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PREFACE 

This  volume  is  entirely  new  in  arrangement  and  largely  so  in 
substance.  Some  articles  have  been  revised  and  removed  from 
tlieir  position  in  the  previous  edition,  mainly  from  the  second 
vohime,  but  the  majority  are  new.  hy  grouping  all  the  Tropical 
Diseases  and  Animal  Parasites  together,  this  volume  will,  it  is  hoped, 
serve  as  a  complete  work  on  Tropical  Medicine,  and  thus  justify  this 
alteration  in  the  scheme  of  the  System  of  Medicine.  As  many  of 
the  more  important  of  the  tropical  diseases  belong  to  the  infections, 
and  originally  appeared  in  Volume  II.,  it  has  seemed  advisable  .to 
bring  out  the  volume  on  Tropical  Diseases  at  the  same  time  as  the 
new  edition  of  Volume  II.,  now  Vol.  II.  Part  I.  After  due  con- 
sideration it  has  seemed  most  convenient  to  include  all  the  animal 
parasites  in  this  volume,  and  not  U)  divide  those  of  inii)ortance 
in  tropic4il  climates  only  from  the  others. 

In  order  to  provide  an  authoritative  account  of  the  animal  para- 
sites and  earners  of  tropical  diseases,  a  knowledge  of  w^hich  is  of  tlu» 
greatest  importance  to  those  engaged  in  the  study  and  practice  of 
Tr<ipical  Medicine,  special  articles  by  Zoologists  have  been  included. 
These  articles,  or  indeed  condensed  monographs,  deal  with  the 
l*rotozoa  (Prof  Minchin),  Mosquitoes  (ifr.  F.  V.  Theobald).  iUood- 
Buoking  and  other  Flies  known  or  likely  to  be  concerned  in  the 
spread  of  disease  (Mr.  E.  E.  Austen),  and  Ticks  (^Ir.  ll.  I.  Tocuck), 
and  have  been  freelv  illustrated  so  as  to  Jissist  in  identification  of 
the  animals  described.  Tropical  Medicine  is  in  its  youth,  and  the 
atlvances  incident  to  vigorous  growth  are  so  continuous  and  inmiinent 
that  almost  before  an  article  is  printed  its  conclusions  may  require 
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niotlitieatioii.  This  ililliculty  has  been  much  in  the  iniud  of  the 
contributoi's  and  Editors,  and  has  rendered  it  unwise  to  attempt  any 
formal  or  rigid  classification  of  the  diseases  described.  But  since 
these  advances  whose  economic  is  even  greater  than  their  scien title 
importance — for  example,  those  in  connexion  with  malaria — demand 
a  working  knowledge  of  the  parasites  and  carriers  of  disease,  it  is 
hoped  that  the  sjmce  i^iven  up  to  the  descriptive  zoological  artich*s 
will  be  fully  justified.  The  important  article  on  Worms  by  Sir 
Patrick  Manson  lias  for  this  reason  been  brought  thoroughly  up  to 
modern  zoological  knowledge  and  nomenclature  by  Mr.  A.  K.  Shi]>ley. 
It  would  be  tedious  to  enumerate  the  new  articles  and  to  deudl 
the  changes  that  havi*  taken  place  in  the  articles  on  subjects  <lealt 
with  in  the  first  Edition  of  the  System.  For  much  advice  and 
help  most  generously  accorded,  the  P^ditoi'S  are  deeply  indebt<?d  to 
Sir  Patrick  Alanson 

T.  ('.  A. 
H.  1).  1{. 
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In  order  to  avoid  freiiuent  interruption  of  the  text,  the  numbers  indicative 
of  itevm  in  the  lists  of  **  liefcrences "  are  only  inserted  in  cases  of  emphasis^ 
whtrf.  two  (fT  nwrt  refermces  to  o^iie  author  are  in  tlie  list,  where  an  author  i^ 
quoted  from  a  work  puhlislud  under  another  na/mey  or  where  an  authjoritative  state- 
intnt  is  made  iDithmU  mention  of  the  authot^s  name.  In  ordinary  cases  an  anfhor^s 
name  is  sufficient  indication  of  the  corresponding  item  in  the  list. 


INTRODUCTION 

Ry  Sir  Patrick  Manson,  K.C.M.G.,  M.D.,  LL.I)..  K.R.S. 

The  diseiises  affecting  man  have  been  classified  in  a  number  of  wayH, 
both  scientitic  and  practical.  It  cannot  be  claimed  for  the  grouping  of 
a  certain  num}>er  under  the  heading  of  "Tropical  Disc/iseH"  that  such  an 
arrangement  is  in  any  sense  a  scientific  chissification.  NeverthelesH,  it  in 
a  usf'ful  and  practical  one,  and,  moreover,  is  based  on  exjierience  ;  on  the 
« ircunistance  that  certain  diseases  are  confined  to  tropical  regions,  or  are 
especially  prevalent  in  them,  such  limitation  and  prevalence  being 
^letennined  by  peculiar  etiological  conditions  which,  in  their  turn,  are 
determined  or  may  be  influenced  by  the  meteorology  of  thijse  regions. 

The  classification  of  disease  on  a  climatic  bjisis  is  Hup|x>rted  by  the 
a^lditional  circumstance  that  while  some  diseiises  are  wholly  or  princi 
pally  limited  to  the  tropical  ]>elt,  others — though  only  few  in  numb(;r, 
such  a.s  scarlet  fever  and  rheumatic  fever — are  j^ractirrally  ronfirjccl  to 
<old  (»r  tem|>erate  climates.  On  the  other  hand  the  v;iHt  majority  of 
disea.-t-s  have  no  climatic  limitations  ;  syphilis,  cancer,  tul>ercuhi«iH,  and  a 
himdred  others  are  to  be  found  in  all  climatijs  and  in  nearly  every  country. 
Tiiu.s,  then,  arninging  diseases  from  the  stamlpoint  of  climate,  we  nsc^^gnise 
three  welNlefined  gi-ouj>s  :  a  small  group  demanding  the  cliniatic  cjm- 
diiion?*  iibtiiiniii;:  in  cold  or  tem|>erate  climates,  a  larger  group  demanding 
tropical  cMiidition.s.  and  a  still  largei  group  which  apj>ear  to  lie  entirely 
trxrmp:  from  climatic  restriction. 

L^mikiuu  at  disease  as  a  whole  the  (\utsi\<m  naturally  aris^.-n  why  then* 
s>houM  :'e  the:*«:'  limitations  in  some  instances  and  not  in  others,  anrl  whv 
anv  •iise;l•^e  -hould  have  climatic  restrictions.  How  d^xjs  lemM-ntture 
r'or.  hr^KtC.v  =t»«raking,  and  esj^cially  in  this  instan';^,  climate;  reHolve»* 
iv^lf  'li-.irK-ttely  into  atmospheric  temjierature — how  (Ut4^  temj^jratiire 
irir^'jef.-r  tr.rr  distribution  of  disease  ?  Climate  influences  the  diHtribution 
...f  .ii.i^a-*r  :r.  "W^.  *>r  other  of  several  ways  of  which  th*-  following  are  the 
j-rir.o::^!  —  *. .  By  the  direct  action  of  light,  h^:at.  moi-tiire.  and  othei 
TZ^z^.*: .'.'  jr.-.'*'  cor.dition*  on  the  human  WJy  :  '2;  bv  the  f'^^/l  i-fKrciai 
:-•  •ii'f-  :rr.*  •  lirr^ate^  :  '-'Ji  by  the  Jr^xrial  arranj/ement-  and  -ar:  »>ary 
cr-fri:::   '-  r.'^.r-  --r  \^ti  directly  imp^/<erl  by  climate:   -t;  by  th':  dif<-'t 
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or  indirect  bearing  of  atmospheric  temperature  on  pathogenetic  and 
associated  organisms.  Of  these  the  last  is  in  the  case  of  tropical  diseases 
by  far  the  most  important  condition. 

(1)  Although  many  attempts  have  been  made  to  trace  and  explain 
the  effect  of  temperature  on  the  physiological  processes  of  the  human 
body,  more  especially  in  reference  to  the  pathological  proclivities  to 
which  atmospheric  heat  and  cold  may  conduce,  it  cannot  be  siiid  that 
any  important  conclusions  have  been  attained.  With  the  exception  of 
traumatism  due  to  the  sun  (sunstroke),  heat  syncope,  erythema  solare, 
and  possibly  lichen  tropicus  and  heat-apoplexy  (sirijisis),  there  are  no 
diseases  that  can  be  definitely  attributed  to  the  direct  action  of  high 
atmospheric  temperature  on  the  human  body.  With  the  exception  of 
frost-bite  and  in  a  measure  but  only  in  the  case  of  individuals  otherwise 
predisposed,  chilblains  and  paroxysmal  haemoglobin uria,  there  are  no 
diseases  directly  depending  on  the  influence  of  cold  on  the  human  body. 
But,  although  we  may  not  be  able  to  indicate  precisely  the  way  in 
which  our  bodies  are  prejudicially  affected  by  extremes  of  atmospheric 
temperature,  especially  prolonged  high  temperatures,  our  sensations, 
the  loss  of  physical  and  mental  energy,  the  modifications  of  physical 
characteristics  undergone  by  white  races  when  placed  during  several 
generations  in  tropical  conditions,  and  the  dark  skins  of  all  tropical  races 
indicate  that  the  white  races  on  first  arrival  are  not  in  all  respects 
adapted  for  tropical  conditions,  that  they  are  somehow  prejudicially 
affected  thereby,  and  that  while  living  in  tropical  countries  they  are  more 
open  to  certain  pathological  risks  than  are  the  natives  of  these  countries. 

(2)  In  a  general  way  it  may  be  affirmed  that  every  considerable 
community  has  found  its  appropriate  food  and  may  be  said,  if  this  food 
be  adequate  in  amount  and  of  good  quality,  to  thrive  on  it.  But  it 
sometimes  happens  that  under  stress  of  famine  the  staple  foods  are  not 
obtainable,  or  if  obtainable  may  be  damaged.  In  such  circumstances 
the  people  maybe  driven  to  eat  substances  containing' toxic  material. 
In  this  way  lathyrism,  ergotism,  atriplicism,  manioc  poisoning  are 
acquired.  Such  diseases  are  practically  limited  to  the  areiis  in  which 
such  dietetic  conditions  occur,  and  some  of  these  are  necessarily  tropical. 
Under  the  same  heading  might  be  placed  the  morbid  conditions  which 
arise  from  the  inordinate  use  of  certain  intoxicants,  such  as  Indian  hemp. 

(3)  Tlie  social  and  s«initary  conditions  of  most  tropical  countries, 
although  they  cannot  be  said  to  cause  any  special  disease,  are,  nevertheless, 
as  compared  to  the  social  and  sanitary  conditions  obtaining  in  most 
temperate  climates,  eminently  conducive  to  the  prevalence  of  certain 
diseases  such  as  leprosy,  cholera,  plague,  dysentery.  So  much  is  this 
the  case  and  so  much  more  common  relatively  are  these  diseases  in 
tropical  countries  that,  practically,  they  have  come  to  be  regarded  as 
tropical  diseases.  But  they  are  tropical  only  in  the  sense  indicated. 
They  would  thrive  elsewhere  were  the  social  and  sanitary  conditions 
equally  favourable.     They  are  not  essentially  tro])ical. 

(4)  With  rare  exceptions — for  the  foregoing  embrace  but  a  small 
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proi)ortion  of  what  are  regarded  cis  tropical  diseases — the  limitations  of 
certiiin  diseases  to  warm  climates  are  in  no  sense  dependent  on  the  action 
of  tempei*ature  on  the  human  body,  or  on  food,  or  on  social  and  sanitary 
conditions.  Nor  with  few  exceptions  do  they  depend  on  the  action  of 
the  atmospheric  temperature  on  the  disease-germ  itself  while  the  germ 
is  located  in  the  human  body.  They  depend  directly  or  indirectly  on 
the  re<|uirements  of  the  germ  when  it  has  escaped  from  the  human  body, 
and  <luring  its  pissage  from  human  host  to  human  host.  During  this 
])assage  the  gerras  of  tropical  diseases  demand  tropical  conditions ;  hence 
the  geographical  or  rather  climatic  limitations  of  these  diseases. 

So  far  {IS  we  know  them,  the  vast  majority  and  all  the  important 
disease-germs  of  man  belong  to  one  or  other  of  the  following  classes : 
Bacteria^  Fungi,  Protozoa^  Helminths. 

Bacteria, — Very  few  of  the  diseases  special  to  the  tropics  or  warm 
climates  are  bacterial,  and  it  is  difficult  to  explain  how  it  is  that 
these  few  even — Malta  fever  for  example — should  be  so  limited.  For 
a  Ijacterium  is  not  injuriously  affected  by  ordinary  atmospheric  conditions, 
and  should  be  able  to  pass  from  man  to  man,  whether  directly,  or  in- 
directly from  a  saprophytic  condition,  in  any  climate.  Accordingly  the 
viist  majority  of  the  bacterial  diseases  of  man  are  of  wide  distribution. 
On  the  other  hand  the  vast  majority  of  diseases  having  climatic 
limitations — tropical  diseases  among  them — are  caused  by  (a)  Fungi, 
(h)  Proto.:m,  (c)  Helminths, — organisms  which,  as  a  rule,  one  way  or 
another,  require  in  their  passage  from  host  to  host  very  special  and  often 
complicated  conditions. 

{n)  Fan{fi, — Fungi  living  on  the  surface  of  the  body  are  just  as 
exposed  to  climate  as  are  ordinary  plants.  Some  of  them  demand  a 
hot  and  moist  climate,  hence  they  are  found  only  within  the  tropics  and 
in  particular  parts  of  the  tropics.  Tinea  imbricata,  pinta,  and  probably 
other  and  as  yet  undetenmined  epiphytic  diseases  belong  to  this  ciitegory. 
When  we  s])eak  of  a  disease  as  being  a  tropical  disease,  we  mean  merely 
that  the  disease-germ  can  be  actpiired  only  in  tropical  conditions.  Once 
the  germ  is  .acquired  the  disease  nms  its  course  in  any  climate.  The 
only  exception  to  this  genend  statement  lies  in  the  epiphytic  dise;ises. 
In  those  of  them  special  to  the  tropics  the  germ  itself,  even  after  im- 
plantation and  thorough  establishment,  still  requires  tropical  conditions ; 
on  the  patient  (luitting  those  conditions  the  germ  dies  and  the  disease 
it  gave  rise  to  disappears.  In  a  sense,  therefore,  these  epiphytic  diseases 
are  the  only  true  tropical  disejises. 

{h)  Protoztn. — The  pathogenetic  protozoa  are  responsibh*  probably  for 
A  very  large  number  of  diseases.  Many  appear  to  ]>e  able  to  pass 
directly  from  host  to  host,  unaffected  apparently  by  the  atmospheric 
conditions  they  encounter  on  the  passage ;  that  of  small-pox  and  of  most 
of  the  cxanthematous  fevers  probably  belong  to  this  category.  Others, 
on  the  contrary,  demand  special  climatic  conditions.  Such  are  the  germ 
of  scarlet  fever  which  does  not  spread  in  the  tropics,  and  the  germ  of 
dengue  which,  conversely,  does  not  spread  in  cold  climates.     Tliat  of  the 
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first  is  killed  or  paralysed  by  heat ;  that  of  the  latter  by  cold.  Or,  it  may 
be,  they  do  not  find  appropriate  transmitters  except  in  special  climatic 
conditions.  Many  of  the  protozoa  under  normal  conditions  acquire  the 
jK)wer  of  successfully  invading  the  human  body  only  after  certain 
developmental  changes  which  take  place  after  they  leave  their  first  host. 
Thus,  according  to  Schaudinn,  the  germ  of  amcebic  dysentery  has  to 
[)ass  through  a  sporulating  stage  before  it  becomes  infective,  and  this 
stage  is  accomplished  only  outside  the  body  and  in  conditions  of  tropical 
heat.  Hence  amoebic  dysentery  is  a  tropical  disease.  Other  protozoan 
disease -germs,  notably  those  of  malaria,  yellow  fever,  trypanosomiasis 
anrl  relapsing  fever,  require  an  animal  intermediary  to  remove  them 
from  the  body  of  their  original  host,  foster  them  during  a  necessary 
stage  of  development,  and  reimplant  them  in  the  human  host.  These 
animal  intermediaries  being  tropical,  the  diseases  they  disseminate  are 
also  necessarily  tropical. 

(r)  Helmiiilh. — The  remarks  on  the  diseases  caused  by  protozoa 
apply  equally  to  those  produced  by  helminths,  some  of  wliich  win  pass 
from  host  to  host  directly  in  any  climate.  These,  of  course,  are  more 
or  less  cosmopolitan  :  such  are  the  common  intestinal  worms — Asciiris, 
Trichocephalus,  and  Oxyuris.  Others  again  can  pass  directly  from 
human  host  to  human  host,  l)ut  demand  a  tropical  temperature  to  secure 
the  neccssjiry  preliminary  development  which  enables  them  to  live  in 
the  new  host.  Such  is  Ankylostoiiui  duodennhy  whose  ova  develop  only 
under  conditions  of  high  temperature  and  iidequate  moisture.  A  third 
category  requires  an  animal  intermediary  before  it  am  establish  itself 
in  Its  definitive  host.  Thus,  hydatid  disease  produced  by  the  larva  of 
Tffniti  echinococcus  has  to  pass  through  the  dog  and  man  or  sheep 
before  its  cycle  is  completed.  Its  hosts  being  cosmopolitiin,  the  parasite 
is  likewise  cosmoiwlitan.  But  there  are  not  a  few  of  these  helminths 
whose  hosts  or  intermediaries,  being  limited  by  climatic  conditions, 
give  rise  to  diseases  similarly  lim\ted.  When  the  limitations  are  tropical, 
the  diseases  are  tropical.  Such  are  bilharziasis,  filariasis,  dracontiasis, 
distomiiisis,  and  so  forth. 

These  are  the  broad  principles  that  determine  the  distribution  of 
tropical  diseases.  They  should  be  the  guides  in  further  investigation 
as  well  its  in  prevention.  The  peculiarities  of  tropical  diseases  are 
etiological  rather  than  pathological.  It  is  a  recognition  of  this  great 
truth  that  has  contributed  more  than  anything  else  to  the  expansion  of 
our  knowledge  in  recent  yciirs,  and  also  to  our  ability  to  contend 
successfully  with  many  tropical  scourges  against  which  we  were  formerly 
powerless. 

An  important  matter,  and  one  as  yet  hardly  sufficiently  recognisccl, 
is  the  disseminating  influence  that  modern  travel  and  means  of  com- 
municiition  are  having  on  the  spread  of  diseases  formerly  con  fined 
to  perhaps  very  limited  areas.  We  are  familiar  ^v\ih  the  idea  that  trade 
routes  and  travel  have  spread  bacterial  diseases  such  as  cholera,  plaijuc, 
and  enteric  fever,  and   directly  infectious   protozoan    diseases,  such    as 
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emall-pox.  Bat  as  yet  we  have  hardly  grasped  in  a  practical  way  the 
notion  that  the  indirectly  infectious  protozoan  diseases  formerly  held  to  be 
non-infectious  may  be  and  are  being  similarly  disseminated.  As  a  rule, 
but  not  invariably,  these  protozoan  diseases  in  order  to  spread  require 
more  complicated  conditions  than  the  bacterial  diseases.  Nevertheless, 
now  and  again  these  complicated  conditions  have  been  supplied ;  for 
example,  to  introduce  malaria  successfully  requires  not  only  the  introduc- 
tion of  the  germ  but  also  of  the  intermediary,  an  anopheline  mosquito. 
This  has  probably  occurred  in  many  places,  certainly  in  Mauritius,  and 
probably  will  occur  in  the  future  in  many  other  islands.  The  spread  of 
yellow  fever  in  a  similar  way  is  to  be  anticipated.  The  difficulties  these 
parasites  had  to  overcome  in  order  to  extend  their  boundaries  is  being 
rapidly  removed  by  the  rapidity  of  transit  and  the  multiplication  of 
opportunity  supplied  by  modern  methods  of  transport. 

These  are  but  two  examples  of  a  large  group  of  diseases,  with  limit- 
ations at  one  time  apparently  fixed  by  nature,  which  in  the  future 
we  have  only  too  much  reason  to  fear  will  be  found  throughout  the 
grwiter  part  of  the  tropical  world.  It  may  be  that,  as  in  the  case  of 
yellow  fever,  expanding  knowledge  and  expanding  civilisation  may  do 
something  to  check  this  process ;  but  the  recent  history  of  the  extension 
of  the  area  of  sleeping  sickness  seems  to  indicate  that  knowledge  some- 
tiroes  comes  when  it  is  too  late,  or  in  circumstances  in  which  it  cannot  be 
applied.  Patrick  Manson. 
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PROTOZOA 

By  PuoF.  E.  A.   MiNCiiiN,  M.A. 

Thr  name  Protozoa  was  coined  iis  an  e^^juivalent  for  the  German  Urthiere, 
meaning  animals  of  a  primitive  or  archaic  type — a  name  given  as  far 
lu'ick  as  1820  to  the  vast  assemblage  of  microscopic  animalcules  which, 
from  their  appearance  in  infusions  containing  decaying  animal  and  vege- 
table matter,  were  commonly  termed  Infusoria.  To  von  Siebold  belongs 
the  merit,  however,  of  giving  a  precise  definition  to  the  group,  by  pointing 
out  that  in  the  Protozoa  the  individual,  whether  living  singly  or  combined 
with  other  individuids  to  form  colonies,  is  in  all  cases  a  situjle  cell.  To 
]»ut  it  in  other  words,  in  Protozoa  the  cell  is  an  individual  complete 
in  itself,  both  physiologically  and  morphologically,  in  contrast  with  the 
higher  division  of  the  animal  kingdom,  the  Metazoa,  in  which  the  body 
is  always  composed  of  many  cells,  differentiated  amongst  themselves  for 
the  performance  of  different  functions,  combined  together  to  form  a  single 
complex  individual,  and  incapable  of  maintaining  a  separate  and  indepen- 
dent existence.  This  is  the  sense  in  which  the  t«rm  Protozoa  has  always 
l>een  used  by  zoologists  ;  and  von  Siebold's  generalisation,  by  giving  a 
precise  limitation  to  the  grouj),  brought  about  the  exclusion  from  it,  once 
and  for  all,  of  such  forms  as  sponges  and  rotifers,  which  had  often  Vieen 
referred  to  the  Protozoa  previously,  but  which  henceforth  ranked  definitely 
as  Metazoa. 

The  essentially  unicellular  nature  of  the  Protozoa  is  a  criterion  by 
which  it  is  ea.sy  to  define  them  from  a  purely  zoological  point  of  view. 
It  b<'comes,  however,  less  eiisv  to  chai-acterise  them  when  we  take  into 
consideration  the  whole  mnge  of  unicellular  organisms,  namely,  the 
l»acteria  and  the  unicellular  alga^  and  fungi,  as  well  as  those  more  dis- 
tinctivelv  animal  in  nature.  And  it  mav  be  said  at  once  that  in  unicellular 
orgJinisms  it  is  not  possible  to  maintain  in  systematic  classification  a  haiti 
and  fiist  line  between  plants  and  animals.  The  ditl'erence  between 
plant  and  animal  is  at  first  merely  a  difference  of  the  mode  of  living,  and 
cannot  be  used  as  a  test  of  affinity,  or  for  ])urposes  of  classification,  until 
it  tuis  gone  so  far  and  been  estfiblished  so  long  that  the  cell  has  actpiired 
indelible  morphological  characteristics  resulting  from  the  one  or  the  other 
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mode  of  life.  On  this  account  it  has  been  proposed  by  Haeckel  to 
abolish  the  name  Protozoa,  as  a  division  of  the  animal  kingdom,  and  to 
include  all  unicellular  organisms  together  under  the  name  Protista,  a 
category  to  rank  as  a  distinct  kingdom  (Reich),  equal  in  systematic  value 
to  the  animal  and  vegetable  kingdoms,  between  which  the  kingdom 
Protista  would  be  a  connecting  link.  Many  modern  authorities  have 
adopted  this  method  of  meeting  the  difficulty,  but  the  majority  retain 
the  Protozoa  as  a  division  of  the  animal  kingdom,  not  only  in  deference 
to  long-established  usage,  but  because  it  represents  a  useful  category  and 
comprises  forms  having  natural  affinities  with  one  another.  If  we  try 
now  to  define  this  assemblage  of  forms  from  a  wider  iK)int  of  view  than 
that  of  the  zoologist,  we  arrive  at  the  following  definition,  or  rather 
characterisation,  of  the  Protozoa : — 

Organisms  in  which  the  individual  is  unicellular — that  is  to  say,  is 
formed  of  a  single  undivided  mass  of  protoplasm  ciipable  of  independent 
existence  in  a  suitable  environment.  The  body  always  contains  chromatin 
or  nuclear  substance,  which  may  form  a  single  mass,  or  may  be  divided 
into  portions  morphologically  and  physiologically  differentiated  from  one 
another,  or  may  be  broken  up  into  smaller  masses,  but  which  in  all  cases 
can  be  sharply  distinguished  from  the  general  body-protoplasm  or  cyto- 
plasm. The  protoplasmic  body  may  be  naked  at  the  surface,  or  covered 
by  a  cuticle  or  envelope  which  is  not  usually  of  the  nature  of  cellulose. 
Organs  serving  for  locomotion,  and  for  the  capture,  ingestion,  and  digestion 
of  solid  food,  are  usually  present,  but  may  be  entirely  absent  (holophytic, 
saprophytic,  and  parasitic  forms).  On  the  other  hand,  chlorophyl  as  a 
cell-constituent  is  absent,  except  in  the  holophytic  Flagellata.  Reproduc- 
tion takes  place  by  various  modes  of  cell -division,  which  in  the  vast 
majority  of  cases  is  supplemented  by  some  form  of  conjugation. 

The  above  definition  is  of  necessity  somewhat  vague,  and  does  not 
sharply  separate  the  Protozoa  from  primitive  forms  of  plant-life,  with 
which,  iis  already  explained,  they  are  connected  by  gradual  transitions. 
On  the  other  hand,  the  chanicters  given  mark  off  the  Protozoa  from  the 
bacteiia,  in  which  the  body  is  limited  by  a  definite  Cfipsule,  and  in 
which  there  is  usually  no  obvious  distinction  of  the  protoplasm  into 
nucleus  and  cytoplasm,  the  chromatin  in  these  organisms  being, 
according  to  recent  researches,  finely  subdivided  and  scattered  evenlv 
throughout  the  protopLism,  so  that  the  entire  organism  of  a  bactenuni 
has  rather  the  structure  of  a  nucleus  than  of  a  complete  cell. 

The  cytoplasm  of  Protozoa  is  commonly  difierentiated  into  a  clearer 
and  denser  outer  layer,  the  ectoplasm  (ectosarc),  and  a  more  fiuid, 
gitinular  internal  portion,  the  endoplasm  (endosarc).  The  protoplasm 
contains  various  enclosures.  First  in  importance  is  the  iiudeus,  which 
is  usually  a  compact,  fairly  conspicuous  structure,  and  consists  oi 
chronmtin  combined  in  various  ways  with  achromatic  substfince.  Some- 
times more  than  one  such  nucleus  is  present.  In  addition  to  the  principal 
nucleus  or  nuclei,  fine  granules  of  extra-nuclear  chromatin  may  sometimes 
be    found    saittered    in    the    cytoplasm.       Such    granules    are    termed 
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chramidia.  They  may  occur  constantly  in  a  given  species,  or  may  be  formed 
from  the  principal  nucleus  at  certain  phases  of  the  life-cycle ;  and  some- 
times the  entire  chromatin  may  be  distributed  in  this  manner,  a  prin- 
cipjil  nucleus  being  temporarily  absent.  When  more  than  one  nucleus 
is  present,  the  nuclei  may  be  strictly  equivalent,  or  may  be  structurally 
and  physiologically  differentiated,  in  relation  to  processes  either  of 
functional  activity  or  of  reproduction. 

Of  frequent  occurrence  is  a  contractile  racuok,  a  clear  drop  of  fluid 
which  makes  its  appearance  in  the  ectoplasm  at  some  spot,  grows  more 
or  less  slowly  to  a  certain  size,  then  empties  itself  to  the  exterior  by 
a  rapid  contraction,  and  is  formed  again.  The  contractile  vacuole  owes 
its  origin  to  fluid  draining  from  all  jmrts  of  the  body  to  a  particular 
point,  the  fluid  being  water  absorbed,  probably,  at  the  surface  of  the 
ixxly  from  the  surrounding  medium.  The  water  ejected  from  the  con- 
tractile vacuole  contains  the  soluble  waste  products  of  the  metabolism 
of  the  protophism,  and  the  function  of  the  contractile  vacuole  must  be 
looked  upon  as  both  respiratory  and  excretory.  Contractile  vacuoles  are 
usually  absent  in  those  Protozoa  which  live  as  internal  parasites  of 
other  animals.  Forms  which  ingest  solid  food  shew  food-mcuoles,  each 
i\  minute  <lrop  of  water  taken  in  with  the  prey. 

*  Besides  the  enclosures  already  mentioned,  the  protoplasm  contains, 
especially  in  the  endoplasm,  granules  varying  in  size  from  minute  to  fairly 
Isxrge,  Most  of  these  are  to  be  regaixled  as  mdaplastu  in  nature,  i.e.  as 
stages  in  the  upward  or  downward  metabolism  of  the  material  of  the 
protoplasmic  body. 

Against  unfavourable  conditions  such  as  desiccation  or  change  of 
me<lium,  many  Protozoa  are  able  to  protect  themselves  by  encystment 
— that  is,  the  formation  of  a  protecting  envelope  or  cyd  round  the  body. 
Under  certain  conditions  the  cyst  is  absorbed,  or  burst  and  thrown  aside, 
and  the  contents  set  free. 

Reproduction  in  Protozoa  takes  place  generally  .by  some  form  of 
Ji<'<itfn,  In  this  process  a  division  of  the  nucleus  is  followed  by  that 
of  the  body  as  a  whole.  The  fission  may  be  simple^  when  first  the 
nucleiLs,  and  then  the  rest  of  the  body,  divides  into  two  parts ;  or 
mfiJtijile,  when  the  nucleus  divides  either  simultaneously,  or  by  successive 
simple  divisions,  into  a  number  of  daughter-nuclei,  following  which  the 
protoplasmic  body  breaks  up  into  more  or  fewer  daughter-individuals, 
each  containing  usually  a  single  nucleus.  The  latter  method  is  commonly 
termed  sjHmdaiiony  and  the  minute  individuals  produced  may  be  termed 
generally  S]H>res  (archispores).  In  this  process  the  entire  parent  body  is 
not  necessarily  used  up  in  forming  spores,  but  there  niiiy  remain  over  a 
eertiiin  amount  of  residual  protoplasm,  which  is  destined  to  degenerate 
and  die  off. 

Simple  fission  is  known  as  binary  Jissiou  when  the  two  daughter- 
individuals  are  approximately  equal  in  size.  In  other  cases  the  division 
may  ]>e  imequal,  and  sometimes  to  such  an  extent  that  the  parent 
individual  appears  to  bud  off  a  single  daughter -individual,  rather  than  to 
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divide  into  two  sister -individuals.  In  such  cases  the  process  is  ciilled 
iiemmation. 

The  sporulation  of  Protozoa  may  lead  to  the  formation  of  numerous 
active  motile  individuals,  which  are  then  spoken  of  as  sivarm-iipoirs.  A 
swarm-spore  may  be  amoeboid — that  is  to  say,  similar  in  character  to  a 
minute  amoeba, — and  is  then  termed  an  avuehula  (pseudopodiospore) ;  or  it 
may  be  flagellate — that  is  to  say,  be  provided  with  one  or  more  flagella  as 
organs  of  locomotion, — and  is  then  termed  a  flagellula  (flagellospore). 
Like  the  larvte  of  Metazoa,  swarm -spores  may  differ  very  much  from 
their  pjirents  in  appearance  and  structure. 

Growth  and  reproduction  by  fission  may  continue  for  many  genera- 
tions, but  sooner  or  later,  in  most,  if  not  in  all  Protozoa,  a  process  of 
sexual  union  or  conjugation  is  introduced  into  the  life-cycle.  The  bio- 
logical significance  of  this  process  is  a  matter  of  speculation,  but  in  some 
cases  at  least  it  seems  certain  that  the  effect  of  conjugation  is  a 
rejuvenescence  or  renewal  of  the  vital  powers  of  an  organism  which  has 
become  eflete  and  senile  through  long-continued  vegetative  activity.  The 
sexual  process  may,  however,  intervene  at  different  points  in  the  life- 
cycle  in  different  cases,  and  sometimes  follows,  sometimes  precedes,  rapid 
reproduction  by  fission.  Conjugation  is  not  necessarily  combined,  there- 
fore, with  reproduction,  though  it  most  frequently  is  so. 

True  conjugation  (zygosis)  among  the  Protozoa  consists  essentially  in 
the  fusion  of  nuclear  substance  from  two  different  individuals  (kaiyogamy). 
The  individuals  which  go  through  this  process  are  termed  gameks  ;  the 
nuclei  which  undergo  fusion  are  known  as  pronuclei  \  the  nucleus  produced 
by  their  fusion  is  called  a  syiikaryon ;  and  if  the  fusion  extends  to  the 
whole  bodies  of  the  two  gametes  the  resulting  individual  is  called  a 
zygote.  The  gametes  which  conjugate  may  be  adult  individuals  of  the 
species  (macrogamy),  or  may  be  very  young  individuals,  the  recent 
products  of  some  form  of  multiplication  (microgamy).  They  may,  further, 
be  similar  and  equal  in  all  respects  (isogamy),  or  may  be  diflferentiated  in 
respect  of  size  and  structure  (anisogamy).  In  the  latter  case  one,  the  micro- 
gamete  y  regarded  as  male,  is  usually  smaller,  less  laden  with  reserve  food- 
material,  and  more  active  and  motile;  the  other,  the  viacrogameU',  regarded 
as  female,  is  more  bulky,  often  very  full  of  reserve  material,  and  less  or 
not  at  all  motile.  It  is  probably  an  invariable  procedure  for  the  nuclei 
of  the  gametes  to  go  through  processes  of  •maturaiiony  or  preparation  for 
conjugation,  which  always  takes  the  form  of  elimination  of  a  portion  of 
the  nuclear  substance,  some  of  the  chromatin  being  either  absorbed  in  the 
protoplasm  or  cast  out  from  it  as  one  or  more  "polar  bodies."  The 
chromatin  rejected  in  this  way  probably  «always  includes  the  vegetative 
chromatin — that  is  to  stiy,  the  chromatin  which  has  regulated  the  processes 
of  metabolism,  such  as  nutntion,  growth,  cell-division,  etc.,  in  the  non- 
sexual generations.  In  most  eases,  also,  a  portion  of  the  fjenei'ative  or 
sexual  chromatin  is  also  eliminated.  After  the  conjugation  the  chromatin 
of  the  synkaryon,  at  first  purely  generative,  must  be  supposed  to  become 
differentiated    in   part    into    vegetative    chromatin,    which    governs    the 
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raeUiholism  of  the  body  through  succeeding  generations,  until  eliminated 
ill  preparation  for  the  next  act  of  conjugation. 

In  some  cases  not  only  ai*e  the  conjugating  individuals  of  the  sexual 
generation,  the  so-called  gametes,  different  from  one  another,  but  the 
indi\iduals  of  the  generation  from  which  the  gametes  arise  may  be 
different  from  ordinary  individuals  of  the  species.  The  mother-cells  of 
the  gametes  are  then  distinguished  as  gameiocytesj  and  are  usually  of  two 
kinds,  microgametocytes  and  macrogametocytes.  In  highly  differentiated 
forms  the  gametocytes  and  gametes  form  a  series  of  generations  distin- 
guished as  the  "sexual  cycle"  from  the  generations  of  ordinary  indi- 
viduals forming  the  "  vegetative  cycle,"  and  the  two  cycles  form  a  regular 
alternation  of  generations.  Thus  a  given  species  of  Protozoa  may  be 
extremely  polymorphic,  and  comprise  a  recurring  cycle  of  dissimilar  forms, 
which  can  be  classed  as  of  male,  female,  or  indiff'erent  character. 

In  some  cases  the  two  gametes  which  conjugate  are  observed  to  be 
sister-individuals  derived  by  fission  from  the  same  parent  gametocyte. 
In  other  cases  the  parent  cell  does  not  even  divide,  but  its  nucleus  alone 
divides,  and  the  daughter-nuclei  give  rise  to,  or  become,  the  pronuclei 
which  fuse  to  form  the  synkaryon.  It  is  chiefly,  though  not  solely, 
siraong  |)anisitic  forms  that  such  processes  of  extreme  in-breeding  occur, 
to  which  the  term  atitogumy  is  applied.  If  any  benefit  be  supposed  to 
accrue  to  the  organism  from  this  process,  it  must  result  merely  from  the 
rearrangement  or  reconstitution  of  the  nucleus. 

In  some  cases  among  I^rotozoa  it  is  observed  that  under  certain 
conditions  sexually  differentiated  individuals  may,  without  going  through 
any  process  of  conjugation,  proceed  to  reproduction  of  the  ordinary  type. 
To  an  event  of  this  kind  the  term  purthtftoffejiesu  is  applied,  a  tenn  em- 
ployed in  the  first  instance  for  the  many  known  aises  among  Metazoa 
where  an  ovum,  that  is  to  say  a  germ -cell  of  definitely  female  character 
and  proiluced  by  a  female  individual,  develops  without  fertilisation. 
I'arthenogenesis  must  not  be  confounded  with  non-sexual  reproduction 
^euemlly,  of  which  it  is  merely  a  special  case.  In  the  Metazoa  the  male 
gamete  or  spermatozoi)?!  is  so  specialised  and  reduced  in  bulk  that  any 
(ienelopment  from  it,  except  in  union  with  the  ovum,  is  quite  impossible. 
In  the  less  specialised  male  gametes  of  Protozoa,  however,  non-sexual 
development  is  possible,  though  very  rare,  and  h;is  been  termed  by 
Prowazek  etheogenesis.  Parthenogenesis  and  etheogenesis  are  initiated 
Hs  a  rule  by  changes  which  have  the  effect  of  setting  the  individual  back, 
so  to  speak,  from  the  male  or  female  to  the  indifferent  or  non -sexual 
type,  with  subsequent  reproduction  on  vegetative  lines. 

The  Protozoa  are  divided  into  four  classes — the  Sarcodina,  Mastigo- 
phora,  Sporozoa,  and  Infusoria. 

Class  I. — Sarcodina. — Protozoa  in  which  the  body -protoplasm  is 
naked,  in  which  permanent  organs  of  locomotion  are  absent  in  the  adult, 
lK>th  locomotion  and  ingestion  of  food  being  effected  by  protoplasmic 
processes  of  temporary  nature  termed  pseudopodin. 

The  typical  body-form  may  be  said  to  be  a  simple  sphere,  only  realised 
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<luriug  the  resting  phase  in  Amaba  and  other  forms  which,  like  it,  creep 
upon  a  solid  substratum.  In  Sarcodina,  however,  which  float  freely 
suspended  in  the  water,  such  as  the  Heliozoa  and  Radiolaria,  the  spherical 
body-form  is  retained  in  perfection,  with  pseudopodia  radiating  from  it 
in  all  directions.  On  the  other  hand,  the  opposite  extreme  is  seen  in  the 
semi -terrestrial  Mycetozoa,  forms  which  are  adapted  to  live  on  damp 
tree-trunks,  bark,  fungi,  etc.  In  these  organisms  the  protoplasm  forms 
large  creeping  masses,  often  measuring  many  centimetres  in  horizontal 
extent,  but  very  thin  in  the  vertical  direction,  termed  plasmodia. 

The  greatest  and  most  diagnostic  difference  in  appearance  between 
different  Sarcodina  is  due  to  the  differences  in  their  pseudopodia,  which 
vary  from  slender  "  filose  "  filaments  (filopodia)  to  thick,  coarse,  "  lobose  " 
processes  (lobopodia).  The  formation  of  pseudopodia  may  result  in 
movement  from  place  to  place  of  the  body  as  a  whole,  or  the  animal  may 
remain  stationary  and  send  out  its  pseudopodia  simply  for  the  capture  of 
food.  As  a  rule,  locomotion  is  most  active  when  the  pseudopodia  are 
more  lobose  in  type,  less  so  when  the  pseudopodia  are  filamentous.  The 
extreme  of  the  lobose  type  is  seen  in  those  amcebae  in  which  the  whole 
protoplasm  flows  forward  steadily  in  one  direction,  so  that  the  body  when 
active  is  simply  one  large  pseudopodium.  The  thicker  and  more  lobose  the 
l)3eudopodLa,  the  less  do  they  branch,  but  the  more  slender  forms  may 
branch  ropciitedly,  and  in  the  typical  filamentous  forms  the  branches 
anastomose  into  a  deliciite  network,  often  spread  over  a  considerable 
extent ;  such  forms  are  termed  "  reticulose."  All  pseudopodia  arise  in 
the  fii-st  instance  from  the  ectoplasm,  which  is  the  seat  of  movement. 
When  the  pseudopodia  are  thick  and  lobose,  a  core  of  endoplasm  flows 
into  them,  and  they  are  consequently  more  fluid  in  consistence.  Slender 
pseudopodia,  on  the  other  hand,  are  commonly  composed  of  ectoplasm 
alone,  and  are  more  stiff  and  rigid. 

The  soft  protoplasmic  body  of  the  Sarcodina  may,  in  the  free-living 
forms,  be  protected  or  supported  by  a  secreted  skelehn,  primarily  of  an 
organic  nature,  but  usually  saturated  and  indurated  by  mineral  salts, 
which  in  the  vast  majority  of  cases  are  either  Ciirbonate  of  lime  or  silica. 
The  skeleton  may  be  formed  externally  or  internally  to  the  body.  In 
the  former  case  it  takes  the  shape  of  a  shell,  test,  or  house,  into  which 
the  protoplasm  can  be  retracted  entirely  or  partially.  Internal  skeletons 
are  laid  down  usually  in  the  form  of  beams  or  bars  of  the  skeletal 
material,  which  are  commonlv  connected  to  form  lattice -works  more  or 
less  complicated  in  structure. 

One  nucleus  at  least  is  probably  always  present  in  any  species  of 
Siu'cotlina,  as  a  more  or  less  conspicuous  body  suiTOundcd  by  a  distinct 
membrane,  and  containing  ])esides  chromatin  a  considerable  amount  of 
achromatic  substances,  especially  phistin,  ari-anged  in  various  ways.  In 
adilition  to  the  nucleus  there  may  be  a  greater  or  less  quantity  of  extra- 
nuclear  chromatin  scattered  in  the  cytoplasm  in  the  form  of  fine  granules 
or  chromidia.  Kecont  observations  on  the  reproduction  show  that  the 
chroniidia  possess  great   importance,   as  reserve  generative    chromatin, 
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"which  comes  into  play  when  a  fresh  life -cycle  is  started  })y  an  act 
of  conjugation ;  while  the  principal  nucleus  governs  the  "  vegetative " 
activity  of  the  body — that  is  to  say,  the  nutrition,  growth,  and  reproduction 
by  oitlinary  division.  In  some  forms  phases  may  be  found  preparatory 
to  conjugation  in  which  the  principal  nucleus  may  be  entirely  absent  and 
chromidia  only  are  found  in  the  cytoplasm.  On  the  other  hand,  chrom- 
idia  may  be  absent,  the  generative  and  vegetative  chromatin  being 
combined  in  the  nucleus,  from  which  is  expelled  the  vegetative  chromatin 
during  the  process  of  maturation  prior  to  conjugation.  The  chromidia  or 
generative  chromatin  can  thus  be  comjjared  as  regards  function  to  the 
micronucleus  of  the  Infusoiia  (see  p.  114),  and  the  principal  nucleus  or 
vegetative  chromatin  to  the  macronucleus. 

The  cases  in  which  species  of  Sarcodina  have  been  described  as  lacking 
a  nucleus  altogether  (Haeckers  so-called  Monei*a)  are  probably  to  be 
explained  either  by  defective  technique  and  observation  or  by  the  nucleus 
being  represented  temporaiily  in  the  form  of  chnmiidia.  With  increase 
of  body-size  the  number  of  nuclei  present  may  also  undergo  increase 
by  groAvth  and  division,  often  to  many  thousands.  In  such  cases  the 
nuclei  of  a  given  individual  are  similar  and  equivalent  to  one  another, 
and  not  differentiated  in  structure  or  function. 

A  contractile  vacuole  is  commonly  found,  but  appears  to  be  quite 
absent  in  some  groups  (Mycetozoa,  Radiolaria,  most  Foraminifera) ;  in 
other  cases  more  than  one  may  be  present.  Food-vacuoles  are  usually 
formed  when  solid  food  is  ingested.  The  metaplastic  enclosures  of  the 
protoplasm  may  include  crystals  and  other  bodies  too  varied  in  nature 
to  ^je  enumerated  in  a  general  account. 

All  Sarcodina  exhibit  resting  phases,  dui-ing  which  they  either  shelter 
against  unfavourable  conditions,  or  enter  upon  a  period  of  reproductive 
activity.  Encystment  is  a  common  phenomenon  in  these  circumstances. 
In  Sarcodina  which  have  a  shell  or  test  the  protoplasm  is  withdrawn  into 
it  during  the  resting  phases.  A  cyst  may  be  formed  within  the  shell 
by  the  protoplasm ;  when  the  animal  enters  again  upon  the  active  phiise, 
the  cyst  is  absorbed  and  the  shell  reoccupied. 

Reproduction  in  the  Sarcodina  tiikes  one  of  two  forms — (1)  simple 
fission  in  some  form  during  the  active  condition  of  the  animal ;  (2)  sporu- 
lution  in  the  resting  state.  The  latter  is  commonly  found  associated 
with  some  method  of  conjugation. 

(1)  Multiplication  by  simple  fission  appears  to  be  in  abeyance  only  in 
some  of  the  lai-ger  marine  Sarcodina,  such  as  Riuliolaria  and  Foraminifei-a, 
forms  for  the  most  part  with  a  more  or  less  complicated  shell  or  skeleton 
or  body-stnicture.  With  these  exceptions  the  rule  in  the  group  is 
reproduction  by  fission.  Colony-formation,  through  incomplete  separa- 
tion of  individuals  produced  by  fission,  as  frecpiently  seen  in  other  classes 
of  Protozoa,  does  not  appear  to  be  common  in  Sarcodina. 

(2)  Sporulation  is  probably  of  very  general  occurrence  in  this  group, 
though  in  many  forms  it  has  not  yet  been  descrilied.  It  usually  takes 
I)lace  within  a  cyst,  though  not  always,  and  results  in  the  breaking-up  of 
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the  nucleus  and  cytoplasm,  to  form  numerous  small  uninucleate  individuals 
which  are  set  free  as  swarm-spore.%  either  amoebulae  or  flagellulae.  The 
flagellulae  represent  always  a  temporary  phase,  and  later  lose  their 
flagella,  with  or  without  conjugation  having  taken  place,  becoming 
amct^hulje,  which  in  their  turn  develop  into  the  adult  organism. 

In  Saix-odina  the  sexual  process  exhibits  great  variety,  both  in  its 
methods  and  in  its  relations  to  the  life-cycle  as  a  whole.  Conjugation 
(zygosis)  where  it  has  been  observed  takes  place  most  frequently  between 
swarm-spores,  especially  flagellulae,  two  of  which  become  completely  fused, 
both  in  nucleus  and  cytoplasm,  to  form  a  uninucleate  zygote.  In  many 
cases  the  gametes,  whether  amoebulse  or  flagellulae,  may  be  diff'erentiated 
in  size  and  structure  into  male  and  female  elements  (anisosporcs).  In  other 
cases  again  a  third  or  indifferent  form  of  swarm-spore  {isosjxfre)  may  be 
formed  which  develops  directly  into  the  adult  without  conjugation.  The 
extreme  of  complication  is  reached  where,  as  in  some  Lobosa  and  many 
ForaminifcKi,  true  alternation  of  generations  is  observed.  The  adult 
individuals  are  then  of  two  kinds :  one  form,  termed  by  Schaudinn  a 
8chi:ont,  giving  rise  only  to  isospores,  which  develop  without  conjugation  ; 
the  other,  t^jrraed  a  sporontj  giving  rise  to  anisospores  which  conjugate  ; 
and  the  zygotes  develop  into  schizonts.  In  some  cases  the  conjugation 
is  not  between  swarm-spores,  but  between  adults  (macrogamy).  True 
conjugjition,  with  nuclear  fusion  or  karyogamy,  must  be  carefully 
distinguished  from  a  process  of  not  uncommon  occurrence  termed 
plastogdiirt/^  in  which  the  protoplasm  of  two  or  more  individuals  undergoes 
amalgamation,  the  nuclei  remaining  sepai-ate. 

The  Sarcodina  may  l^e  divided  conveniently  into  Rve  subclasses,  some 
of  which,  however,  do  not  include  parasitic  forms  of  interest  to  medicine, 
so  far  as  present  knowledge  extends. 

Subclass  I. — Amcehcva. — Amoeba-like  forms,  with  or  without  a  shell, 
but  usually  without  internal  skeleton ;  usually  of  creeping  habit, 
occasionally  floating.     Pseudopodia  of  various  types. 

The  cliissification  of  the  Amoebaea  is  extremely  difficult,  as  no  sharp 
characters  are  to  be  found  by  which  they  can  be  grouped,  and  the  most 
extreme  types  are  connected  by  transitions.  Ob\'ious  moi*phological 
characters  are  the  nature  of  the  pseudopodia  and  the  presence  or 
absence  of  a  shell.  In  the  lack,  however,  of  more  extended  knowledge 
of  the  life-histories  of  these  organisms,  present  classifications  must  be 
regarded  merely  as  provisional  methods  of  conveniently  grouping  them, 
and  not  in  any  way  as  indicating  their  natural  affinities.  Hence  we  find 
that  no  two  authors  are  in  agreement  in  their  modes  of  classifying  the 
forms  comprised  in  this  order.  For  the  purposes  of  the  present  article  it  is 
sufficient  to  divide  the  Amoebaea  into  Reticulosa,  with  filamentous,  usually 
reticulose  pseudopodia,  and  Lobosa,  with  lobose  pseudopodia.  The 
Lobosa  may  then  be  further  subdivided  into  Nuda  (Gymnamoebae),  with 
naked  protoplasm,  and  Testiicea  (Thecamceba?),  provided  with  a  shell. 

1.  The  lieticulosa,  sometimes  classified  as  a  special  subclass  under 
the  name  Proteomyxa,  comprise  the  naked  amteboid  forms  characterised 
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bv  slender,  filamentous,  usually  net-like  pseudopodia.  The  Keticulosa  do 
not  include  any  forms  of  special  interest  to  medicine,  as  parasites  of  man  or 
other  aninuds.  One  of  them,  however,  belonging  to  the  family  Zoof^porida', 
namely  the  well-known  parasite  of  cabbage  plants,  IHasmodiophora  hrasi^iccF 
Woronin,  deserves  mention,  as  it  has  figured  a  good  deal  in  recent  cancer 
researches,  and  its  intracellular  stages  in  the  roots  of  the  ca,bbage  have 
been  compared  with  the  well-known  "  Plimmer's  bodies "  in  cancer. 
PlasmOiUx/phom  attacks  any  species  of  the  genus  Brassica^  as  well  as  allied 
genera  of  Crucifera\  and  produces  pathological  growths  on  the  roots  in 
the  form  of  knotty  swellings.  The  cycle  begins  with  spores  from  which 
small  flagellulaj  are  set  free,  each  with  a  single  flagellum.  The  minute 
flagellulje  find  sufficient  moisture  to  swim  in  damp  earth  and  attack  and 
penetrate  the  roots,  becoming  small  ama?bulje  which  pass  into  the  cells 
of  the  parenchyma,  where  they  are  found  in  the  cell-sap,  several  in  each 
cell.  The  host-cells  multiply,  and  become  later  hypertrophied  and  of 
abnormally  large  size.  The  amcebulae  in  each  cell  fuse  together  to  form 
Plasmodia,  and  their  nuclei  multiply.  After  a  certain  number  of 
vegetative  divisions,  the  nuclei  of  the  plasmodium  enter  upon  the 
generative  phase  by  breaking  up  into  chromidia,  which  are  partly 
absorbed,  partly  reconcentrated  to  form  small  generative  nuclei.  These 
divide  by  karyokinesis  twice,  and  then  the  protoplasm  becomes  segmented 
round  the  nuclei  to  form  small  uninuclear  corpuscles,  the  gametes,  which 
fuse  in  pairs  in  an  autogamous  manner.  The  zygotes  become  surrounded 
by  a  tough  wall  to  form  the  very  numerous  minute  round  spores,  which 
are  set  free  by  decay  of  the  plant-tissue,  and  under  suitable  conditions 
liberate  the  minute  flagellulae  which  initiate  a  fresh  infection  and  a  new 
vegetative  cycle.  By  some  authorities  this  panisite  is  included  amongst 
the  Mycetozoa  (see  p.  21),  on  account  of  the  foimation  of  plasmodia. 

2.  The  Ix)l)osa  Nuda  comprise  the  various  genera  of  Amoebae,  such  as 
Amtehi,  and  allied  genera.  The  majority  of  them  are  free-living  forms, 
but  parasitic  amoebae  are  found  in  various  animals.  A  species  very 
easily  obtained  is  Aiiueha  hlaitiv  Biitschli,  found  almost  invariably  in  the 
proctodaeum  of  the  common  cockroach  (JUaita  (nifnialis). 

At  least  three  species  of  AmobiJ  are  internal  parasites  of  the  human 
IkxIv,*  and  have  been  given  the  generic  name  Eufanwha  \  a  genus  to  be 
defined,  however,  only  by  a  parasitic  habit  of  life,  and  not  by  structural 
characteristics,  unless  the  absence  of  a  contractile  vacuole  is  to  be  con- 
sidered a  diagnostic  feature.  Two  of  the  species  in  question  appear  to 
])e  i)erfeetly  hamiless  to  their  hosts,  and  are  perhaps  to  be  regar(le<l 
jis  commensals  rather  than  parasites :  these  are  Arna'ha  coli  Liisch, 
occurring  chiefly  in  the  anterior  part  of  the  large  intestine,  and  A.  hwralis 
Prowazek,  from  the  mouth  of  persons  sutl'ering  from  dental  caries. 
The  third  human  species  of  Auneha  is  pathogenetic  in  its  action,  and  has 
]>een  named  by  Schaudirui  (74)  EnUimceha  Instol/ffira  ;  it  is  regarded  as 
the  caiLse  of  tropical  dysentery.     (See  article   "  Aniwbic   Dysentery. '') 

'  Many  more  species  of  doubtful  validity  have  been  described  and  uamed.     See  Dofleiu 
(22)  an-l  Braim  (8). 
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It  occurs  not  only  in  all  parts  of  the  intestine,  but  may  also  penetrate 
the  liver,  stomach,  kidneys,  etc.,  causing  abscesses  in  these  organs. 
Aimeha  histolytica  has  commonly  been  confused  with  Aiiueha  coli;  but 
according  to  Schaudinn  they  not  only  differ  totally  in  their  life-cycles, 
but  they  are  distinguishable  by  the  following  characters  (comjmre  also 
Verdun,  93).  In  Ama'ha  coli  (Fig.  1)  the  ectoplasm  is  not  visible  as  a 
distinct  layer,  except  during  the  formation  of  a  pseudopodium,  when  it 
appeiirs  i\&  a  hyaline  projection  of  the  surface,  into  which  the  granular 
endoplasm  flows  ;  in  consequence  the  pseudopodia  are  soft  and  fluid.  Its 
nucleus  is  large,  sub-central  in  position,  and,  being  rich  in  chromatin,  stains 
deeply  in  preparations.  In  Arrmha  hist^h/tica  (Fig.  2),  on  the  other  hand, 
the  ectoplasm  forms  a  distinct  superficial  layer,  and  the  pseudopodia  not 
only  grow  out  from  it,  but  are  formed  entirely  by  the  hyaline  substiince 
of  the  ectoplasmic  layer;  hence  the  pseudopodia  of  this  form  are  more  tough 
and  rigid  in  consistence.  The  nucleus  is  small  and  very  poor  in  chromatin, 
hence  staining  with  difficulty,  and  in  position  it  is  excentric  or  even 
superficial,  appearing  sometimes  as  if  flattened  out  against  the  ectoplasnL 
Finally,  in  Avuiiba  huccali%  according  to  Prowazek  (65),  the  characters  of 
the  protoplasm  resemble  those  of  A,  histolytica  in  the  presence  of  a 
distinct  ectoplasm,  of  which  also  the  pseudopodia  are  entirely  composed, 
but  the  nucleus  is  large  and  more  or  less  central  in  position,  as  in  A.  coli, 
though  at  the  same  time  poor  in  chromatin.  Schaudinn  considers  that 
the  properties  of  the  two  intestinal  amoebai  are  correlated  with  the 
peculiarities  of  their  protoplasm.  Anwha  coli,  with  its  soft,  semi-fluid 
pseudopodia,  is  unable  to  force  its  way  into  the  epithelial  cells  of  the 
gut,  and  nourishes  itself  on  bacteria  and  various  substances  contained 
in  the  iut<3stines.  A,  histolytica,  on  the  other  hand,  with  its  tougher 
pseudopodia,  is  able  to  attack  the  epithelial  cells  and  to  penetrate  into 
the  submucous  tissues,  where  it  causes  ulcers,  nourishing  itself  on  tissue- 
elements,  blood-corpuscles,  etc.  Amcehu  buccalis  feeds  chiefly  on  leucocytes, 
l)acteria,  etc.,  in  carious  teeth. 

The  life -cycles  of  Ama'ha  coli  and  A.  histolytica  have  recently  been 
studied  by  Schaudinn  (74).  The  development  is  very  different  in  the 
two  cases. 

Amaha  coli  (Fig.  1 ) multiplies  in  the  large  intestine  by  binary  fission  of 
the  onlinary  kind,  and  also  by  a  rapid  process  of  multiple  fission  (Fig.  1,  G) 
to  form  eight  small  amoebai  which  wander  off,  feed,  and  grow.  In  this 
way  is  explained  the  great  disparity  of  size,  varying  between  eight  and 
50  /A  in  diameter,  observed  ])etween  different  ama?ba>  of  this  species. 
The  "  vegetative"  reproduction  by  these  two  kinds  of  fission  goes  on  for 
a  vai'iable  time,  lasting  longer  when  the  fa?ces  are  more  fluid,  but  soon 
coming  to  an  end  when  the  fivccs  become  hard.  Then  the  amoeba 
becomes  encysted  and  passes  out  of  the  gut.  The  cy^t  is  at  fii-st  only 
a  delicate  gelatinous  envelope,  within  which  the  sexual  cycle  begins  its 
course,  l^^ich  cyst  contains  a  single  uninuclc^ite  arao'ba,  the  nucleus  of 
which  divides  into  two,  each  daughter-nucleus  going  to  ()])positc  poles  of 
the  cyst,  and  then  the  protoplasm  becomes  partially  divided  into  two 
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masses  centred  round  each  of  the  nuclei.  Each  nucleus  now  )>ecome3 
partially  or  entirely  resolved  into  chroniidia,  some  of  which,  together 
with  the  remains,  if  any,  of  the  original  nucleus,  are  alworbed  or  oiat  out. 
From  the  remaining  chromidia  of  each  mass  of  proto|)lasm  a  new  nucleus 
if)  fi>rme<I,  and  the  reconstituted  nuclei,  which  may  be  regarded  as  com- 
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posed  of  generative  chromnttn.  proceed  to  uurloi^o  further  reduction. 
Each  i]ivi<les  into  two,  and  one  half  of  each  is  absorbed  or  cast  out  iis  a 
polar  iKidy  :  the  remaining  nucleus  divides  again,  and  again  one  half  is 
rejected.  When  this  process  of  maturation  is  completc<l  the  delicate 
gelatinous  envelope  becomes  reinforcud  by  the  seci-etion  internal  to  it  of 
a  thick  cyst-wall,  and  the  contiiine<)  protoplasm  shrinks  to  some  ext(-rit, 
the  two  partially  distinct  portions  fusing  into  a  single  mass,  in  which  are 


sysr£:]r  of  medicine 


seen  the  two  matured  generative  nuclei.  Each  of  these  nuclei  no«- 
dividcs  into  a  pair  of  da  lighter- nuclei,  which  may  Iw  distinguished  from 
one  another  as  the  active  and  passive  pronuclei.  The  active  pronucleus 
of  each  pair  moves  across  the  body  and  fuses  with  the  i«ts»ive  pronucleus 
of  the  other  piiir,  sfi  that  now  the  cyat  contains  two  zygote-nuclei  oi- 
syiikarya.  Each  synkaryon  divides  into  four,  so  that  the  entire  cyst 
contains  eight  nuclei.  At  this  stage  the  cyst  requires  to  be  swallowed 
by  a  fresh  host.  If  that  occnr,  the  contents  escape  in  the  large  intestine 
of  the  host,  and  the  protoplasm  divides  up  round  the  eight  nuclei  to 
fomi  eight  small  amwbte  (Fig.  1,  H),  which,  just  as  in  schizogony,  start 
on  the  vegetative  phase  and  thus  complete  the  life-cycle. 

Amrxhi,  kisfol;/tka  (Fig.  2)  multiplies  in  the  acti^'e  condition  Iwth  by 
binary  fission  and  by  a  process  of 
irregular  gemmation.  In  the 
latter  case  multiple  nuclear 
division  leads  to  the  formation 
of  small  in(li\'tduals  constricted 
oft'  from  the  surface  of  the  parent 
animal,  the  number  thus  foi'med 
being  indefinite,  in  contrast  to 
the  definite  luimber  of  eight 
formed  bj-  schizogony  in  Amahu 
cdi.  The  average  size  of  a  full- 
grown  individual  vanes  between 
25  and  30  n  in  diameter,  with 
a  nneleus  of  4-6  p  in  diameter. 
Wlien  the  conditions  are  un- 
favourable for  continued  vege- 
tative activity,  as  for  instance 
when  the  pi-oeess  of  healing 
commences  in  the  host,  the  foima- 
tion  l)egins  of  resisUtnt  phases, 
not  however,  of  cysts  in  this 
case,  but  of  spores.  The  nucleus 
iiMalFrtv^Uo^i'  first  gives  off  chi'oniidia  into  the 
™i  thiw!  biwlj'?  protoplasm,  after  which  the 
I  of  ivmn  tmi  ih<-   remains     of     the     nneleus    are 
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rejecteil.  The  chronudia  collect 
near  the  surface  of  the  body,  and 
the  ectoplasm  gruus  out  into  little  elevations,  each  containing  numerous 
chromidia,  which  undcT'go  seiutration  from  the  jmrcnt  body  as  small 
spheres  of  protoplasm,  destined  to  become  the  spores.  The  remainder  of 
the  amo'lja  degeneiiites.  The  spores  become  surrounded  liy  a  tough 
yellowish -brown  envelope,  which  prevents  further  study  of  the  nuclear 
substance  contained  in  them.  It  has  liceri  shewn  I'xperimcntally  that 
dy8eHt«ry  can  be  pi'oduced  in  cats  fed  with  material  containing  dried 
spores,  great  numbers  of  amiwbw  making  their  appearance  in  the  intestine 
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and  fieees.  Only  the  spores,  however,  can  communicate  the  infection  in 
feetling  experiments.  The  details  of  the  development  of  the  spores  are 
not  known  ;  possibly  they  may  set  free  some  form  of  swarm-spore  which 
represents  the  gamete-phase  and  goes  through  a  process  of  conjugation 
in  the  new  host,  but  nothing  is  known  of  conjugation  in  the  life-cycle. 

In  Aiiu\:ha  hucmlk  Prowazek  has  observed  multiplication  by  binary 
tission,  and  also  a  break-up  of  the  nucleus  into  chromidia,  followed  by  an 
apparent  resolution  of  the  protoplasmic  body  into  small  spherical  bodies, 
perhaps  a  process  of  spore-formation  as  in  A,  hhiohjika. 

Before  leaving  the  subject  of  the  human  parasitic  ama'boe,  mention 
must  be  made  of  the  peculiar  bodies  found  in  the  ascitic  fluid  which 
JSchaudinn  regards  as  independent  amoeboid  organisms  and  has  named 
Ltijthnia  fjeuimipara.  The  nature  of  these  bodies  must  be  considered 
very  doubtful  for  the  present.  For  fuller  information  with  regard  to 
them  see  Doflein  (22)  and  Braun  (8). 

The  peculiar  organism  which  Castellani  has  described  from  the  human 
intestine  under  the  name  Entamoha  vnthilans  is  cortiunly  in  no  way 
related  to  the  forms  dealt  with  in  the  foregoing  paragraphs.  It  is 
described  as  having  an  oval  body  with  an  undidating  membrane,  and  as 
protruding  from  time  to  time  a  single  long  narrow  pseudopodium,  some- 
times from  one  part  of  the  body,  sometimes  from  another.  It  is  probably 
a  phase*  normal  or  abnormal,  of  some  species  of  intestinal  flagellate. 

3.  The  I^bosa  Testacea  {ArrelUim  Biitschli)  comprise  a  number  of 
genera,  mostly  of  fresh -water  habitat,  characterised  by  the  posses- 
sion of  a  shell  with  a  large  aperture,  through  which  the  protoplasm  sends 
out  lobose  pseudopodia.     None  of  them  are  known  as  parasites. 

Subclass  II. — Fonuninifenh^^The  forms  comprised  in  this  order  are 
characterise<l  by  filamentous,  usually  very  reticulate  pseudopodia,  and  by 
the  possession  of  a  shell  or  test,  most  variable  as  regards  material,  but 
more  usually  calcareous,  and  shewing  also  the  greatest  possible  variety 
in  form,  but  always  possessing  at  one  pole  a  large  aperture  through 
which  the  protoplasm  streams  out  or  is  retracted  into  the  shell.  They 
are  mainly  of  marine  habiUit,  very  beautiful  and  interesting  in  them- 
selves, but  having  no  special  claim  to  consideration  on  the  i)art  of  the 
medical  man.  One  order,  however,  the  Gromiidea,  deserves  mention 
here  for  two  reasons.  First,  the  forms  comprised  in  this  order,  mostly 
of  fresh-water  habitat,  approach  very  closely  to  some  of  the  Testacea  and 
shew  that  the  line  of  demarcation  between  Amcvlia^a  and  Foraminifera  is 
a  very  artificial  one.  Thus  Ewjhjpha  (Foraminifer)  and  IHfHm/ia  (testaceous 
amoeba)  scarcely  differ  in  any  important  point  of  structure,  except  that 
the  former  has  filamentous,  the  latter  lobose  pseudopodia.  Secondly, 
one  member  of  this  family,  though  not  exactly  a  human  parasite,  comes 
into  relations  with  man ;  this  is  Chlnmiidophrm  strrcomi  Cienkowsky 
(Flaiouni  stercorcmn)y  found  in  the  fieces  of  man,  various  mannnals,  and 
other  vertel)rates  (Fig.  3).  The  reproduction  of  ChUuiujdophrjjs  t^fercorea 
has  been  investigated  by  Schaudinn  (74). 

Subcla.ss  III, — Mtjcetozoa  seu  Mi/jcmif/cete.^. — The  forms  comprised  in 
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this  onler  may  l>e  regarded  as  Sarcodina  adapted  to  a  aemi-terrestrial  life, 

living  in  moist  places  such  as  damp  bark,  decaying  animal  or  vegetable 

matter,  dung.     In  consequence  they  have  many  peculiar  features,  including 

a  process  of  multiplication  by  spores, 

which    led   to  their  being    classed 

formerly  as  fungi. 

Subclasses  IV.  and  V.— ISe 
Hdiozcaand  Hiutii/laria. — The  Sarco- 
dina comprised  in  these  two  groups 
are  typically  floating  forms,  of 
marine  or  fresh-water  habitat,  in 
which  the  body  is  of  spherical  form, 
and  sends  out  slender  radiating 
pseudopodia,  which  arc  usually  stiff 
and  do  not  bi-anch.  An  internal 
-  £r  spicujar  skeleton  may  be  present  or 
absent.  Since  the  members  of  these 
subclasses  are  not  known  as 
parasites,  and  are  not,  it  may  be 
added,  at  all  likely  to  be  foimd 
living  under  such  conditions,  the 
reader  desirous  of  further  informa- 
■^i«Il"\V.™™^rtirKV^™i^,',  nuTrtii"!  t'on  ■'^'x'"*  them  is  referred  to  the 
rt.  .1.-11:  ■  W  rhrn>i.i.i^  i.iim,ui.iinK  thp  Urgcr  treatises. 

Qass  II. — Hasttgophora. — Protozoa  in  which  one  or  more  permanent 
organs  serving  for  locomotion  or  for  capture  of  food  are  present  in  the 
adult  ill  the  form  of  flagella. 

A  typical  individual  of  the  class  Mastigophora  is  of  small  size,  often 
excessively  minute,  rarely  visible  to  the  naked  eye,  and  never  equalling 
the  relatively  gigantic  proportions  attained  by  many  Sareotlina.  There 
is,  however,  a  pronounced  tendency  to  colony -formation  in  this  class,  and 
the  colonies  may  reach  a  considerable  size.  ^^'hcther  as.se^Mrate  in- 
dividuals or  as  colonies,  the  Jrastigophora  may  lie  either  free-moving  or 
of  sessile  habit,  being  in  the  latter  case  attached  to  some  object  by  a 
portion  of  the  liodj',  which  may  be  drawn  out  into  a  stalk  or  peduncle. 

From  the  biological  point  of  view  the  Mastigophora  are  interesting, 
liecausc  every  known  mode  of  nutrition  occui-s  amongst  them.  Many 
species  are  even  cajtable  of  more  than  one  form  of  metalioliKm,  according 
to  the  circumstances  of  their  environment,  so  tliat  we  find  species  which 
may  Imi  holophytic  in  some  circumsHinces  and  holozoic  or  saprophytic  in 
others.  In  most  cases,  however,  a  given  species  is  irrevocably  committed 
to  either  the  holozoic,  sjtprophytic,  or  parasitic  mo<Ie  of  life. 

The  I>ody  shews  variations  of  form  and  habit  depending  on  differences 
in  stnicture.  In  a  few  cases  the  protoplasm  is  finite  naked  at  the  surface, 
lis  in  the  Siu-codina,  and  the  Ixxly  is  amoeboid,  with  a  more  or  less  distinct 
division  of  its  substance  into  ectopkism  and  endoplasm.     In  the  great 
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majority  of  cases,  however,  the  surface  of  the  body  is  either  limited  by  a 
cuticle  or  peripla;si,  representing  a  differentiation  of  the  most  superficial 
la\'er  of  the  protoplasm,  or  is  enclosed  in  a  more  or  less  rigid  secreted 
membrane  or  envelope ;  in  both  cases  a  differentiation  of  the  body  into 
ectoplasm  and  endoplasm  is  absent.  The  periplast  may  be  extremely 
thin,  permitting  changes  in  body-form  which  are  due  to  contractility,  and 
manifest  themselves  in  so-called  euglenoid  movements,  i.e,  ring- like 
contractions  or  swellings  of  the  body  passing  along  from  one  extremity 
to  the  other  in  a  peristaltic  manner.  Such  forms  are  termed  metaholk, 
III  most  cases,  however,  the  body  has  a  definite  contour,  which  may  be 
combined  with  gre^it  flexibility,  or  with  more  or  less  complete  rigidity  of 
form.  When  a  secreted  envelope  is  present,  it  may  take  the  form  of  a 
tost  or  house  standing  off  from  the  body,  or  of  a  cell-membrane  in  contact 
with  the  suijerficial  protoplasm.  The  holozoic  Mastigophora,  which 
absorb  solid  food-particles,  may  do  so  at  any  point  of  the  body-surface, 
or  at  a  particular  region  or  spot,  which  then  may  be  marked  by  a  definite 
and  constant  aperture  or  cell-mouth  (cytostome).  The  cell-mouth  leads 
usually  into  a  short  tube  or  osophagii.s  which  ends  blindly  in  the  body 
protoplasm.  In  holophytic,  saprophytic,  and  parasitic  forms,  nourishment 
is  absorbed  by  diffusion  through  the  superficial  layer  of  the  body,  and  a 
niouth-ap|xiratus  is  either  entirely  absent,  or  is  retained  in  some  of  the 
free-living  species  as  an  excurrent  duct  and  aperture  for  the  contractile 
vacuoles. 

Great  external  differences  in  .ippearance  between  different  Mastigo- 
phora  are  produced  by  the  manifold  variations  in  the  number,  form, 
and  arrangement  of  the  fiagella.  Commencing  A\nth  the  simplest  case,  in 
which  but  a  single  fiagellum  is  present,  it  is  usually  situated  at  the 
extremity  of  the  body  which  is  anterior  in  movement,  and  acts  as  a 
IrncteUnm  ;  that  is  to  say,  it  i)erforms  peculiar  lashing  movements  by  which 
the  body,  if  free-swimming,  is  dragged  after  it,  generally  in  a  more  or 
less  jerky  manner.  In  fixed  forms  the  result  of  these  movements  is  to 
cause  a  current  of  water  towards  the  base  of  the  fiagellum,  so  that  solid 
I>articles  suspended  in  the  water  are  made  to  impinge  upon  the  body  in 
this  region.  In  a  few  cases,  however,  the  fiagellum  is  said  to  act  as  a 
ptilsellum — that  is  to  say,  to  be  situated  at  the  pole  of  the  body  which  is 
posterior  in  movement  and  to  propel  the  body  forward,  like  the  tail  of  a 
spermatozoon.  The  condition  with  a  single  fiagellum  is  termed  imnio- 
nuistigote.  There  may,  however,  be  two  fiagella  (<fhganiasfig<fk)  or  more 
than  two  (p»If/masflgofr).  When  there  are  two  or  more  fiagella,  they 
may  be  arranged  in  various  ways,  of  which  the  following  are  some  of  the 
more  important  types: — In  (1 )  the  paramadigoie  condition  a  small  accessory 
tlagelhnn  is  inserted  by  the  side  of  a  larger,  forwanlly  directed,  principal 
fiagellum.  In  (2)  the  heteroiiMnHgotc  condition  (Fig.  4),  one  or  more  ^  fiagella 
project  forwards  from  the  anterior  termination  of  the  body,  and  another 

^  Tlie  term  httfroumsiltjotr  is  generally  restricted  to  the  eouilition  in  whi(  h  only  two 
tlagella  are  present,  but  is  equally  applicable  to  the  forms,  such  as  Trichomuxtix  and 
TricJwmuiMJi^  in  which  more  than  two  tla^ella  occur. 
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flagellum  arises  at  or  near  the  origin  of  the  forwardly  directed  flagella, 
but  is  directed  backwards,  rnnnirig  close  along  the  body-surface  to  the 
posterior  end,  and  there  projecting  freely  beyond  the  body  to  a  greater  or 
less  extent,  l)eing  as  a  rule  longer  than  the  anterior  tlagella.  In  this 
arrangement  the  anterior  flagella  have  the  usual  whip -like  movements 
and  act  as  traetella  ("  Peitschengeissel,"  lashing  flagella).  On  the  other 
hand,  the  backwardly  directed  flagellum  performs  undulating,  wave-like 
movements,  and  appears  to  be  an  organ  more  for  a  creeping  than  for  a 
swimming  mode  of  locomotion  ;  it  is  placed  on  the  side  of  the  body  in 
contact  with  some  solid  surface,  and  by  its  movements  causes  the  body  to 
glide  alonii  ("Schleppgeissel,"  trailing  flagellum).  In  (3)  the  isomusligote 
condition  there  are  two  flagella,  arising  together  at  the  anterior  pole,  which 
are  equal  in  size  and  similar  in  orientation.  In  (4)  the  holomnstifjofe  con- 
dition tliero  are  numerous  flagella  scattered  evenly  over  the  body,  a 
condition  only  known,  however,  in  one  genus. 

In  addition  to  a  flagellum,  the  body  may  bear  on  the  exterior  a 
structure  termed  an  umlulaiing  memhraiiey  as  in  the  well-known  genus 
Tnjpnmsoma  (Fig.  C;,  that  is  to  siiy,  a  protoplasmic  membrane  running  along 
the  body  like  a  fin,  which  by  its  contractility  can  perform  undulating  move- 
ments like  those  of  a  sail  flapping  in  the  wind,  or,  better  still,  like  the 
waves  of  movement  that  can  be  seen  in  the  tail-fin  of  an  eel  or  the  dorsad 
^n  of  a  pipe-fish  (Syngnathus).  Undulating  membranes  are  found  chiefly, 
if  not  exclusively,  in  parasitic  forms,  and  are  perhaps  to  be  regarded  ajs 
organs  adapted  for  locomotion  in  a  medium  containing  many  solid  bo<lios 
or  particles  in  suspension,  as  in  the  blood  or  the  contents  of  the  intestine. 
The  origin  of  the  undulating  membrane  is  probably  to  be  sought  in  the 
heteromastigote  condition  above  described,  as  a  web  or  keel  of  contractile 
protoplasm  uniting  a  primitively  free,  gliding  flagellum  to  the  surface  of 
the  body.  There  are  many  parallel  cases  which  indicate  such  an  origin. 
Thus,  in  the  genus  TrUhonvuiir  the  body  has  three  anterior  flagella  and 
a  posteriorly  directed  gliding  flagellum.  In  the  closely  allied  genus 
Trirhomonas  (Figs.  29,  30)  the  arrangement  of  the  flagella  is  similar,  but  the 
gliding  flagellum  forms  the  free  edge  of  an  undulating  membrane,  just 
as  does  the  single  flagellum  of  Irf/jHinosoma,  The  relation  of  undulating 
membranes  to  flagella  is  an  im])ortant  point  in  considering  the  affinities 
of  forms  possessing  these  structures,  and  will  be  discussed  further  in 
describing  the  structure  of  Tr/fjHtnosomn  (p.  29).  The  ])eculiar  forms 
grouped  in  the  order  Choanoflagellata  are  remjirkable  for  the  i)ossession 
of  a  structure  termed  a  collar,  a  protoplasmic  membrane  Avhich  forms  a 
hollow  tube  enclosing  the  basal  portion  of  the  flagellum. 

The  protoplasmic  body  of  the  Mastigophora  invariably  contains  a 
distinct  nucleus,  and  commonly  also  other  structures  of  various  kinds, 
which  will  be  dealt  with  first.  FocKl-vacuoles  are  found  in  holozoic  fonns. 
They  may  arise  at  any  point  of  the  body,  but  where  there  is  a  definite 
mouth -apparatus  they  are  fomied  at  the  base  of  the  (esophagus.  Con- 
tractile vacuoles  are  commonlv  found,  but  are  toudlv  absent  in  some 
ptirasitic  forms,  such  as   'Jri/jKUiosoma.      In  its  highest  elaboration,  seen 
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in  such  a  form  as  Eu(/lena,  the  vacuole-system  consists  of  a  number  of 
snuill  conti-actile  vacuoles  which  empty  themselves  into  a  single  large 
vacuole  or  reservoir,  which  in  its  turn  evacuates  its  contents  into  the 
iKSophagus. 

A  number  of  cell-organs  are  to  be  seen  in  holophytic  forms,  which  can 
only  \*e  mentioned  very  briefly  here,  as  they  are  not  found  in  any  known 
iiarasitic  forms.  Such  are  (1)  chroma hphores^  bodies  impregnated  with  a 
pigment,  usually  green  and  of  the  nature  of  chlorophyl,  the  means  by 
which  the  organism  carries  on  its  plant-like  nutrition ;  (2)  pijrenoids, 
refringent  boiiies  in  the  chromatophores,  usually  covered  by  a  sheath  of 
amyloid  subst^mce  formed  by  the  constructive  holophytic  metabolism ; 
{?})  pnraiuyUua-lxuVu's,  masses  of  a  substance  allied  to  starch;  and  (4) 
sfi*ftn(ffa,  minute  bodies  impregnated  with  a  red  pigment,  hjematochrome, 
a  single  stigma  l)eing  usually  found  attached  to  the  (esophagus  near  the 
base  of  the  flagellum.  It  is  probable  that  the  stigma  is  the  seat  of  the 
sensitiveness  to  light  that  is  so  marked  a  feature  of  many  flagellates. 
In  some  forms  the  whole  body  is  coloured  red  by  hai-matochrome  pigment 
contained  in  minute  oily  particles  scattered  over  the  whole  surface  of  the 
lody.  Such  rtd-bodied  species  are  sometimes  so  abundant  as  to  impart 
a  re<l  colour  to  the  water  in  which  they  live. 

In  addition  to  the  cell-organs  already  enumerated,  the  protoplasm 
may  contain  various  granules  and  enclosures,  probably  of  metaplastic 
nature. 

The  nucleiir  apparatus  of  the  Mastigophora  is  always  in  relation  with 
the  locomotor  aj)i)aratus.  In  the  simplest  cases  the  flagelhun  or  flagella 
arise  direct  from  the  nucleus  itself,  as  in  Tnchomouas  (Fig.  29).  In 
otlier  cases  the  flagellum  arises  from  an  intermediate  body  or  zygoplast 
^Prowazek)  which  is  connected  with  the  principal  nucleus  by  a  fllament. 
But  in  many,  perhaps  in  most,  cases  the  flagellum  arises  independently 
of  the  principid  or  trophic  nucleus  from  a  small,  usually  minute,  kinetic 
nucleus,  the  blepharoplast.  This  subdivision  of  the  nucleus  in  Mastigo- 
phora into  trophic  and  kinetic  portions  must  on  no  account  be  confused 
with  the  subdivision  into  micronucleus  and  macronucleus  seen  in  the 
Infusoria,  since  in  the  latter  the  micronucleus  represents  generative  or 
sexual  chromatin,  the  macronucleus  vegetative  chromatin.  Ajiart  from 
the  above-mentioned  subdivision  of  the  nuclwir  apparatus,  the  Mastigo- 
phora are  never  multinucleate — that  is  to  say,  there  is  never  more  than 
one  principal  nucleus,  except,  of  course,  when  the  preparations  for  repro- 
duction are  commencing.  The  principal  nucleus  varies  in  structure,  but 
most  usually  contains  a  distinct  nuclear  corpuscle  or  karyosome.  C'hromidia 
are  generally  absent,  but  a  single  large  chromidium  has  been  observed  ])y 
Prowazek  in  the  gamete-producing  forms  of  J'unJo  lorerfo'.  The  blepharo- 
phist  appears  usually  homogeneous,  but  in  some  cases  is  described  as 
having  diff*erentiated  central  and  peripheral  portions.  Where  there  are 
more  flagella  than  one,  their  blepharoplasts  may  be  fused  into  a  rod-like 
structure. 

The  reproduction  of  the  Mastigophora,  considered  generally,  is  on  the 


20  SYSTEM  OF  MEDICINE 


HuiiK^  lincM  as  that  of  the  Sarcodina — that  is  to  say,  multiplication  by 
fiHsioii  in  the  free,  active  condition,  and  sporulation  in  the  resting  stage, 
UHnnlly  within  a  cyst,  are  both  found,  the  latter  method  generally  con- 
ihmUmI  witli  conjugation.  Multiplication  by  fission  is  invariably  of  the 
niinphi  bifiaiy  type,  and  almost  always  longitudinal  to  the  principal  axis 
of  !  hn  body.  The  division  commences  with  that  of  nucleus  and  blepharo- 
phiMt,  Hfid  following  the  latter  the  flagellum,  if  single,  either  becomes 
dividod  aJHo,  or  a  new  flagellum  is  formed  by  the  side  of  the  old  one. 
Otlinr  iUill-orj^Jiiis,  if  present,  may  either  undergo  reduplication  by  fission 
or  l)(U!oriH!  n;-foi-med  in  one  of  the  two  daughter-individuals.  The  nucleus 
tiiiiy  divide  directly  or  by  a  simple  form  of  karyokinesis  in  which  the 
kiiryoHorno  plays  a  part  analogous  to  that  of  the  centrosome  in  Metazoa. 

Sporulation  during  the  resting  state  is  of  frequent  occurrence,  especially 
ill  l\\i^  larger,  more  specialised  forms,  such  as  the  marine  NoctUuca  or  the 
(♦ominofi  frcHh- water  Euglena.  The  swarm-spores  liberated  are  always 
nugiOluhf,  which  may,  however,  differ  markedly  from  the  parent-form. 
An  ani(i*bula  stage,  if  it  occurs  at  all,  is  extremely  rare.  As  in  the  Sar- 
codina, the  swarm-spores  may  be  non-sexual  isospores  or  sexual  anisospores. 

The  details  of  conjugation,  and  the  preparations  for  it,  are  very 
inadequately  known  in  this  group,  and  it  is  very  difficult  at  present  to 
iriako  generalisations,  but  so  far  as  our  knowledge  extends  the  types  of 
conjugation  are  as  follows.  The  most  primitive  method  is  union,  ending 
in  complete  fusion  of  nucleus  and  cytoplasm,  between  two  individuals  not 
diflfering  either  from  one  another  or  from  the  ordinary  individuals  of  the 
species,  except  in  so  far  as  their  nuclei  may  have  undergone  processes  of 
maturation  by  elimination  of  nuclear  substance.  This  method  is  found 
amongst  the  simpler,  more  minute  forms,  and  is  frequently  accompanied 
by  formation  of  a  cyst  round  the  two  conjugating  individuals,  and  sub- 
sequent rapid  multiplication  of  the  zygote  to  form  numerous  small 
individuals  which  are  set  free.  Conjugation  between  ordinary  indi- 
viduals occurs  also  in  the  large  marine  genus  NoctUuca,  where  it  is  of  a 
complicated  type  and  is  followed  by  active  sporulation.  The  next  step 
in  complication  is  that  the  conjugating  individuals  are  more  or  less 
differentiated  lK)th  from  one  another  and  from  the  ordinary  or  indifferent 
individuals  of  the  species,  differing  in  characters  of  body-structure  and 
cytoplasmic  detail,  as  well  as  in  the  constitution  of  the  nucleus,  which 
undergoes  a  process  of  maturation  of  the  usual  type.  Such  a  condition 
is  found  in  the  few  cases  where  conjugation  has  been  observed  in 
Trypaiwsojruij  and  the  resulting  zygote  is  described  as  at  first  without 
blepharoplast  or  flagellar  apparatus,  the  former  being  foi-med  anew  from 
the  synkaryon. 

Finally,  in  the  more  highly  specialised  Mastigophora,  both  free-living 
and  parasitic,  a  process  of  sporulation  produces  individuals  which  may  be 
either  male,  female,  or  indifferent,  that  is  to  say  non-sexual,  in  structural 
characters  and  in  function.  The  male  and  female  forms  conjugate,  while 
the  indifferent  forms  develop  without  conjugation  into  the  adult  fomi. 
By  specialisation  of  the  gametes,  resembling  that  seen  amongst  Coccidia 
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and  Hiemosporidia,  the  male  gametes  produced  from  a  mother-cell  or 
gametocyte  may  be  very  numerous  and  minute ;  while  the  female 
gametes,  on  the  contrary,  are  bulky  and  inactive,  and  do  not  arise  by 
division  of  the  mother -cell,  but  each  gametocyte  becomes  simply  a 
female  gamete  after  certain  nuclear  changes,  the  process  of  sporulation 
being  in  abeyance.  The  extreme  of  differentiation  is  seen  when,  as  in 
many  Sarcodina  and  Sporozoa,  the  individuals  which  give  rise  by  sporula- 
tion to  the  indifferent  isospores  are  distinct  from  those  which  produce  the 
sexual  anisospores.  When  the  various  types  of  individual  are  combined 
in  a  colony,  as  in  Volrax,  we  find  (1)  individuals  which  produce  the 
isospores  or  so  called  parthenogonidia,  (2)  individuals  which  produce  male 
gametes  or  microgonidia,  and  (3)  individuals  which  become  the  female 
gametes  or  macrogonidia.  The  last-named  are  large  non-flagellated  indi- 
viduals resembling  Metazoan  ova. 

The  Mastigophora  are  divisible  into  four  subclasses: — (1)  Flagellata 
(Euflagellata),  which  may  be  defined  as  having  simply  the  characteristics 
of  the  class,  witliout  the  sj)ecial  characters  which  distinguish  the  following 
subclasses.  (2)  Dinoflagellata  or  Peridiniales  of  botanists,  an  abundant 
group  of  Mastigophora,  chiefly  marine,  in  which  there  are  typically  two 
flagella,  one  flagellum  running  for  a  short  distance  in  a  longitudinal 
groove  in  the  tough  body-envelope  and  then  projecting  freely  from  the 
bod}^  the  other  flagellum  running  round  the  body  in  a  circular  transverse 
groove.  The  movements  of  the  transverse  flagellum  have  a  certain 
resemblance,  at  first  sight,  to  those  of  a  ring  of  cilia,  for  which  the 
transverse  flagellum  was  originally  mistaken,  hence  the  group  was 
formerly  termed  Cilioflagellata.  The  nutrition  is  holophytic.  (3)  Cysto- 
flagellata  (Rhynchoflagellata),  to  include  the  marine  genera  Nociilucu  and 
Leptaliscns,  pelagic  forms  in  which  the  adventitiously  enlarged  body 
consists  chiefly  of  gelatinous  substance  with  a  relatively  small  amount  of 
protoplasm.  (4)  Silicoflagellata,  including  various  marine  genera  (Stej^Jiaiio- 
sphrera,  etc.)  parasitic  in  Radiolaria  and  having  a  peculiar  lattice-like 
silicious  skeleton.  Of  these  four  sub-classes,  only  the  Flagellata  possess 
special  medical  interest,  on  account  of  their  frequently  parasitic  habit,  and 
the  remaining  three  subclasses  need  not,  therefore,  be  further  dealt  with. 

The  Flagellata  are  an  exceedingly  abundant  group,  occupying  all 
possible  situations  in  life  where  sufficient  moisture  exists  to  float  their 
tiny  bo<lies,  and  are  differentiated  into  a  great  number  of  species  and 
genera.  At  present  but  little  is  known  of  their  complete  life-histories, 
even  in  the  cfise  of  the  very  commonest  forms.  Hence  it  is  scarcely 
possible  in  the  present  state  of  our  knowledge  to  form  conclusions  as  to 
the  true  affinities  and  inter-relationships  of  the  generic  t\'pes,  and  no  two 
authorities  agree  in  their  modes  of  classifying  them.  The  classification 
adopted  here  must  not  be  regarded,  therefore,  as  in  any  Avay  final,  but 
merely  as  a  temporarily  convenient  mode  of  gi'ouping  these  very  plastic 
organisms. 

The  Flagellata  are  commonly  divided  into : — (a)  CJwan-oflar/eJlata,  in 
which  the  flagellum    is   always  single  and  is  surrounded   at  the    base 
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l\v  oui\  sometimes  two,  collars.  This  group  contains  a  number  of 
mtoiVHting  free-living  forms,  mostly  occurring  in  fresh  water,  but,  as 
OuMv  HIV  no  jmrasitic  forms  known,  it  is  unnecessary  to  concern  ourselves 
lurihor  with  this  group  here.  (6)  Lissoflagellata,  in  which  the  flagellum 
mrtv  bo  single  or  multiple,  and  a  collar  is  not  present,  though  there  may  be 
{*u  \uululating  membrane.     The  Lissoflagellata  comprise  three  orders : — 

L  Momididea — foniis  usually  small  and  of  simple  structure,  with 
ouo  or  more  flagella,  with  or  \vithout  a  definite  region  of  the  body  at 
\>hioh  food  is  ingested,  but  in  any  case  without  a  distinct  oesophagus. 
i\>utnvotile  vacuole  if  present,  simple,  opening  direct  to  the  exterior. 
Williout  chromatophores,  stigmata,  pyrenoids,  etc.;  holozoic,  saprophytic, 
or  |mnv.sitic. 

*J.  Kuijleiwidimi  —  specialised  forms,  typically  with  definite  mouth- 
w|H>rl  ure  and  oesophagus,  with  complex  vacuole  -  system,  often  with 
ohiHiniatophores,  stigmata,  pyrenoids,  and  paramy I um- bodies ;  holozoic, 
hulophytic,  or  saprophytic.     Examples — Astasui,  Eitglena. 

l\,  Phytojlagelkda — exclusively  holophytic  forms  without  mouth  or 
n»«ophagu8,  with  chromatophores,  etc.  Examples  —  Chlamydamonas, 
/Wrar.  This  group  is  sometimes  placed  as  a  distinct  subclass  of  the 
MuHtigophora. 

All  forms  of  parasitic  fiagellata  hitherto  known  are  referred  to  the 
tlrnt  of  the  above-mentioned  orders,  namely,  the  Monadidea.  This  order 
luuy  bo  conveniently  subdivided  into  the  three  sub-orders  PantaMomina^ 
Pvotomistigma,  and  Polymastigimi. 

1.  The  sub-order  Paiiiastomina  differs  from  the  other  two  in  having 
ni)  specialised  region  of  the  body  for  the  ingestion  of  food,  which  is 
taken  in  at  any  point  on  the  surface.  It  includes  two  interesting  tyi)es 
«)f  structure :  first,  the  so-called  Holomastigoda,  represented  by  the  genus 
Multkilia  Lauterborn,  in  which  the  numerous  flagella  are  scattered  evenly 
over  the  surface  of  the  body ;  secondly,  the  Rhizomastigoda,  represented 
l>y  Mast ifja nucha  F.  E.  Schulze,  and  similar  forms,  in  which  the  body  is 
completely  amoeboid  and  bears  one  or  two  flagella.  No  parasitic  forms 
ure  known  as  yet  from  this  sub-order. 

2.  The  sub-order  Protomastigina  includes  forms  with  a  specialised 
region  for  the  ingestion  of  food — ^in  those  forms,  that  is  to  say,  in  which 
the  nutrition  consists  of  solid  food-particles  ingested  by  the  organism. 
The  flagella  are  not  more  than  two  in  number.  This  sub-order,  which 
contains  the  majority  of  parasitic  flagellata,  is  commonly  subdivided  into 
monomastigote,  paramastigote,  heteromastigote,  and  isomastigote  forms. 
The  artificiality  of  such  a  method  of  classification  is  seen  from  the  fact 
that  in  the  single  family  Tnjpanosmnatidce  it  is  necessary  to  include 
both  heteromastigote  and  monomastigote  forms.  Well-knoAvn  free-living 
examples  of  this  sub-order  are  the  genus  Momis  and  tlie  numerous  allied 
genera,  such  as  (Ecomonas,  Amphimonas,  etc.  The  heteromastigote  genus 
Ikfflo  includes  both  free  -  living  and  parasitic  forms ;  JJoilo  lace-rdp 
Blochmann  occurs  in  the  gut  of  lizanls,  and  to  the  same  genus  Kiinstler 
has  referred  a  biflagellate  species,  observed  by  him  in  a  single  case  from 
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Fig.  4. — JioAo  lena  Miill., 
a  five .  living  h»*tvro- 
niasti>?ot<»  fnnn ;  a, 
niiolfus ;  b,  contractile 
vaciu)le. 


human  urine,  under  the  name  2>.  vriiktria  (Plagiomojias  urinaria  Braun, 

Cijstomonas  urinaria  Blanchard).       The  most  important  parasitic    forms 

are   the  genus    Trt/panosoma  and   its    allies,   grouped 

together  as  the   family    Trypanosomatidiey   the   genus 

Sinrochcrta  and  allied  forms,  and  the  genera  Herpetomomis 

and  Crithidia. 

The     family    TrjrpanosomatidSB    (Tri/pajiosomidce 

Doflein)  has  been  founded  to  include  various  generic 

tj'pes,    of  which   the  most   important   are    the  well- 
known  genera  Tnjpanusoma  Gruby  and  Trij})anoplasma 

Lav.  et  Mesn.     A  feature  common  to  all  the  members 

of    the    family    is    the    possession  of   an  undulating 

membrane,  and  with  few  exceptions  they  are  haemato- 

zoic  in   habit,  that  is  to  say,  parasites  of  the  blood 

of  vertebrates,   occurring    always,   with    the  possible 

exception    noted    below   (p.   30),   free  in    the  blood- 

]>lasma,  and  never  within,  nor  attached  to,  the  blood-corpuscles. 

A  typicid  member  of  the  genus  Tryj^KUWSonm  (Fig.  G)  has  a  more  or 

less  spindle-shaped  body,  along  one  side  of  which  runs  the  undulating 

membrane.      At    or   near   one    extremity   of   the   body    is    placed    the 

blepharoplast  (micronucleus,  ccntrosome,  kinetonucleus,   basal   granule). 

The  flagellum  takes  origin  from  the  blepharoplast  or 
from  its  immediate  ncinity,  and  nms  from  this  point 
along  the  free  edge  of  the  undulating  membrane  to 
the  opposite  extremity  of  the  body,  whence  it  usually 
continues  its  course  as  a  free  flagellum  of  variable 
length.  The  flagellum  may,  however,  terminate  its 
course  with  the  undulating  membrane,  so  that  a  free 
fla^^ellum  is  absent.  In  either  case  it  is  convenient 
to  distinguish  the  two  extremities  of  the  body  as 
the  flagellar  and  the  antiflagellfir  ends  respectively. 
The  undulating  membrane  may  have  a  sinuous  course 
and  is  usually  much  pleated.  The  flagellum  in  its 
course  follows  all  the  sinuosities  of  the  margin  of  the 
membrane.  The  nucleus  (macronucleus,  trophonucleus) 
is  a  conspicuous  structure  placed  usually  near  the 
middle  of  the  body.  The  cytoplasm  may  contain 
various  granulations,  and  sometimes  a  vacuole  occurs 
in  the  vicinity  of  the  blepharoplast,  but  these  are 
features    Avhich  are    not   constant,  as  a    rule,  even  in 

^K'u"ii^^^'^"A*ft'e'J  '"^i^'i^^U'^^^s  of  the  same  species. 

In  Trypanoplasma  (Fig.  7)  the  blepharoplast  is  of 
considerable  size,  and  from  it  arise  two  flagella,  one  of 
which  projects  forward  as  a  free  anterior  flagellum,  while  the  other  runs 
V«ickwards  down  the  body  along  the  free  edge  of  the  undulating  mem- 
bmne,  as  in  Tnjpanosoma'.  The  arrangement  of  the  flagella  is  therefore 
heteromastigote,  and  only  diff*ers  from  such  a  type  as  Bvdo  in  that  the 
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posterior  flagellum  is  adherent  to  the  body  by  means  of  an  undulating 
membrane. 

A  moiphological  comparison  of  Trypanosmui  and  TnjpunopUisma  sug- 
gests at  once  that  the  single  flagelhim  of  the  former  represents  the 
posterior  flagelhim  of  the  latter,  in  which  case  the  flagellar  extremity 
of  a  Trypanosoma  is  to  be  regarded  as  posterior,  the  antiflagellar  end  as 
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anterior.  On  the  other  hand,  there  are  developmental  data  which 
indicate  a  morphological  interpretation  of  the  IhhIv  precisely  the 
opposite  to  the  foregoing.  In  a  nonual  TryjHUwsoinif  from  the  blood 
of  it?  vertobnite  host,  the  blepharoplast  is  always  nearer  to  the  anti- 
flagellar extremity  than  the  nucleus,  and  the  undulating  membrane 
extendi  along  the  greiiter  put  of  the  length  of  the  body  :  but  in  certain 
-developmental   forms  the  reverse  is  the  case,  the  blepharoplast  may  l>e 


sitiiiited  nearer  to  the  flngcllar  end  than  is  the  nucleus,  and  the  unduhiting 
mt^iubi'ano  may  be  shore,  extending  over  less  than  half  the  length  of  the 
body,  or  may  even  he  temporarily  absent.  Such  forms  otenr  both 
iiuturaliy  in  the  invertebrate  host  and  in  cultures ;  if  they  are  to  be 
inter|ireied  as  recapitulative  of  phylogeny,  they  indicate  a  derivation 
from  a  .VvniM-Iike  form  with  a  single  terminal  anterior  flagtihim,  the 
origin  of  which,  together  with  the  luisal  bicpliaroplast,  has  been  shifted 
backwiinls  along  the  body,  the  course  of  the  backward  migration-uf  the 
llagellnm  Iteiiig  marked  by  the  undulating  membrane.  According  to 
this  hypothesis  the  ttagellar  end  of  a  Trt/pnniwima  would  be  regarded  as 
morphologically  anterior,  which  is  the  view  taken  by  moat  writers. 

The  formation  of  a  flagcllum  in  a  trypanosome  has  been  described  in 
detail  by  Schaudinii  in  T.  ttoctute  (see  below,  p.  40).  From  this  author's 
observations  it  would  appear  to  follow  that  only  the  fi-oe  Hiigellnm  is  a 
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tnie  flagellum,  comparable  to  that  of  an  ordinary  monad,  while  the  marginal 
Hagelluni,  that  is  to  say  the  portion  which  forms  tlie  edge  of  the  undulat- 
ing tuembi-une,  is  a  structure  of  quite  different  nature,  derived  fi'om  the 
achromatic  spindle  of  a  nucleus  dividing  by  mitosis.  The  fit-'e  Hugellum 
grows  forward  from  a  centrosome-like  giamde,  anil  may  iheiefore  Iw 
regarded  as  anterior. 

Some  aulhora  are  of  opinion  that  among  trypnnosomes  two  morpho- 
logically distinct  types  iuc  to  be  found,  in  one  of  which  the  lingellum 
is  anterior,  while  in  the  other  it  is  posterior.  Thus,  Liihe  couaiders  the 
Irypanoaomes  of  fishes  to  be  derived  fi'om  7V'j/kr«o/i/«j:w('(.likc  forms  in 
which  the  {Kiaterior  flagellum  has  {^rsisied,  and  proposes  for  them  the 
generic  name  Ilieinntumoiim  Mitrophunow,  while  the  tryiwnosomcs  of 
mammals,  in  which  the  flagellum  is  regarded  as  anterior,  are  given  a  new 
generic  name,  TyijjifiHOZtiOn.  Similarly,  Woodcock  (t*8)  has  pi'oposed  the 
name  Trff/iawmorplia  for  T.  iwetuir,  in  which  the  flajrellum  is  regarded  as 
anterior,  while  iii  other  trypanosomes  he  i-egai-ds  it  as  jxisterior.     It  is 
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hardly  possible  at  the  present  time  to  pronounce  decisively  on  these 
questions,  but  from  a  comparative  morphological  standpoint  it  has  been 
pointed  out  above  that  there  are  analogies  from  other  flagellates  in 
favour  of  an  undulating  membrane  being  formed  by  adhesion  to  the 
body  of  a  posteriorly  directed  *'  Schleppgeissel."  Observations  on  actual 
movements  of  trypanosomes  do  not  help  much  towards  deciding  the 
point,  as  the  direction  in  which  the  body  moves  is  not  always  the  s«ime. 
In  th^  case  of  the  trypanosome  of  sleeping  sickness,  however,  1  was 
able  to  observe  that  when  free  from  contact  with  blood-corpuscles  and 
surrounding  objects  they  were  prone  to  move  with  the  flagellum 
forwards,  but  that  when  pushing  their  way  between  the  corpuscles 
in  narrow  spaces,  they  always  progressed  with  the  non -flagellated 
extremity  forwards,  using  the  flagellum  apparently  after  the  manner  of 
a  "Schleppgeissel." 

The  known  species  of  Trt/panoplasma  are  all  parasitic  in  the  blood 
of  fishes.  The  very  numerous  species  of  Tn/panosoma  are  all  primarily 
blood -parasites  in  vertebrates  of  all  classes,  but  they  have  the  power  in 
some  Cfises  of  passing  from  the  blood  into  the  lymph  or  other  serous 
fluids.  Another  genus  referred  to  this  family  is  Trij}mnophi$  Keysselitz, 
with  a  single  species  T.  grohheni  (Poche),  parasitic  on  certain  species  of 
Siphonophora  (marine  Hydrozoa).  Like  Trt/proioplasma,  Trypmiophk  has 
two  flfigella.  The  type-species  of  Trypanosoma  is  7\  rotatonum  (Amuba 
rotatoria  Mayer  =  Trypanosoma  sangninis  Gruby  -  Umlulina  ramirnm 
Lankester)  of  the  common  frog.  Liihe  has  proposed  to  retain  the  genus 
Trypanosoma  only  for  the  species  parasitic  in  cold-blooded  animals,  but 
the  name  is  used  in  this  article  in  the  wider  sense. 

The  majority  of  species  of  Trypan4)soma  are  not  harmful  to  their 
hosts ;  but  of  special  importance  is  a  group  of  species  occurring  in 
mammals,  and  in  many  cases  marlcedly  pathogenetic — such  are  T.  hrucii 
Plimmer  and  Bradford,  of  the  "Nagana"  disease  of  horses  and  cattle 
in  Africa  (Fig.  G,  B) ;  T.  equiperdmn  Doflein,  of  "Dourine"  in  horses; 
T,  evansi  Steel,  of  "Surra"'  in  horses  and  cattle;  T.  equinum  Voge.s  <^f 
"  Mai  (le  caderas  '  in  horses  in  South  America ;  and  lastly,  the  human 
trypanosomes  of  Gambia  fever  and  sleeping  sickness,  generally  re- 
garded as  the  same  species  under  the  name  T.  ffdinlrinu'.f  Dutton 
(Fig.  6,  C).  All  the  pathogenetic  species  just  mentioned  aiv  remarkable 
for  their  very  great  morphological  similarity,  which  lenders  them 
practically  indistinguishable  by  structural  characters,  and  it  has  been 
suggested  that  they  are  all  merel}'  races  of  a  single  species.  In  some 
of  the  pathogenetic  sj)ecies  it  has  been  clearly  proved  that  they  have 
natural  hosts  to  which,  by  mutual  adaptation,  they  are  harmless.  Thus 
T.  brndi  is  found  as  a  natur.il  ]\arasite  of  wild  game  (antelopes, 
buffaloes,  etc.)  in  its  native  haunts  in  Africa,  and  T.  Cf/niuuin  is  similarly 
a  natural  parasite  of  the  capybara  {Ilydrorhvrus)  in  South  America.  To 
discover  the  natural  host  of  the  tiypanosome  of  sleeping  sickness  is  one 
of  the  greatest  desiderata  in  the  study  of  the  etiology  of  this  disease. 

The  pathogenetic  properties  of  the  trypanosomes  mentioned  depend 
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upon  their  power  of  adapting  themselves  to  various  hosts  ;  that  is  to 
say,  when  transferred  either  by  biting  insects  or  by  artificial  inoculation 
to  certain  animals  other  than  those  in  which  they  naturally  occur,  they 
ilourish  exceedingly,  it  may  be  said  abnormally,  in  the  new  host,  and  so 
work  its  destruction.  An  instructive  comparison  is  furnished  in  this 
respect  by  the  non-pathogenetic  T,  lewisi  of  the  rat  (Fig.  6,  A).  When  rats 
are  inoculated  with  this  trypanosome,  the  parasites  multiply  rapidly  for 
about  eight  days,  then  cease  to  do  so,  and  pass  into  an  adult  resting 
stage,  which  gradually  dies  out,  after  which  the  rat  is  not  again 
susceptible  to  the  infection.  Moreover,  T.  lewisi  is  not  known  to  flourish 
in  any  other  animal  except  the  rat.  In  the  guinea-pig  it  can  maintain 
its  existence  for  a  certain  time,  but  does  not  multiply.  On  the  other 
hand,  when  T.  hrudi  of  **  Nagana  "  disease  (Fig.  6,  B)  is  introduced  into  the 
blood  of  a  rat,  it  multiplies  continually,  until  shortly  before  the  inevitable 
death  of  the  host  there  may  be  as  many  trypanosomes  as  red  corpuscles 
in  the  blood,  if  not  more ;  and  this  trypanosome  can  flourish  in  a  similar 
manner  in  many  other  mammalian  hosts.^ 

It  has  been  proved  that,  wiih  one  exception,  all  the  species  of  Trypano- 
soma and  Trypmwplasmay  that  have  so  far  been  investigated  carefully, 
have  a  second  host,  an  invertebrate  animal  of  some  kind,  which  acts  as 
an  intermediary  between  the  vertebrate  hosts.  The  one  exception  is 
Tnjpanosoma  equiperdum  of  "  dourine,"  which  is  alleged  to  be  transmitted 
directly  from  a  sick  animal  to  a  healthy  one  by  means  of  coitus.  In  all 
other  cases  the  intermediary  is  a  blood-sucking  invertebrate,  which  in  the 
case  of  trypanosomes  parasitic  on  terrestrial  vertebrates  is  most  usually 
a  dipterous  insect,  but  in  the  case  of  those  of  aquatic  vertebrates  is 
commonly  a  leech.  Further,  in  all  cases  hitherto  studied,  it  is  found 
that  the  trypanosomes  undergo  their  sexual  cycle  in  the  invertebrate  host 
alone,  and  never  in  the  vertebrate  host,  on  which  account  the  invertebrate 
host  is  termed  by  some  authorities  the  definitive  host. 

The  main  features  of  the  development  which  are  common  to  all  types 
hitherto  studied  are  as  follows.  The  individuals  of  the  species  can  be 
distinguished  more  or  less  easily  into,  first,  indiff^erent  forms,  and, 
secondly,  sexually  difl*erentiated  forms,  so-called  male  and  female.  All 
three  types  may  multiply  by  fission,  but  this  method  of  multiplication 
may  be  in  abeyance  in  the  fully  developed  male  and  female  individuals. 
The  three  types  can  frequently  be  recognised  in  the  blood  of  the  vertebrate 
host,  but  they  only  become  fully  differentiated  in  the  invertebrate  host. 
In  either  host  the  ranks  of  the  sexual  individuals  are  recruited  continually 
by  differentiation  of  indiflferent  forms  into  males  and  females.  These 
sexual  forms  may  themselves  become  the  gametes,  or,  as  in  T,  noduce 
(see  p.  35),  are  gametocytes  from  which  the  gametes  arise. 

The  male  trypanosomes  are  characterised  by  more  slender  form  of 

^  A  large  trypanosome  resembling  T,  iheUeri  of  the  ox  has  recently  Ixsen  descril)e<l  by 
Kadicke  from  the  blood  of  a  monkey  {Cercopithecus)  which  had  been  inoculate<l  from  a 
ik^ro  who  was  suffering  from  symptoms  of  trypanosome  infection,  but  in  whose  blood  no 
tr^'pmnoftomes  could  be  found. 
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body  and  greater  length  of  free  flagellum,  features  which  make  for  the 
greater  activity  that  is  especially  distinctive  of  the  male  type.  The 
cytoplasm  is  clear  and  free  from  coarse  granulations,  and  the  nucleus  is 
more  or  less  compressed  and  drawn  out,  in  correspondence  with  the 
slender  body-form. 

The  female  trypanosomes  are  distinguished  by  greater  bulk  and  less 
activity.  The  cytoplasm  may  contain  numerous  coarse  granulations, 
probably  of  the  nature  of  reserve  material,  and  the  nucleus  is  more 
compact  and  rounded  than  in  the  males. 

Of  the  three  types,  the  males  are  generally  the  most  delicate  in 
constitution,  and  soon  die  off  if  they  do  not  conjugate.  The  indifferent 
forms  are  more  hardy  than  the  males,  but  the  most  resistant  of  all  are 
the  females,  on  account  of  the  reserve  material  stored  up  in  their  abundant 
cytoplasm.  Under  adverse  conditions  it  may  happen  that  all  the  male 
and  indifferent  forms  die  off,  only  the  females  maintaining  their  existence. 
A  process  of  parthenogenesis  may  then  take  place  in  the  surviving 
females,  which  consists  in  the  nucleus  going  through  certain  changes 
involving  a  process  of  self -fertilisation,  whereby  the  individual  is  set  back, 
so  to  speak,  into  the  indifferent  condition.  It  then  multiplies  and 
repopulates  the  host,  its  descendants  being  differentiated  again  later  on 
into  males  and  females.  Parthenogenesis  of  this  kind  may  take  place 
either  in  the  blood  of  the  vertebrate  host,  or  in  the  gut  of  the  invertebrate 
when  the  parasites  have  become  reduced  in  number  by  long  periods  of 
starvation. 

The  sexual  forms  undergo  before  conjugation  a  process  of  maturation 
consisting  of  elimination  of  nuclear  substance.  The  maturation  may  take 
place  in  the  blood  of  the  vertebrate  (Prowazek),  but  in  that  case  it  is 
abortive  and  leads  to  no  results.  The  general  rule  is  for  the  maturation 
to  take  place  in  the  gut  of  the  invertebrate  host,  where  alone  conjugation 
can  goon.  The  two  matured  gametes  fuse  completely,  their  bodies,  nuclei, 
and  blepharoplasts  becoming  amalgamated,  each  to  each.  The  flagella  and 
undulating  membranes  disappear,  and  the  single  blepharoplast  produced 
by  fusion  is  said  to  pass  into  the  single  nucleus  of  like  origin,  the  whole 
constituting  the  complex  synkaryon.  The  resulting  zygote  is  a  gregarine- 
like  individual  similar  to  the  ookinete  or  vermicule  stage  of  the  malarial 
parasites  (see  p.  81).  By  hcteropolar  division  of  the  nucleus  a  new 
blepharoplast  arises,  flagellum  and  undulating  membrane  are  formed 
afresh,  and  the  zygote  becomes  an  ordinary  trypanosome  which  commences 
a  new  vegetative  cycle  of  generations. 

In  the  foregoing  paragraphs  the  principal  stages  of  the  normal  life- 
cycle  have  been  described.  Numerous  other  phases  and  forms  of  trypano- 
somes are  known,  however,  which  cannot  be  considered  to  belong  to  the 
natural  development  of  these  organisms.  Such  are,  first  of  all,  the  very 
numerous  degenerative  phases,  for  instiince  the  so-called  involution  forms 
found  in  sick  animals  suffering  from  the  effects  of  pathogenetic  trypano- 
somes ;  and  the  plasmodial  aggregations  of  T.  hnicii  described  by 
Plimmer    and  Bradford  must  be  included   in  this   category.     None  of 
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these  degenei'ated  forms  arc  ever  to  )>e  found  in  tryjtaiioBumes  living  in 
their  natuml  host£.  A  second  series  of  similar  forms  is  furnished  by  the 
<levelopment  of  irypanosomes  in  artificial  niedta,  forms  so  produced  being 
often  extremely  unlike  nny  known  phases  of  the  natural  cjcle.  The 
cultural  forms  of  trypanosomes  are  interesting  for  comparison  with  natural 
phiisea,  as  illustrating  the  cflevt  of  changes  of  medium  upon  the  develop- 
mental mechanics  of  a  plastic  organism ;  but  until  the  normal  phases  of 
the  life-cycle  arc  known,  the  cultural  phases  are  without  value  from  a 
zoological  point  of  view. 

There  remains,  however,  an  important  phase  or  series  of  phases  to  be 
considered,  which  have  been  described  as  occurring  normally  in  the  life- 
cycle  of  at  least  one  species,  namely,  the  intracorpuscular  or  intracellular 
phages  in  the  blood  of  the  vertebrate  host  The  life-cycle  of  Trypamsoma 
iujctu<E  CeUi  and  yanfelice,  as  described  by  Schaudinn  (75),  furnishes 
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concrete  examples  of  this,  as  well  as  of  other  important  points  in  the  life- 
cycle  of  a  trypaiioBome.  Some  of  the  statements  made  by  Schaudinn  are 
very  remarkable  and  rerjuirc  special  consideration. 

Tri/paiioifOiiHi  noftmn  occurs  in  the  blood  of  the  little  owl  {Alhent 
iiiicfmi),  the  invertebrate  host  which  disseminates  the  parasite  being  the 
gnat  C'iik.r  jiijiifns.  The  description  of  the  life-cycle  may  be  commenced 
L'onveniently  with  the  minute  trypanosomes  introduced  into  ihe  blood  of 
the  owl  by  the  proboscis  of  the  infected  gnat;  these  may  l)e  either 
indiffen-nt,  male,  or  very  young  female  forms,  the  full  -  grown  female 
fomis  Ijeing  too  large  to  pass  down  the  gnat's  proboscis.  The  males  very 
iioon  die  off,  but  the  indifferent  forms  multiply,  and  their  <lescendantA 
may  become  dilfereutiated  into  male  and  female  types.  The  young 
females  grow  up  to  become  oixlintiry  female  forms,  which  by  a  process  of 
parthenogenesis  may  become  iiidiiTerent  foi-ms  and  multiply  as  such. 

The  point  in  which  the  development  of  T.  nociiue  in  the  blood  of  its 
host  ia  alleged  to  differ  from  all  other  known  trypanosomes  is  that  stages 
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duriijg  which  the  paraBJie  is  free  in  the  blood  alternate  with  stages  in  which 
it  is  ititrucorpiiscular  (tig.  8).  The  young  forma  are  described  aa  attaching 
themselves  by  their  flagella  to  red  blood -corpuscks  aud  then  gradually 
penetrating  into  the  latter,  finally  tying  within  the  corpuscle  by  the  side 
of  the  nucleus.  In  this  condition  the  parasite  is  totally  devoid  of 
locomotor  apparatus,  the  flagellum  and  undulating  membrane  have 
di8ap5>oareil,  and  the  blepharoplast  has  become  closely  applied  to  the 
nucleus.  The  tiypaiiosome  has  now  become  changed  into  the  form  of 
hwmatozoie  parasite  long  known  from  birds  under  the  name  Halteridiam 
(see  under  IIiKmosporiiiui,  p.  9 1 ).  According  to  Schaudinn  the  halteridium- 
stage  is  succeeded  again  by  a  free  trypan osome- stage ;  the  parasite  develops 
its  locomotor  apparatus  afresh  in  the  manner  which  will  be  dB3cril>ed 
below,  and  breitks  out  of  the  corpuscle,  which  is  but  little  injured  by  it, 
to  become  free  in  the  plasma  once  more.  The  two  forms  have  a  regular 
alternation  ;  the  free  trypanosome-stages  are  to  be  found  at  night  occur- 
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ring  chiefly  in  int«mal  organs,  when  the  host's  temperature  is  at  its 
lowest ;  the  halteridium- phases  are  found  by  day  in  the  peripheral 
circulation.  The  entire  period  of  growth  from  the  youngest  to  the  full- 
grown  trypanosome,  with  its  regular  alternation  of  phases,  lasts  over  si.t 
days  and  six  nights,  in  the  case  of  an  indifferent  form,  but  the  female 
forms  grow  much  more  slowly.  When  full-grown  the  trypanosomcs 
multiply  by  rapid  fission  to  form  numei-oua  small  trypanosomes  which 
start  upon  a  fresh  period  of  growth.  The  gametocytcs,  however,  do  not 
lea*e  the  corpuscle  but  require  to  be  taken  up  by  a  gnat  in  order  to 
undei^  det'elopment  within  it.  If  this  docs  not  occur,  the  male  gameto- 
cy tes  die  off,  but  the  female  gametocy tea  may  multiply  by  parthenogenesis. 
A  gametocyle  about  to  multiply  by  parthenogenesis  (Fig.  9)  may,  after  a 
period  of  scanty  nutrition,  have  absorbeii  the  reserve  materials  stored  up 
in  its  cytoplasm,  which  becomes  more  or  less  vacuolated.  It  has  no  trace 
of  locomotor  ap)karatas,  and  the  blepharoplast  is  closely  applied  to  the 
nucleus  (Fig.  9,  A) ;  the  latter  contains  a  distinct  karyoaome.  The 
nucleus  first  divides  with  disruption  of  the  karyosome,  budding  off,  as 
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k  were,  by  so-called  heteropolar  karyokineaia,  n  small  nucleus  (Fig.  9,  B), 
which  goes  through  tn-o  successive  divisions  forming  three  amall  nuclei, 
two  of  which,  as  "polar  bodies,"  commence  to  degenerate.  The 
lili^phiiroplast  also  divides  twice,  and  two  of  the  division-products  begin 
likewise  to  degenerate.  Thus  nt  this  stage  the  body  contains  one  htrge 
and  six    small    nuclei    or   chromatic    bodies ;    of    the    latter,    four    are 
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degenerating  and  are  ultimately  absorbed,  while  two  persist  in  a  normal 
condition  (Fig.  9,  C,  D).  The  two  ])ersistiiig  small  nuclei  penetrate 
from  opposite  sides  into  the  large  nucleus  and  fuse  together  to  form  ito 
karvosome  (Fig.  9,  I),  E,  F).  The  animal  h;is  now  become  in  form  and 
.structure  exactly  similar  to  the  zygote  (Figs.  10,  A,  13,  A),  and,  in  the 
manner  that  will  presently  l>e  described  fur  the  latter,  it  forms  its  lueo- 
nioi-or  apparatus  and  becomes  a  trypannsomu  of  indifturent  ty]>e,  or,  it 
may  be,  gives  rise  to  male  or  female  fonus. 
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In  order  to  undergo  their  normal  development  the  full-grown  gameto- 
cytes  require,  as  has  been  said,  to  be  taken  up  by  a  gnat  into  its  stomach 
with  a  meal  of  blood.  The  two  forms  of  individual  have  distinct  characters, 
which  may  be  summed  up  by  saying  that  in  the  males  the  nucleus  is  more, 
the  cytoplasm  less  developed,  while  in  the  females  the  reverse  is  the  case, 
the  cytoplasm  being  full  of  granules  of  reserve  material,  while  the 
nucleus  is  relatively  small.  Both  forms  contain  melanin-pigment  similar 
to  that  of  the  malarial  parasites.  In  the  male  gametocytes  the  pigment- 
grains  are  finer,  in  the  female  coarser.  This  pigment  is  cast  out  from  the 
body  in  the  stomach  of  the  gnat,  in  the  males  before  gamete-formation,  in 
the  females  after  fertilisation. 

In  the  male  gametocytes  the  large  nucleus  with  which  the  blepharo- 
plast  has  become  fused  divides  by  heteropolar  mitosis  into  a  larger  and  a 
smaller  nucleus  (Fig.  10,  B).  The  larger  nucleus  begins  to  degenerate, 
the  smaller  one  divides  up  to  form  eight  small  nuclei  (Fig.  10,  C).  Each 
of  these  divides  again  into  a  couple  of  sister-nuclei,  which  remain  close 
together  and  become  different  in  structure,  one  sister-nucleus  becoming 
the  trophic  nucleus,  the  other  the  blepharoplast,  of  the  future  gamete 
(Fig.  10,  D).  The  eight  couples  become  arranged  at  the  periphery  of 
the  body,  round  the  central  large  degenerating  nucleus  (Fig.  10,  E). 
The  protoplasm  at  the  surface  of  the  body  grows  out  into  eight  small 
projections,  each  containing  one  of  the  couples  of  differentiated  sister- 
nuclei,  and  each  such  projection  is  constricted  off  from  the  main  body, 
at  the  same  time  forming  a  locomotor  apparatus  and  becoming  a  male 
gamete  (Fig.  1 0,  F).  The  rest  of  the  body  of  the  male  gametocy te,  with 
the  remains  of  the  large  nucleus,  dies  and  becomes  disintegrated. 

The  fully  formed  microgamete  (Fig.  1 1 )  has  an  elongated  slender  body 
containing  a  long  drawn-out  nucleus  which  consists  of  four  chromosomes. 
Behind  the  middle  of  the  body  lies  the  large  blepharoplast,  described  as 
containing  eight  chromosomes.  Behind  the  blepharoplast,  but  some  way 
from  the  extreme  hinder  end  of  the  body,  lies  a  minute  granule  or  centro- 
some,  and  another  is  situated  at  the  extreme  anterior  end  of  the  body. 
Between  the  two  centrosomes  runs  the  flagellum,  which  stands  out  from 
the  body  as  the  free  edge  of  an  undulating  membrane.  A  free  flagellum 
is  lacking.  The  undulating  membrane  contiiins  eight  myoncmes  or  con- 
tractile threads. 

The  female  gametocytes  become  female  gametes,  going  through  a 
process  of  maturation  as  soon  as  they  arrive  in  the  stomach  of  the  gnat. 
The  body  rounds  itself  off,  and  bursts  the  remains  of  the  blood -corpuscle 
(Fig.  12).  The  ])lepharoplast  is  closely  applied  to  the  nucleus,  and 
the  two  together  divide  twice  to  form  two  reduction -nuclei.  At  the 
end  of  this  process  the  ripe  macrogamete  conUtins  a  pronucleus  and  two 
degenerating  "  polar  bodies  "  each  consisting  of  a  nucleus  «and  a  blepharo- 
plast in  close  apposition.  The  pronucleus  contains  four  chromosomes. 
The  macrogamete  (Fig.  12)  does  not  form  a  locomotor  apparatus,  but 
remains  a  spherical,  inert  body  which  is  sought  out  and  fertilised  by  the 
microgamete,  which  fuses  with  it.     The  locomotor  apparatus  of  the  micro- 
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gamete  breaks  down  md  it  brings  to  the  macroganiete  its  niicteiis  with 
four  chromosomes  and  its  blepbaroplast  with  eight  the  latter  however 
undergoes  two  reducing  divisions  The  tno  nuclei  fuse  by  me.iiis  of  a 
fertilisatiiin  spindle  similar  to  that  of  the  Coccidia  and  Hsemospondid 
the  male  rtnd  female  blepharoplastB  plate 
themsehes  at  the  two  poles  of  the  spindle 
The  nucleus  rounds  itself  off  and  the  two 
blepharopl-vsts  pass  from  the  poles  to  the 
centre  and  fuse  together  The  process  of 
conjugation  is  now  complete  and  the  zjo^te 
becomes  a  motile  vennicule  or  ookinete 
{Fig  n  \)  which  may  de\elop  in  one  of 
threi  waj--  It  maj  become  a  trjpinosome 
of  indifferent  or  of  female  character  or  it 
ma^  gi\e  nse  to  eight  small  trypanosomes 
(f  male  character  in  the  manner  already 
describe<l    for     the    development     of     the   ^"'n]^ 

microgametes  (Fig.  10).  Male  forms,  if  wH-  ".  imcieua  ot  <ii»inwgrat«i 
producwl,  soon  die  off  in  the  giit  of  the  nilXu  ";(■''«■  Uifwi'kii'ii-i.pnnritus; 
gnat,  as  they  do  in  the  blood  of  the  owl.  F"iiiii'Xod™kf>ner'si'ha^'i'ni'*'' 

In  the  development  of  a  try|>anosome  of 
indifferent  character  (Fig.  13),  the  first  step  is  the  casting  off  from  the 
liody  of  a  portion  of  the  protoplasm  containing  the  melanin-pigment,  and 
the  various  reduction -nuclei,  to  wit,  the  two  polar  bodies  formed  by 
maturation  of  the  female  gametocyte,  and  the  two  reduction  -  nuclei 
formed  by  the  male  blepharoplast,  as  already  described.  The  next 
Btep  is  the  foi-mation  of  the  locomotor  apparatus. 

The  nucleus  or  synkaryon  of  the  zygote  consiBts,  as  has  already  been 
naid,  of  elements  derived  both  from  the  trophic  or  princi[)al  nuclei  and 
from  the  blcpharoplasts  of  the  gametes.  Each  set  of  structures  contains 
eight  chromosomes.  The  blepharoplast  elements  form  a  karyosome 
lying  in  the  centre  of  the  nuclear  complex,  and  the  karyosome  contains  a 
central  granule.  The  eight  chromosomes  of  the  karyosome  become  mixed 
with  those  of  the  nucleus  proper.  Then  the  central  gnmule  divides 
into  two  and  initiates  a  heteropolar  mitosis,  whereby  the  synkaryoii 
)>ecomes  divided  into  a  larger  and  a  smaller  nucleus  (Fig.  13,  C).  The 
former  represents  the  new  trophic  nucleus,  the  latter  the  now  blepharo- 
l>last-  From  now  onwarils  the  formation  of  the  locomotor  apparatus 
proceeds  in  the  same  manner  as  at  any  other  stage  of  the  life-cycle ;  that 
is  to  say,  the  following  rlesciiption  of  thd  subscijuent  course  of  events 
will  apply  eipially  to  the  manner  in  which  the  locomotor  apparatus  arises 
each  time  a  halteridium-stage  becomes  a  trypanosome  in  the  owl's  blood, 
or  when  a  female  multiplies  l)y  pirthenogencsis,  or  during  the  develop- 
ment of  the  male  and  female  types  of  trypanosomes  (Fig.  13,  D-H). 

Each  of  the  two  unequ.ally  sized  nuclei  contains  a  ci-ntnd  granule  or 
centrosome  connected  with  that  of  the  sister-nucleus  by  a  line  thread 
(Fig.   13,  D).     The  smaller  nucleus  divides  by  a  heteropolar  division 
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into  two  nucle  of  unequal  s  ze  each  also  conta  n  ng  central  granules  con- 
nect«l  t  getler  b  a  threid  (Fg  13  F)  Tl  e  sra  Her  of  these  two 
nuTlei  that  s  t«  saj  the  Bmallcat  of  the  three  n  cle  present  m  the 
body,  tra  els  to  the  per  phe  and  d  de  by  m  tos  s  to  fo  m  a  nuclear 
spind  e  nh  ch  runs  a  longitud  nal  d  rect  on  a  d  s  aga  n  heteropolar 
in  structure,  the  anterior  end  be  ng  smaller  than  the  poster  or  (F  g  13  F). 
Tliis  m  t«B  3    s  not  completed   b  t  pers  sts    n  the  stage  of  tl  e  sp  ndlf, 


Fio.  IS.— rrnninixniiin  nnctuir.  itFTvlopininil  of  at 
l.c»r,  fiKnt  ilinmiMijinni  ol  thp  uinciiHl  ni 
tli«  birplwvplut  (kln>tonucI<^>);  r.  coiitrw 


of  which  the  achromatic  elements  consist  of  an  axial  filament  and  eight 
mantle-fibrils  connecting  the  two  centrosomcs.  The  achromatic  spindle 
places  itself  at  the  surface  of  the  body  {Fig.  13,  fi),  and  is  converted 
bodily  into  the  locomotor  apparatus  (Fig.  13,  H).  The  axial  filament 
becomes  the  marginal  flagelliim  (Fig.  1 3,  /.t)  ;  it  places  itself  at  the  edge 
of  the  spindle  to  form  the  edge  of  the  undulating  membrane,  and  its 
anterior  end  grows  past  the  anterior  centrosome  to  form  the  free  flagellum. 
The  eight  mantle-fibres  of  the  spindle  form  the  eight  myonemes  of  the 
undulating  membrane.      The  chromosomes  disappear,  apparently.     Thus, 
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the  complete  locomotor  apparatus  consists  of  the  undulating  membrane 
with  its  marginal  flagellum  and  eight  longitudinal  myonemes,  all  con- 
verging at  their  extremities,  both  anteriorly  and  posteriorly,  into  a 
centrosome ;  from  the  anterior  centrosome  arises  the  free  flagellum  ;  the 
posterior  centrosome  is  connected  by  a  thread,  of  the  same  nature  as  the 
marginal  flagellum,  with  the  central  granule  of  the  blopharoplast,  and 
the  latter  in  its  turn  by  a  similar  thread  with  the  central  granule  of 
the  principal  nucleus.  Schaudinn's  discoveries  reveal  a  compliccation 
of  the  locomotor  apparatus  hitherto  unsuspected  in  such  minute 
objects. 

In  the  case  where  the  zygote  develops  into  a  trypanosome  of  female 
character,  the  synkaryon  divides  by  heteropolar  mitosis  into  a  large  and 
a  small  nucleus.  The  small  nucleus  then  divides  into  eight  small  nuclei, 
just  as  in  the  male  gametocytes  (Fig.  10,  C,  D).  In  this  case,  however, 
the  eight  small  nuclei  degenerate,  and  the  large  nucleus  persists  and 
forms  the  locomotor  apparatus  in  the  manner  already  descril)ed.  Schaudinn 
regards  indiff*erent  trypanosomes  as  hermaphrodite  in  character,  and  the 
first  step  in  their  diff*erentiation  is  interpreted  as  a  sorting  out  of  male 
and  female  nuclear  substances,  one  or  the  other  persisting  or  degenerating 
according  to  the  sex  to  be  produced. 

The  fertilisiition  and  subsequent  difl^erentiation  of  the  zygotes  takes 
place  in  the  stomach  of  the  gnat,  and  is  succeeded  by  active  multiplica- 
tion of  the  trypanosomes.  As  the  blood  becomes  digested  they  pass  into 
a  resting  stage  and  attach  themselves  to  the  epithelium  of  the  stomach. 
When  the  gnat  takes  in  a  second  feed  of  blood  they  are  aroused  and 
enter  on  a  second  period  of  multiplication  and  attach  themselves  in 
clumps  to  the  epithelium  of  the  anterior  region  of  the  stomach,  which  is 
regenerated  at  each  meal.  When  at  the  third  meal  this  epithelium 
is  cast  off",  the  clumps  of  attached  trypanosomes  are  carried  with  it  into 
the  proctodaeum.  A  few  individuals  are  left,  however,  attached  to  the 
wall  of  the  stomach  in  various  places,  and  these,  if  they  be  females,  may 
multiply  later  by  parthenogenesis  and  repopulate  the  gut  of  the  gnat. 
The  clumps  of  trypanosomes  in  the  proctodjeum  break  through  its  wall 
at  the  junction  of  the  ileum  and  colon,  and  so  get  into  the  body-cavity. 
Some  may  then  penetrate  the  ovaries  and  ciiuse  hereditary  infection  of 
the  next  generation.  Most  of  the  tryj)anosomes,  however,  pass  into  the 
heart,  and  are  carried  forward  with  the  blood -stream  to  the  region 
round  the  pharynx,  where  they  collect  in  great  numbers  and  break 
through  into  the  lumen  of  the  pharynx.  At  the  next  meal,  the  fourth 
counting  the  one  at  which  they  were  taken  in,  the  parasites  pass  down 
the  proboscis  into  the  blood  of  the  vertebrate  host  and  recommence  a  new 
cycle.  It  need  only  be  added  that  when  the  conditions  are  unfavourable 
the  trypanosomes  undergo  agglomeration,  always  by  their  flagellated 
ends  in  this  species  ;  and  that  after  long  periods  of  starvation,  all  fonns 
may  die  off*  except  the  females,  which  persist  and  under  better  conditions 
reix»pulate  the  gut  of  the  gnat  by  parthcnogenetic  reproduction. 

The   development  of   Tn/pa?iosoma   iwdua',  as   set  forth  above   from 
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Schaiidinn's  descriptions,  is  remarkable  in  several  points.  First  of  all 
there  is  the  alleged  occurrence  of  non-flagellated  balteridium-stages,  not 
known  in  any  other  trypanosome,  though  the  so-called  piroplasmoid 
stages  of  the  Leishman-Donovun  bodies  perhaps  furnish  an  example  of 
analogous  phases.  The  consequences  of  this  discovery,  as  they  affect  the 
hajmosporidia,  will  be  discussed  below.  Secondly,  we  may  call  attention 
to  the  remarkable  details  of  structure  described  in  the  undulating  mem- 
brane and  its  mode  of  formation.  The  bearing  of  these  statements  on 
the  general  morphology  of  the  trypanosome-body  has  been  discussed 
on  p.  30.  On  both  these  points  more  confirmatory  evidence  is  urgently 
needed  before  it  is  possible  to  form  any  final  jud^n^^ent  upon  these 
questions. 

In  the  development  of  T,  lemsi  of  the  rat,  Prowazek  found  no  intra- 
cellular stages.  In  this  form  the  sexual  individuals  become  the  gametes: 
there  are  no  diff'erentiated  gametocytes,  nor  are  the  macrogametes  so 
specialised  as  to  be  inert  ovum-like  bodies,  as  in  7\  noctua\  This  author 
found  appearances  interpreted  by  him  as  parthenogenesis  of  female 
individuals. 

As  possibly  close  allies  of  the  Tn/jximsomdiidce,  and  by  some  authors 
even  referred  to  this  family,  must  be  mentioned  the  peculiar  forms  referred 
to  the  genus  Spirochicta  Ehrenberg,  often  confused  with  bacteria  of  the 
genus  Spirillum ;  hence  the  diseases  caused  by  them  are  still  genei*ally 
termed  spirilloses  collectively.  The  organisms  in  question  have  the 
appearance  of  minute  slender  threads,  wavy  or  spirally  twisted  in  form. 

They  differ  from  a  tnie  Spirilluja  in  the 
body  being  flexible,  enveloped  only  in  a  soft 
periplast,  and  not  in  a  firm  cuticular  cell- 
membrane,  in  possessing,  in  typical  forms, 
an  undulating  membrane,  and  in  lacking 
flagella.  At  the  present  time,  however,  many 
D  forms  are  referred   to   the  genus  Spirochcetn 

to  which  the  foregoing  definition  does  not 
apply  in  all  its  details,  and  the  process  of 
separating  all  these  species  into  new  genera 
has  begun  already.  The  original  species  to 
which  the  name  Spiroclmia  was  applied  is 
„     ,.     .     ,.,01..     r-     S'    plicatilis  Ehrenberg,    a   free-livin<(   form, 

Fio.  14.— A  ami  B,  .S7>? roe^^a  rp/nw-  /  .11     i  e  ^  .  ,       °  l 

ijniH  schniui. ;  c.  N.  pimitiii-^  which   Will  therefore  remain  as  the  type  of 

Ehrt'iib.,   extremity  of   a    lar^e    ,■•  o    •       7     j       •  n    r    i.  i* 

»i..'cimon.  Aftor  scimu.iinn.  the  gcuus  bpirochd'ta  m  all  future  applica- 
tions or  limitations  of  the  name.  Spiroch^ta 
plicatiUs  (P^ig.  14,  C)  is  of  fairly  large  size  and  has  blunt,  rounded  ends. 
The  undulating  membrane  is  very  distinct,  but  there  is  no  trace  of  flagella. 
The  nuclear  apparatus  consists  of  a  thread-like  structure,  running  in  the 
long  axis  of  the  organism,  which  Schaudinn  regards  as  corresponding  to 
the  locomotor  nucle^ar  apparatus  of  the  trypanosomes,  while  the  ordinary 
nucleus  is  represented  by  chromidial  granules  surrounding  the  thread. 
The  points  considered  by  Schaudinn  (76)  to  be  characteristic  of  a  true 
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Spiroch(¥ia  are  the  undulating  membrane,  the  absence  of  flagella  and  the 
bhuit  ends.  If,  however,  these  characters,  especially  the  last,  are  to  be 
taken  as  diagnostic  of  the  genus,  it  is  obvious  that  many  forms  at  present 
termed  indiscriminately  Spirocha'ta  will  have  to  be  referred  in  the  future 
to  distinct  genera  and  receive  other  names. 

Many  important  parasitic  forms  have  been  referred  to  the  genus 
SpiuKhirta.  We  may  begin  with  considering  one  for  which  Schaudinn  (75) 
has  describexl  a  complete  life-cycle 
in  detail,  namely  Sjnrochceta  zienuiimi 
(IIirmamcelHi  ziemanni  Laveran, 
Ijeucocytozihtn  zierrmnni  Liihe),  which 
occurs  together  with  Thi/panosomu 
ntKtva'  in  the  blood  of  the  owl 
Athene  n^/c/M^,and  is  also  transmitted 
by  the  intermediary  of  Culexpipiens. 
The  indifferent  spirochaetes  in  the 
blooii  of  the  owl  resemble  in 
structure,  according  to  Schaudinn, 
minute  slender  trypanosomes  with 
nucleus,  blepharoplast,  undulating 
membrane,  and  flagellum  (Fig.  6, 
H).  They  are  parasites  of  the 
white  blowl-corpuscles  and  of  the 
erj'throblast^.  Multiplication  is 
by  fission  in  the  longitudinal 
direction  (Fig.  15),  and  two  sister- 
individuals  produced  in  this  way 
may  remain  connected  by  their 
hinder  ends  to  form  in  union  a  long  slender  snaky  filament  (Fig. 
15,  B),  which  can  move  with  either  end  forward.  The  spirochietes 
may,  by  rapid  division,  become  so  small  that  they  are  only  visible 
when  agglomerated  into  rosettes.  Schaudinn  considers  that  these 
minute  forms  would  pass  through  a  Chamberland  filter,  as  does  the 
invisible  micro-organism  of  yellcJw  fever.  The  spirochaetes  may  also 
pass  into  a  resting  stage  in  which  they  become  Piroplasma-Vike,  but 
with  two  chromatic  bodies,  a  larger  and  a  smaller,  as  in  the  Leishman- 
Donovan  body  (see  p.  50).  When  the  acute  stage  of  the  infection  is 
passed,  the  minute  indifferent  forms  begin  to  develop  into  sexual  forms, 
gametocytes,  which  in  comparison  to  the  indifferent  forms  are  of  gigantic 
size,  so  large,  in  fact  that  they  can  only  pfvrtially  penetrate  into  the  leuco- 
cytes or  erythroblasts,  to  which  they  attach  themselves  by  one  extremity 
(Fig.  16).  The  gametocytes  are  typical  trj'^panosome-like  individuals. 
The  male  gametocyte  passes  into  a  resting  stage  without  locomotor  oi-gans, 
and  from  this  stage,  if  taken  up  by  the  gnat,  arise  the  eight  microgametes 
by  a  process  of  sponilation.  The  macrogametocyte  also  passes  into  a 
resting  stage,  and  in  the  gnat's  stomach  it  becomes  freed  from  the 
remains  of  the  cell  to  which  it  was  attached,  rounds  itself  off,  and  goes 


Fio.  15. — Spirochrria  ziemanni.  A,  8pirf>cha?te 
dividing;  B,  the  division  nearly  conipiet*',  th«* 
two  daiiKhter-individual.s  in  a  line;  C.  furtljer 
division  of  two  dauKhter-intUviduals  conneote<l 
aH  in  B ;  D,  agj^jlonieration  of  minute  spiro- 
ch«'tes  :  E,  F,  resting  Htagesof  forms  similar  to 
B  and  C  respectively.     After  t^handinn. 
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through  a  process  of  maturation  of  tlic  usual  type,  after  which  it  is  ripe  for 
furtitisation  as  n  mature  macroganiete.  Fertilisation  {Fig.  17)  in  the  usual 
niatiuer  by  a  microgamcto  produces  a  zygote  which  becomes  a  motile 
vermicule,  which  in  its  turn  grows  greatly  in  length,  and  becomes  coiled 
into  a  compact  mass,  its  nuclei  at  the  same  time  multiplying  by  diWsion. 
Finally,  the  zygote  by  a  process  of  sporulation  forma  an  immense  number 
of  spirocbeetes,  which  swarm  over  the  Malpighian  lubes  and  intestine 
of  the  gnat,  and  multiply  by  fission  in  the  same  way  as  in  the  blood 
of  the    owl.      The   parasites  pasa  forward  in  the  blood-stream  to  the 


pharynx,  and  are  introduced  by  the  proboscis  of  the  gnat  into  a  fi'csb 
avian  host. 

It  was  suggested  by  Schaudtnn,  when  he  made  known  these  data 
relating  to  the  development  of  f^piroclueta  ziemanni,  that  all  other 
spirochietcs  would  be  found,  when  examined  carefully,  to  be  in  like 
manner  closely  allied  in  stnicture  and  develoi>meiit  to  true  trypanosomes. 
Schaudinn,  however,  akindoned  this  opinion,  and  considers  that  S.  ftVnidiim 
is  far  removed  from  tyjrical  B|)irochcetes  such  as  S.  jiUrnlilix  Ehrenberg 
or  S.  refriugem  Scliaudinn  (Fig.  14,  A,  B),  from  which  it  differs  in  having 
piintcd  extremities  and  a  free  HagcUnm.  The  same  applies  also  t^  an 
impoittint  group  of  spiiYtchietes  pariusitic  in  the  bl(M>d  of  mammals  and 
birds,  of  which  the  must  iiiiportunt  or  best-known  species  are  Spirocha-fa 
ob'-rmeieri  Cohn  {S.    ri-eurienlis    Lcbcrt)    of    human    relapsing    fever,   S. 


anstriiia  Sakbarotf  of  geese  and  otbor  anserine  birds,  and  S.  galliTtafuin 
Marchoiix  and  Simoncl  of  fowls.  At  tbe  present  time  it  is  far  from 
settled  whether  these  fomnfl 
are  to  be  referred  to  the 
Protozoa  or  to  the  Bacteria. 
Even  essential  matters  of 
fact  are  in  dispute  in  the 
most  recent  memoirs  deal- 
ing with  them.  Thus,  S. 
fHillinaruiii  is,  according  to 
Borrel  and  Laveran,  shewn 
to  be  11  liacierinm  of  the 
family  Spirillacea  by  its 
"  incontestable  "  transverse 
division,  its  numerous 
fiagella  arising  from  alt 
parts  of  the  l>ody,  and  the 
absence   of   an  undulating  i 

membninc,      of     a,     circum-  Ir.  nucleut  uid  btl^pjiarajilaxt,  nui;  witli  riiflil  rliroiiio: 

scril>od  nucleus,  or  of  a  r;^;„t™*AS^L"iu'3?„r ""■""""■  *''■  """'"'  "' 
centrosome.     On  the  other 

haiKl,  IVowazek  (68)  asserts  tho  samo  species  to  bo  a  Protozoiin  allied 
to  Tn/j'-iiiosiirim,  on  the  ground  that  it  possesses  a  distinct  undulating 
membrane  and  that  the  division  is  longitudinal,  that  it  ia  not 
pliismolyeed  by  solutions  of  NaCl  and  alkalis,  and  that  it  exhibits 
(n-CHfiional  eell'iiarasitism  ;  ftagelLa  are  declared  to  be  absent,  the  appear- 
ance seen  by  Borrel  being  explained  as  contractile  fibrils  split  ofT 
("iibgeliiste  Myophane ").  Between  such  flat  contradictions  further 
rcsoarch  must  decide.  Koch  (36)  and  Zettnow,  however,  were  also 
unable  to  find  any  trace  of  trypanosome-like  structure  in  the  spirochietc 
of  African  relapsing  fever,  reganled  by  Koch  as  identical  with  the 
European  S.  tAermwri,  and  both  authors  describe  the  division  us 
traiisversc,  Zettnow  further  confirms  the  discovery  of  Borrel,  that  the 
body  of  a  spirochsete  (5.  guUinanim  and  S.  ohemieieyi)  is  beset  by 
numerous  Hagella.  The  many  conflicting  statements  seem  to  indicate 
that  at  the  present  time  the  term  spirochsste  is  applied  in  a  chaotic  and 
pn>miscuous  manner  to  three  or  four  distinct  types  of  oi'gjuiisms ;  first,  to 
true  species  of  the  genus  Spiivehirla,  typo  ptiattiliii ;  secondly,  to  forms 
such  as  S.  ^iermnni,  which  ai-c  in  reality  minute  trypanosomes ;  thii'diy, 
to  organisms  of  the  type  of  Trejiotiema  paltidtnii,  described  below ;  and, 
fourthly,  to  organisms  which  perhaps  are  not  protozoa  at  all.  It  should  be 
mentioned  in  this  coimcxiun  that  Marchoux  and  Simond  arc  of  opinion 
that  the  hitherto  invisible  micro-organism  of  yellow  fever  also  "  belongs 
to  the  family  of  the  Spirilla,"  as  was  suggested  by  Schaudinn  on  the 
analogy'  of  S.  ; ' 
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The  hjcmatozoic  spirochcetes  are,  like  other  blood -parasites,  trans- 
uiited  to  new  hosts  liy  blood  -  sucking  invertebrates.  European 
rt-lapsing  fever  is  conveywl  chiefly,  apparently,  by  the  bed-bug.  The 
•■pir'jchffiteB  of  fowls  are  conveyed  by  fowl-ticka  of  tho  genus  Argot. 
The  parasite  of  African  relapsing  fever  is  also  conveyed  by  a  tick, 
Orniflivlurm  inoafiila,  and  passes  through  two  generations  of  its  inverte- 
brate host,  the  infection  Ijeing  given  by  larval  ticks  born  of  parents  that 
acijuired  the  infection  originally,  Koch  (35)  has  investigated  the 
development  within  the  tick  and  found  great  numbers  of  spirochaates  in 
the  ovary  (Fig.  18,  B),  but  these  were  quite  similar  to  the  forms  in  the 
blood,  and  did  not  shew  any  developmental  stages  such  as  were 
described  by  Schaudinn  for  S.  ziemanni.  Prowazek  (68)  describes  S. 
'joUiuuritm  as  passing  into  a  resting  stage  by  tying  iteelf  into  a  knot. 


A 

Fir.  l>.~Spiroi:liwt«  ot  Afrlcnn  tick  trin.    A,  two  Hia-eiinrns  from  the  blood ;  B.  i 

-IrimttuttM  ttrim  til*  vmc  nf  lhi>  tirk  ;  r.r,  1iloticl<gr|>imi;l«  in  ijulline;  i,  ■  cle»r  aparr  m  uic 

The  parasite  is  also  capable  of  penetratiiig  the  blood-corpuscles,  and  may 
assume  the  resting  condition  within  them. 

Other  well-known  sjweies  of  S/nroclurta  arc  S.  huccalis  Cohn  imd 
.S'.  'Itntinm  Koch  from  the  human  mouth.  A  classified  list  of  all  known 
SpirorhirliF,  with  their  diagnostic  characters,  is  given  by  Blanchard  (4). 

To  the  genus  Spiroi-lurta  has  been  referred  also  the  recently  discovered 
agent  of  syphilis  under  the  designation  S.  jMiUidu  Schaudiun,  and 
that  of  yaws  un<lcr  the  nitme  S'.  perlenuis  Castellani.  These  species 
differ,  however,  from  a  typical  spirochrete  in  the  following  points  :  The 
!)ody  is  corkscrew-like,  and  shews  inimerous  sharp,  fine  coils,  which  vary 
from  ten  to  twenty-six  in  numlwr,  and  arc  prcfornied,  that  is  to  say,  are 
not  the  result  simply  of  the  animal's  wriggling  movements  ;  an  undulating 
niembrano  cannot  be  made  out,  but  appropriate  methods  reveal  a  slender  pro- 
longation, interpretcil  by  tSchiuidinn  as  a  tiagcllum,  at  each  of  the  pointed 
tapering  endsof  the  boily  (Kig.  19).     Hence  the  itanisite  of  syphilis  hiia 
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Itn  placed  in  a  distinct  genua,  Sjiiri/nenni  (Vnilltmiii),  but  aa  this  name  is 

iiipied,  it  has  been  altered  to  Treponcnm  hy  Schjiwdinn.     The  specific 

luane  jMiilidum   is   taken    from    the  leiy 

slightly  refringent  nature  of  the  body  in 

life,  and  the  difficulty  with  which  it  citn 

stAtned    ill     prepaiutions,    propel' ties 

le  detccticin  of  the  parasite 

'  (liflictilt.      The  minute  or^uism   is 

F  active,  moving  with  one  or  the  other 

1   of    the   body  forwanls,  and  itt  tiie 

me  time  rotating  on  its  pnncipal  »xis, 

bending    the    body     eidewuyB.        lu 

^ly  siiuuted  syphilitic  lesions,  Tvjxh 

pall'uittm     alone     occurs,    but     in 

aerated    surfaces    there    is    commonly 

\  aASociated  with  it  another  sirecies,         Kji^JSwowiii^d  aiSdlecW.     *"'^ 
■tingtiished     by    its   darker    form    and 

ftller  niuii1>er  of  twists  on    the    spinil    body,    which    tlichaudtnn    hus 
Ken  the  name  SjriroeluHa  refnit'jem  (Fig.  14,  A,  B). 

Statements  relating  to  finer  strncture  and  development  of  Trrpomma 
1  have  been  put  forward  by  KrzysztalowicK  and  Siodlecki,  who 
hd  that  the  bcxly  of  the  parasite  is  contractile,  and  cuii  become  thereby 
mch  shorter  and  thicker,  with  its  curves  less  sharp,  and  at  the  same  time 
tore  refringent,  but  the  pointed  extremities  remuin  a  distinctive  feature 
(Fig.  1 9,  C,  D).  At  some  point,  gener- 
ally not  far  from  the  middle  of  the 
body,  it  is  seen  that  for  a  short  distance 
the  body  is  sti'aight,  or  nearly  so,  and 
very  slightly  thickened,  and  in  this 
region  a  clear  spot  can  be  obseri'ed, 
which  is  regarded  as  the  nucleus.  The 
oldinarv  method  of  repi'oduction  is  by 
fission  in  a  longitudinal  direction 
(Fig.  20).  The  fission  may  for  a 
time  stop  short  of  completeness,  with 
the  result  that  the  two  sister-individiitds 
Bcted  by  their  ends, 
nd  then  may  either  be  twisted  up 
Q  together  or  placed  in  the  same  line, 
forming  a  spirochsete  of  great  length. 
»,  »— Tr»;B»™m  (njiwiint   A,  B,  •nd  C.   Sometimes  more  than  two  individuals 

-Tama  la  ImwiUidlniil  nulon ;  D,  Oirw  .     i     ■         i_-  i.        .l    ■ 

rfndwb  _miin«j«i  inB;;«HT  ".i"'"  *i'g    coiuiected    in    this    way    by    their 
,        ....   ...„.       ._.,  g^i^^     j^^   addition    to    the    uiilinary 

individuals,    the    two    Polish    authors 

s  also  forms  which  they  consider  as  sexual  individuals.     These 

,  thicker   spindle -shaiwd   forms   with   few  bends,    which   the 

I  consider  try panosome- like    and    propose    to  name    Trypanosoma 
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luis  (Fig.  21),  although  the  minuteness  of  the  organisms  makes  it  im- 
possible to  recognise  the  undulating  membrane  and  other  details  of 
trypanosome  -  structure ;  secondly,  minute  spirillum -like  forms  which 
appear  to  arise  by  segmentation  of  long  thread-like  forms  with  several  nuclei 
(Fig.  22,  A-D).  The  former  are  regarded  as  macrogametes  derived  each 
by  growth  of  single  rr^^/t€7/w  -  individuals ;  the  latter,  as  microgametes 
formed  by  a  process  akin  to  sporulation  from  an  individual  with  multiple 
nuclei.  Conjugation  (Fig.  22,  E,  F)  between  the  two  forms  was  observed  in 
a  single  case  "  in  materials  taken  from  a  very  large  primary  ulceration  which 
was  beginning  to  cicatrise  spontaneously."  The  authors  suggest  that  the 
zygote  passes  into  a  resting  stage  an(l  becomes  transformed  into  some 
sort  of  cyst  or  spore,  which  is  cairied  away  in  the  circulation  to  other 


Fig.  21. — Treponema  paUiilnm, 
frmalo  forms  (•*  TrmHinosomn 
luis'  y  A  an<l  B.  onlinary  in- 
dividuals ;  C.  I),  and  E,  binary 
tlssiou ;  X  aM  in  Vii^.  18  and 
l'.».  Aft«»r  KrzyHztalowicz  and 
Siedlwki. 
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Fio.  2:l.—Trej>onema  jnllidum. 
A,  B,  and  C,  mal»5  gametes, 
derived  from  an  <>longate<l 
individual  by  multiple  tirans- 
verse  fission  a.s  in  i) ;  E  and 
F,  couiu^^tion  of  a  male 
( <j )  and  female  ( 9 )  gamete. 
After  Krzysztalowicz  and 
Sietilecki. 


parts  of  the  body  and  gives  rise  to  new  spirocha^tae  which  produce  the 
secondary  lesions.  Other  bodies  of  an  enigmatic  nature  are  described  by 
the  authors,  whose  obser>'ations  urgently  need  confirmation.  A  possible 
stage  in  the  life-cycle  of  this  parasite  is  the  problematic  Cytorhycte^  luis 
Sicgel  described  below  (p.  113).* 

The  transmission  of  Treponema  pallidum  from  one  host  to  another  by 
the  contagion  of  coitus,  without  an  intermediate  host,  atfords  a  suggestive 
analogy  to  the  case  of  Trypanosoma  equiperdum  of  "dourine,"  in  which  the 
infection  is  brought  about  in  a  similar  manner. 

In  close  proximity  to  the  Trypanosomatida',  but  distinguished  from  them 
by  lacking  an  undulating  membrane,  come  various  species  of  Flagellata 
parasitic,  for  the  most  part,  in  the  digestive  tracts  of  insects.     Such  are 

'  An  adtUtional  coiitributiou  to  the  etioloji:y  of  sypliili'^,  published  since  thus  article  w.os 
completed  in  MS.,  is  the  memoir  of  Mr.  K.  (Je  Korte,  "On  Certain  Bodies  preseut  in  the 
Chancre  in  the  Condyloma,  and  in  the  Blood  during  Secoudurv  Svphilis  "  {Pra^iUiotwr^  June 
1906). 
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the  various  species  referred  to  the  genera  Herpetoinomis  Sav.  Kent  and 
Crithulia  Leger. 

In  Ilerjietonionas  (Fig.  23)  the  body  has  the  form  of  a  flattened  rod,  some- 
times slightly  dilated  neixr  the  anterior  end,  from  which  the  flagellum  arises. 
The  type-species  is  H.  miLsm-domeslicw  Burnett  from  the  intestine  of  the 
common  house-fly.  According  to  Prowazek  (63)  the  flagellum  of  //. 
iNasfyf'doniesticce  is  double,  the  two  flagella  being  connected  by  a  delicate 
membrane  for  some  distance  from  their  origin.     In  all  other  species  that 


blr^^ 
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Fio.  2:1. — IhrfKUmvonaH  musar.-domestico' 
Kurnett.  A,  ordinary  motile  in- 
dividual ;  IJ,  resistant  cyst ;  n, 
nnclt'ua  ;  hi,  blc])haropla.st.  Alt^T 
l*rowazek 


Fin.  24,— Crithuliaminuta  I^'ger. 

A,  ordinary  motile  individ- 
ual ;  B  and  C,  youn«  forms  ; 

B,  without  flagellum.    AlVr 
Legor. 


have  I>een  referred  to  the  genus  Herpetomonas  the  flagellum  is  described 
a.s  single,  a  difference  from  the  tj'pe  -  species  which  is  probably  of 
generic  value.  In  //.  munav-darnestica:  Prowazek  foinid  that  the  infec- 
tion was  conveyed  partly  by  the  formation  of  resting  cysts,  which  are 
cast  out  of  the  gut  and  then  swallowed  accidentally  by  other  flies,  and 
partly  by  the  hereditary  method,  through  the  parasites  penetrating  into 
the  ovaries  of  their  hosts.  As  stated  below,  the  flagellated  form  of  the 
I^eishman-Donovan  ]>arasite  has  been  referred  to  the  ji^enus  flcrpefontomis. 
In  Criihidia  (Fig.  24)  the  body  is  more  pear-shaped  with  the  anterior  end 

VOL.  11. — FT.  II  K 


50  SYSTEM  OF  MEDICINE 

pointed,  the  single  flagellum  arising  from  a  blepharoplast  situated  near 
the  nucleus.  Examples  are  C  minuta  L6ger  from  the  gut  of  Tahanus 
tergestinuSf  and  6'.  famculata  L^ger  from  the  gut  of  Anopheles  macu- 
lipennis.  The  fact  that  both  these  insect  hosts  are  of  blood -sucking 
ba})it,  and  the  considerable  resemblance  that  the  parasites  themselves 
shew  to  some  of  the  developmental  forms  of  trypanosomes,  are  sufficient 
to  arouse  the  suspicion  that  these  species  of  Crithidia  are  simply  develop- 
mental stages  of  blood-parasites.  As  yet,  however,  the  life-cycle  is  not 
known  in  any  of  these  forms. 

In  the  sub-order  of  the  Flagellata  at  present  under  discussion  must  be 
included,  finally,  certain  human  parasites,  first,  those  known  generally  as 
the  "  Leishman- Donovan  bodies  "  ;  secondly,  those  generally  referred  to 
as  the  parasites  of  oriental  sore.  The  Leishman  -  Donovan  bodies  are 
found  invariably  in  certain  organs  of  the  body,  but  mainly  in  the 
greatly  enlarged  spleen,  in  kala  azar  and  similar  diseases  occurring  in 
various  parts  of  the  tropics,  especially  in  India,  but  also  in  China,  Egypt, 
and  tropical  Africa.  The  parasites  of  oriental  sore  are  found  in  the 
granulation-tissue  of  certain  skin  lesions  which  are  of  widespread  occurrence 
in  the  tropics,  and  are  known  by  various  local  names  such  as  Aleppo 
boil,  Delhi  sore,  Frontier  sore,  etc.  In  spite  of  the  very  great  similarity, 
amounting  to  morphological  identity,  between  the  bodies  occurring  in 
kala  aziir  and  in  tropical  sore,  there  are  good  grounds  for  regarding  the 
parasite^j  in  each  case  as  distinct  from  one  another.  In  India,  for 
instiince,  their  geographical  range  is  diflferent  and  their  pathological 
effects  are  nob  the  same  ;  in  the  one  case  the  parasites  produce  a  genera) 
or  systemic  disease,  in  the  other  only  a  local  lesion.  Since  all  the  develop- 
mental datii  known  concerning  these  organisms  have  been  worked  out  so 
far  only  in  the  case  of  the  Leishman-Donovan  bodies  of  kida  azar,  the 
following  account  applies  to  these  parasites  alone. 

The  Leishman-Donovan  bodies  have  been  the  subject  of  much  contro- 
versy, as  regards  both  questions  of  hypothesis  and  matters  of  fact.  They 
occur  in  immense  numbers  in  the  liver,  spleen,  and  bone-marrow,  and 
more  sparingly  in  various  other  organs  of  the  body.  Unlike  the  parasites 
of  tropical  sore,  they  are  not  found  in  ulcers  of  the  skin  in  cases  where  there 
is  no  general  infection.  The  parasites  are  typically  intracellular  (Fig.  25) ; 
occasionally  free  forms  are  found,  perhaps  as  the  result  of  the  dissolution 
of  the  host -cells,  but  parasites  so  liberated  are  probably  soon  taken 
up  again  by  other  cells.  According  to  Christophers  (16,  17)  the  cells 
which  harbour  the  parasites  are  of  two  classes,  leucocytes  and  cells  of 
endothelial  nature ;  the  latter  become  greatly  modified  and  distended  by 
the  parasite,  and  give  rise  to  the  large  macrophages  of  the  spleen  and 
liver-cells  which  may  each  contain  as  many  as  150  to  200  of  the  parasites. 
Inclusion  in  the  cells  is  not  in  any  way  harmful  to  the  pjirasitic  organ- 
isms, which  are  able  to  resist  the  action  of  the  enclosing  cell ;  their 
vitality  is  clciirly  shewn  by  the  fact  that  in  culture-media  the  parasites 
enclose<l  in  cells  undergo  development  in  the  same  way  as  those  that  aro 
free.     In  their  immunity  to  intracellular  digestion  the  Leishman-Donovan 
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bodies  contrast  sharply,  according  to  Christophers,  wilb  tciic  piropl^mata 
when  captured  by  leucocytes. 

A  disputed  point  as  regards  the  occurrence  of  these  parasites  relates 
to  those  occurring  in  the  peripher.il  circulation.  Donovan,  whom 
I^vciiiii   ntid   Mesiiil  (41,  42)  confirm,  described  and    figured   them  iu 


iiiiultvred  red  blood-corpuscles  in  the  general  circulation,  such  forms  being 
remarkable  for  their  small  sise,  and  for  havhig,  like  a  true  Pitvplasiitn,  a 
single  chromatin  mass.  In  the  s]>teeii  Donovan  found  similar  forms  in 
utinltered  corpuscles  and  others  of  ordinary  size  with  two  chromatin  masses, 
in  alt«re<l  red  corpuscles.  Christophers(17),  however,  finds  them  only  iii 
leucocytes  in  the  peripheral  blood,  and  doubts  the  specific  nature  of  the 
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1>odies  in  the  red  corpuscles,  whether  iu  the  peripheral  circulation,  or  in 
the  spleen  or  boiie-marrow. 

The  Ticish man- Donovan  bodies  occurring  in  human  tissues  are  minute 
rounded,  ovoid, or  jiear-shaped  iKxlies,  measuring  usuiilly  about  J.)  ntuA'b  /i 
in  the  lungest  diameter,  and  1  ■3  to  ■!  p.  across  the  shorter  axis  of  the  Irody 
(I'ig.  L'6,  A).     A  distinct  cuticle,  whicli  can  be  burst  by  pressure,  limits 
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the  surface  of  the  IkxIv.  The  cytophism  is  often  more  or  less  vacuolated, 
and  conuiins  two  distinct  chromatin -masses  or  nuclei  situated  usually 
opposite  to  each  other  on  the  shorter  axis  of  the  body,  and  dift'ering  in 
size  and  appearance.  The  larger  nucleus  is  compact,  more  or  less  spherical, 
and  st^iins  more  faintly;  the  smaller*'  one  is  generally  rod- shaped,  and 
stains  very  deeply.  Sometimes  a  bridge  of  protoplasm  joins  the  two 
iniclci  across  the  vacuolated  cytoplasm.  In  some  cases  Christophers 
observed  a  "  tail "  of  chromatic  subst^mce  proceeding  from  the  smaller 
nucleus  at  right  angles  to  its  long  axis ;  a  similar  structure  was  observed 
by  James  in  the  parasites  of  orientiil  sore.  The  pirasites  multiply 
by  one  of  two  methods.  The  most  common  method  is  simple  binary 
fission  (Fig.  2G,  B-D) ;  in  an  individual  not  noticeably  above  the  average 
size,  the  two  nuclei  divide,  usually  the  larger  one  first,  and  then  the  body 
divides  along  the  principal  axis,  that  is  longitudinally.  A  less  common 
method  is  midtiple  fission  (Fig.  26,  E) ;  the  parasite  grows  in  size  and  its 
two  nuclei  multiply  to  form  three,  four,  or  more  of  each  kind,  iifter  which 
the  cytoplasm  becomes  segmented  round  couples  of  dissimilar  nuclei  to 
form  as  many  parasites  as  there  are  couples,  each  indi^^dual  so  produced 
being  less  than  the  oitlinary  size. 

The  reason  for  including  the  Leish man-Donovan  bodies  among  the 
Flagellata  is  the  remarkable  fact,  first  discovered  by  Rogers  (70),  whose 
statements  were  confirmed  and  extended  by  Christophers  (18)  and 
Leishman  (45),  that  when  cultivated  in  suiUible  media  and  at  moderate 
temperatures,  the  parasites  undergo  changes  which  result  in  their  becoming 
Herpetomonns-WVQ  flagellate  organisms.  The  period  required  for  this 
development  is  al>out  six  days  in  ordinary  cultures.  Rogers  found,  how- 
ever, that  the  development  could  be  greatly  accelerated  by  slightly  acidu- 
lating the  culture-media,  a  method  to  which  he  was  led  by  an  examination 
of  the  contents  of  the  stomachs  of  various  insects. 

The  first  stage  of  the  development  of  the  pjirasite  in  cultures  is  a  con- 
siderable enlargement  of  the  body  of  the  organism,  combined  with  changes 
in  the  larger  nucleus,  which  increiises  greatly  in  size,  and  becomes  less  com- 
pact in  structure  (Fig.  27  ;  2,  3).  Next,  the  parasites  multiply  by  fission  at 
least  twice,  forming  groups  of  two  or  four  ovoid  bodies.  After  this  there 
appeiirs  in  the  neighbourhood  of  the  smaller  rod-shaped  nucleus,  a  vacuole 
containing  a  substance  which  stains  pink  by  the  Romanowsky  method  (Fig. 
27  ;  4,  5).  The  body  now  becomes  pear-shaped,  and  the  rod-shaped  nucleus, 
with  the  vacuole,  places  itself  near  one  pole  of  the  body,  usually  the  end 
which  is  narrower.  The  vacuole  iiicreiises  in  size  until  it  reaches  the  surface 
of  the  body.  It  then  bursts  or  grows  out  from  the  body,  forming  a  pro 
truding  fringe- like  stnicturc  in  which  a  definite  flagellum  makes  its 
appeanmce,  whether  as  a  condensation  of  the  fringe,  or  as  a  distinct 
formation  in  it,  is  not  (juite  clear  (Fig.  27  ;  G,  7).  When  fully  formed 
the  flagellum  is  relatively  of  considerable  lengtli,  and  takes  origin  near 
the  rod-shaped  nucleus,  which  is  therefore  the  blepharoplast  (Fi^r.  27  ;  8). 
The  larger  chromatic  mass  becomes  the  nucleus.  The  body  of  the 
organism  now  becomes  considerably  elongated,  and  sharply  pointed  at  the 
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antiflagellnr  end,  so  that  the  fliigellav  extremity  is  always  the  blunter  end 
of  the  body. 

In  mnny  of  the  fully  formed  flagellate  individuals  Leishman  found, 
in  addition  to  the  luiclens  and  blepharoplast,  small  grains  of  chromatin, 
generally  in  couples,  a  larger  and  a  smaller  together.  This  state 
of  things  is  perhaps  antecedent  to  the  fact  observed  by  him,  that  by 
a  process  of  markedly  unequal  longitudinal  lission,  niiiuite,  slender, 
"  spirillar  "  forms  are  split  off  from  the  large  i/fiyf/omoirns-like  individuals 
(Fig.  28).  Sometimes  more  than  one  such  spirillar  form  is  split  olT 
simultaneously.  At  first  the  spirillar  forms  have  no  flagelluni,  but  one 
is  subsequently  developed,  and  they  then  shew  much  greater  mobility 
than  the  larger  forms.      No  conjugation  was  observed,  and  no  further 
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development  goes  on  in  the  cultures,  the  organisms  ultimately  degenerat- 
ing and  dying  ofT. 

No  staiies  in  the  natural  development  of  the  parasite  outside  the 
human  body  have  been  obseri'ed,  nor  is  it  known  by  what  agency  the 
parasite'  is  disseminated.  The  parasites  of  oriental  aore  could  l>e  taken 
up  easily  by  the  common  house-fly,  or  any  other  insect  which,  like  it,  is 
nttracte*!  by  open  wounds  or  sores  and  draws  nuui'ishment  from  them. 
This  iloes  not,  however,  apply  to  the  parasites  of  knln  azar,  tor  which  it 
has  I»ceu  suggested  that  some  blood-sucking  arthropoil  acts  as  the 
intermediary,  and  Rogers  has  given  reasons  for  STi8|)ecting  the  bed-bug 
to  be  the  agent  of  infection.  If,  however,  this  is  the  method  by  which 
kala  azar  is  spreafl,  it  is  nnlikely  that  the  invertebrate  host  acquires  the 
infection  in  the  form  of  the  Leisbnum-rtonovan  Iiody,  since  in  this  foi'm 
the  parasite  is  excessively  scarce  in  the  [jeripheral  blood.  The  stages 
olwerved  in  cultures  suggest  the  possibility  that  some  minute  spirillar  oi' 
other  form  may  be  present  in  the  blood,  which,  like  the  micro-organism  of 
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rollon-  fovur,  biis  hitherto  esc!L[]ed  detection,  and  is  perhaps  ultra- micfo- 
t«'"pic  in  size.     Further  light  is  needed  on  this  |M)int. 

Miiny  conlroverted  opinions  have  been  held  as  to  the  sj-stematic 
pi>3ttt(>n  of  the  Leishniun-Donovan  jHirasites.  Leishman,  who  fit-st  dis- 
covered them  in  films  made  post-moriem,  considei-etl  them  to  be  degeiier- 
Kttnl  roniiiins  of  trypanosomes,  altered  in  shape  and  appearance  by  the 
dtvkth  of  the  host.  No  tryjiariosfiniea  have  ever  Itei-n  found,  however,  iu 
the  IiIoihI  of  piitierits  infected  with  these  parasites,  and  the  i 


whioli  they  multiply  and  develop  shews  thnt  their  \-iuility  is  in  no  way 
impjiired.  Livei-an  and  Mcsnil,  to  whom  Donovan  sent  pre]»arations, 
identified  the  jMiriisite  as  a  I'iro/iUmiiii,  and  named  it  /'.  lU'iiormii 
(Xovemlier  'A,  19li3).  As  stated  on  \i.  51,  however,  the  necurrencu  of  the 
[wiiisiti'  iri  red  blood  -  corjinscles  is  controverted,  luid,  aijart  from  the 
doubtful  fornn  fignrtil  by  Ttonovim,  the  piirasite  diflcrs  from  a  I'iro- 
j>h:-ii'i  in  pusMessiny  constjintly  two  chromatic  masses;  inoi-eover, 
no  tliif,'c]Iate  staj:es  iu-e  known  as  yi't  in  any  true  I'iwjthisiiKi.  Ifoss 
cniisidered  it  a  distinct  form  of  protozojHi  jiarasile,  and  named  it 
h-islimiinw  ihimmiii  {November  14,    10li5).     Uright  (8!)),  while  noting 


PROTOZOA  55 


certain  resemblances  to  Microsporidia,  proposed  the  name  Helcosmna 
trojiiatm  (I>eceniber  1903)  for  the  parasite  of  Delhi  sore.  Rogers  con- 
sidered at  fii-st  that  his  discoveries  confirmed  Leishman's  view  that  it 
was  a  trypanosome,  but  since  the  flagellate  phase  never  shews  any  trace 
of  an  undulating  membrane,  he  has  proposed  (71)  to  place  the  organism 
in  the  genus  Ilerpeimnonus.  Leishman  (45)  has  well  pointed  out,  however, 
that  forms  known  from  cultures  cannot  be  taken  as  decisive  of  its  true 
affinities,  since  many  cultural  forms  of  trypanosomes,  e.g.  T.  lewisi,  lack 
all  trace  of  an  undulating  membrane.  Until,  therefore,  the  natural 
flagellate  stages,  which  are  probably  to  be  sought  in  some  insect,  have 
l>een  found,  and  until  also  more  facts  are  known  concerning  the  exogenous 
or  invertebrate  cycle  of  Piroplasma,  it  is  better  to  postpone  judgment 
upon  the  position  of  this  parasite,  and  to  employ  the  generic  name 
J^L<Jimania,  leaving  it  for  the  future  to  decide  whether  Leishmania  will 
rank  as  a  synonym  or  as  a  valid  name.  If  the  para&ites  of  kala  azar  and 
oriental  sore  are  generically  identical  but  specifically  distinct,  as  seems 
very  likely,  then  the  genus  Leishnaixia  will  include  two  species :  L, 
dfmomni  (Lav.  et  Mesn.)  and  L.  tropica  (Wright). 

3.  The  sub -order  Poli/masfirfina  includes  forms  with  more  than  two 
flagella,  and  with  a  special  mouth  aperture  for  ingestion  of  food.  Many 
examples  of  this  sub-order  are  found  parasitic  on  man  or  other  animals. 
None  of  them,  however,  are  pathogenetic  to  man,  and  in  consequence  their 
life -histories  have  been  very  little  studied,  and  the  methods  by  which 
they  obtain  access  to  the  human  body  are  not  known.  The  parasitic  foniis 
may  be  classified  conveniently,  following  Doflein,  into  (a)  Tetramituhvy 
witii  three  or  four  flagella,  all  arising  together ;  (/>)  roh/mastigidfr,  with 
from  four  to  six  anterior  flagella,  and  usually  also  two  posterior  flagella  ; 
and  (<•)  Tnchonifinphidie,  wnth  very  numerous  flagella  arranged  in  tufts. 

In  the  family  Tetramitkhr  the  two  most  familiar  genera  are  Tricho- 
mastLr  Blochmann  and  TriclKnnmms  Donn6.  Trkhomaslijr  has  three 
anterior  flagella,  and  a  large,  backwardly  directed  trailing  flagellum 
(•*  Schleppgeissel ") ;  a  species  occurs  in  the  gut  of  the  lizard,  T.  lacerUv 
Blochmann.  In  Tiichomona^  the  posterior  flagellum  of  the  preceding 
genus  is  represented  by  an  undulating  membrane ;  familiar  human  para- 
sites of  this  genus  are  T.  vagimdis  Donn^  (Fig.  30),  occuiring  commonly  in 
the  vapna,  sometimes  also  in  the  male  urethra,  and  T.  hominis  (Davaine) 
(Fig.  29),  from  the  intestine,  and  found  also  in  the  buccal  cavity  (Prowazek). 

The  family  Polf/jnastigidir  includes,  amongst  other  parasitic  genera,  the 
genus  Ldinhlia  Blanchard,  with  the  single  species  L.  iniestinalis  {Cercomonas 
infest inali.s  Lambl,  Mfgasiomc  enterinun  Grassi).  Lamblia  intfstinaUs  (Fig. 
31)  is  an  intestinal  parasite  of  man  and  various  animals,  occurring 
normally  in  the  duodenum  and  jejunum.  It  has  a  somewhat  flattened 
body,  pear-shaped  in  outline  and  symmetrical,  with  a  large,  sucker-like 
<iepressir»n  on  the  ventral  surface,  by  means  of  which  it  can  adhere  to 
epithelial  cells.  It  has  four  pairs  of  flagella,  all  directed  backwards,  one 
pair  arising  from  the  anterior  ])order  of  the  sucker,  two  pairs  from  the 
posterior  lx)rder  of  the  sucker,  and  one  pair  from  the  narrowed  posterior 
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eiu!  of  the  body, 
host  in  itll  coses. 


It  appears  to  be  a  parasite  perfectly  harmless  to  ii 


The  family  Tric)untt/Mi>hidii'  includes  curious  fomis  from  the  digestive 
tracts   of    Orthoptera   and    TermitUla'.     Diphumnnas  blitll'iriim  Stciii   is  a 


eper.'ies  easily  found    in  the  gut  of   the  eonmiou  cockroach.     The  genus 

Trklioiii/i»iiliii  i«  scinictiiiics  referred  to  the  Cilinta. 

Class  III.  Sporozoa. — EndoiKirasilic  Protozoa,  without  organs  of 
i(H-(>rnotioii,  or  for  the  capture  oi"  digestion  of  food,  in  iho  adult  condi- 
tion ;  i-eju-oduction  always  by  some  method  of  sporulation. 
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The  Sporozoa  are  a  difficult  group  to  define,  since  the  distinctive 
characters  are  principally  of  a  negative  order,  the  result  of  the  peculiar 
ino<le  of  life.  Even  the  characteristic  from  which  the  name  of  the  group 
is  derived,  namely,  reproduction  and  dissemination  by  means  of  resistant 
spores,  is  shared  by  Protozoa  belonging  to  other  groups,  and  is  not  of 
constant  occurrence  in  the  sporozoa  themselves.  The  most  distinctive 
feature  of  the  reproduction  of  the  sporozoa  is  perhaps  not  so  much  the 
general  occurrence  of  sponilation  as  that  the  simpler  method  of  binary 
fission  is  practically  in  abeyance  throughout  the  group,  or  at  least  is 
seldom  found.  Hence  even  the  reproduction  shews  negative  rather  than 
positive  characteristics.  It  is  highly  probable  that  the  sporozoa  are  not 
a  homogeneous  group,  but  are  rather  to  be  considered  as  an  assemblage 
of  forms  characterised  by  a  common  parasitic  habit,  and  derived  probably 
from  at  least  two  distinct  ancestral  sources.  While  one  subclass,  the 
Telasporidia,  is  probably  descended  from  flagellate  ancestors,  the 
Neosporidia,  on  the  other  hand,  shew  unmistakable  affinities  with  the 
Sarcodina. 

As  a  general  rule  among  the  sporozoa,  a  given  species  is  restricted  to 
a  definite  species  of  host,  or  at  least  to  a  few  closely  allied  species.  The 
ivii-asitcs  occupy  every  possible  situation  in  the  bodies  of  their  hosts. 
The  mode  of  occurrence  is  not  necessarily  constant  all  through  the  life- 
hist-ory,  but  a  given  species  may  pass  normally  through  ditterent  phases, 
as  reg;irds  habitat.  It  is  convenient,  however,  to  distinguish  three 
different  modes  of  parasitic  habit,  each  comprising  minor  categories. 
First  in  iniiK)rtance  comes  the  cyUtzoic  habit,  in  which  the  parasites 
are  found  within,  or  attached  to,  cells.  This  habit  is  often  found  as 
an  antece^lent  condition  to  other  modes  of  parasitism,  and  is  perhaps  to 
l>e  regarded  as  the  most  primitive  type  of  parasitism  in  the  whole  group. 
The  second  or  caelozou'  habit  comprises  those  forms  which  are  found  in 
the  internal  cavities  of  the  body,  such  as  the  lumen  of  the  digestive  tract 
and  its  appendages,  the  body-cavity,  the  haemocoele,  or  the  cavities  of  the 
unnary  anfl  reproductive  organs.  Those  found  in  the  gut  itself  may  be 
termed  eiiUrozoic,  as  a  special  subdivision  of  the  ccelozoic  category. 
Oelozoic  forms  may  be  either  free  in  the  space  they  inhabit  or  attached  in 
some  way  to  its  walls.  The  third  category  of  parasitic  habit  is  the 
hhfo:tnt\  comprising  those  forms  which  penetrate  into,  and  are  parasitic 
upon,  the  tissues  of  their  hosts,  where  they  are  found  usually  lodged 
between  the  cells  when  full  grown,  but  in  most,  perhaps  in  all  cases,  the 
youngest  forms  are  intracellular  in  habitat,  and  may  in  some  cases  remain 
.so.  A  special  and  important  category  of  parasites  is  seen  in  the  hnimficoic 
forms  parasitic  in  the  blood  of  vertebrates,  which  are  in  all  cases  primarily 
ifitnicorpuscular  in  habitat,  and  only  secondarily  and  temporarily  free  in 
the  blood  fluid.  The  sporozoa  hsematozoic  in  vertebrata  are  therefore  to 
he  regarded  as  a  special  category  of  the  cytozoic  tv])e.  On  the  other  hand, 
tlie  sporozoa  found  in  the  hsemoca'le  of  invertebrates  are  to  be  regarded 
as  tvpicallv  coelozoic  forms. 

The  body  of  a  sporozoon   may  be  either  naked,  and  then  usually 


58  SYSTEAf  OF  MEDICINE 


anid^boid,  or  limited  by  a  distinct  cutirle  and  of  definite  form.  Amoeboid 
forms  arc  seen  in  some  of  the  Haemosporidia  and  in  the  Myxosi)oridia 
and  Microsporidia.  The  amoeboid  habit  of  the  body  is  not  connected, 
liowovor,  with  locomotion,  but,  if  it  has  any  physiological  significance, 
perhaps  favours  absorption  of  nutriment  at  the  body-surface,  or  may  in 
other  cases  serve  for  temporary  attachment  of  the  parasite  to  internal 
Hurfjujcs  of  the  host  When  the  body  is  of  definite  form,  it  is  primarily 
Hpherical,  as  is  well  seen  in  the  cytozoic  coccidia,  which  frequently  have  a 
very  striking  resemblance  to  an  ovum.  Most  usually,  however,  and  especi- 
ally in  coOozoic  foinis,  the  body  becomes  drawn  out  and  lengthened  along 
a  principal  axis,  and  shews  every  possible  variation  of  form  from  a  more 
or  loss  elongated  ovoid  to  a  slender  worm-like  form.  Such  a  type  is 
especially  common  amongst  the  gregarines,  but  appears  also  in  other 
orders  as  more  or  less  transient  phases,  which  are  frequently  termed 
vermicules  or  are  described  as  gregarinoid.  In  spite  of  possessing  no 
visible  organs  of  locomotion,  both  gregarines  and  the  gregarine-like  phases 
are  often  very  active,  and  exhi])it  not  only  movements  of  contraction  and 
flexion  of  the  body,  but  also  have  the  power  of  gliding  rapidly  forwanls 
in  the  direction  of  the  principal  axis.  While  the  first-mentioned  class 
of  movements  aui  be  explained  without  difficulty  l)y  the  contractility  of 
the  superficial  myonemes  presently  to  be  described,  it  cannot  be  said  that 
an  incontrovertible  explanation  of  the  peculiar  gliding  movements  has 
yet  been  given.  Two  hypotheses  have  been  put  forward  as  to  the  ciuise 
of  the  gliding  movement :  first,  that  it  is  eff'ected  hy  the  secretion  and 
extrusion  of  a  thread  of  gelatinous  substance,  which  pushes  the  animal 
forward  as  it  is  formed  (Schewiakoff") ;  secondly,  that  the  forward  move- 
ment is  due  to  successive  wave-like  contractions  of  the  superficial 
contractile  body-layer  (Crawley). 

The  cytoplasm  of  a  sporozoon  is  commonly  differentiated  into  a  super- 
ficial ectoplasm,  hyaline  in  appearance  and  free  from  coarse  gi*anules,  and 
an  internal,  usually  coarsely  granular,  endoplasm.  The  ectoplasm  may 
be  further  diff*eientiated  into  an  external  protective  layer  termed  a 
cuticle,  ]>eriplast,  or  I'pkj/te,  and  a  more  internal  contractile  layer  or 
vvjorjitc  containing  contractile  fibrils  or  myonemes.  In  motionless  foniis, 
however,  such  as  the  coccidia  and  many  gregarines,  a  myocyte-la^-er  is 
not  ditt'erentiated.  The  endoplasm  is  the  seat  of  nutiitive  activity,  and 
contains,  besides  various  metaplastic  products,  the  nucleus  or  nuclei. 

In  any  sporozoon  it  is  convenient  to  distingiush  sharply  between  the 
nutritive  and  reproductive  activities  of  the  parasite,  even  when  the  two 
l)ha8es  are  not  entirely  distinct  from  one  another  during  the  life-history. 
A  para'site  during  the  nutritive  or  trophic  phase,  when  it  is  absorbing 
initrinient  from  the  host  and  growing  at  the  expense  of  the  latter,  may 
be  terme<l  a  iroplw'jtilc.  As  a  result  of  the  panisitic  mode  of  nutrition, 
the  trophozoites  shew  no  organs  for  the  digestion  of  food,  such  as  food- 
vacuoles,  and  in  a  single  instance  only  has  a  contractile  vacuole  been 
described  in  the  entire  class. 

When  a  trophozoite  has  grown  to  a  ('(Ttain  size,  the  process  of  re|)ro- 
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duction  begins.  The  sporozoa  may  be  divided  into  two  subclasses,  by 
the  relation  of  the  trophic  and  reproductive  phases  (Schaudinn).  In  the 
first  subclass,  the  telosporidia,  the  two  phases  are  entirely  distinct,  and  the 
parasite  first  feeds  and  grows  to  its  full  size  before  reproductive  activity 
commences.  Hence  in  this  subclass  the  trophozoite  always  has  a  single 
nucleus  until,  having  attained  its  limit  of  size,  it  ceases  to  be  a  parasite, 
properly  speaking,  and  commences  to  reproduce  itself.  In  the  subclass 
iieosporidia,  on  the  other  hand,  the  trophozoite  usually  commences  its 
reproductive  activity  at  a  very  early  period  of  its  growth,  and  from  that 
time  onwards  growth  and  reproduction  go  on  simultaneously.  Hence  in 
the  neosporidia  the  trophozoite  is  uninucleate  only  in  its  earliest  stage, 
and  very  soon  becomes,  and  remains,  multinucleate. 

The  reproduction,  as  has  been  said,  takes  almost  invariably  the  form 
of  sporulation,  in  which  process  also  the  two  subclasses  shew  characteristic 
differences.  In  all  cases  alike  the  sporulation  commences  with  the 
sepamtion  from  the  parent  body  of  small  uninucleate  masses  of  protoplasm 
which  may  be  termed  generally  spore-mother-cells.  In  the  telosporidia, 
after  rapid  and  repeated  multiplication  of  the  inicleus,  the  body  breaks 
up  into  a  number  of  spore-mother-cells,  formed  simultaneously  by  con- 
striction off  from  the  surface  of  the  body  of  small  masses  of  protoplasm 
round  each  of  the  nuclei,  which  have  previously  tnivelled  to  the 
periphery.  The  central  portion  of  the  body  is  left  over  as  residual 
protoplasm  which  disintegrates  and  takes  no  further  share  in  the  develop- 
ment. In  the  neosporidia,  however,  in  which  multiplication  of  the  nucleus 
commences  early  and  proceeds  continuously,  the  sjwre-mother-cells  are 
formed  in  the  interioi*  of  the  body  by  concentration  of  the  protoplasm 
round  one  of  the  nuclei,  and  spore-formation  goes  on  continuously  in  this 
manner.  Hence  a  typical  neosporidian  consists  of  a  central  mass  of 
spores  enveloped  in  a  peripheral  layer  of  growing  protoplasm,  while  in  a 
typical  telosporidian,  in  which  reproduction  is  complete,  a  number  of 
peripherally  situated  spores  are  foimd  surrounding  a  centrally  placed 
mass  of  residual,  disintegrating  protoplasm.  From  the  differences  in 
their  methods  of  sporulation,  the  two  divisions  here  classified  as  telo- 
sporidia and  neosporidia  were  named  by  Metchnikoff  "  Sporozoaires 
Exosporees  "  and  "  Endospor^es  "  respectively 

From  the  s{X)re-mother-cells  mentioned  in  the  preceding  paragraph 
arise  the  spores,  but  in  different  ways  in  diftercnt  cases.  In  the  telo- 
sporidia not  more  than  one  spore  arises  from  a  spore-mother-cell,  which 
may,  therefore,  be  termed  simply  a  spnrohlaslj  using  this  term  to  denote  in 
all  cases  the  mass  of  protoplasm  from  which  a  single  spore  develops.  In 
the  neosporidia,  ho^'ever,  at  leiist  two  spores,  often  more,  are  formed 
commonly  from  a  single  spore-mother-cell,  which  is  then  distinguished  as 
a  ]nni.^fyyrohlad,  each  pansporol)last  giving  rise  to  a  definite  number  of  true 
sp<^>roblasts,  from  each  of  which  a  single  spore  is  formed.  The  sporoblast, 
however  formed,  may,  in  the  first  place,  simply  become  a  spore  without 
further  change  except  perhaps  one  of  form,  remaining  naked  at  the  surface 
without  any  protective  envelope.     Such  a  spore  may  be  termed  generally 
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a  otfmnospon'j  thougli  it  may  have  other  special  names  in  special  cases, 
hi  llio  socoiid  place,  the  sporoblast  may  produce  at  the  surface  of  its 
nit^loplasm  a  protective  coat  of  tough  resistant  material,  and  thereby 
Uooonio  a  body  which,  in  a  strict  terminology,  should  be  distinguished  as 
rt  ,•  i/.M;*/A/f>syv>/v  (Dauers[)ore,  resistant  spore),  but  which,  by  long  usage,  is 
univtM'Hally  termed  a  spore  simply,  such  spores  being  especially  chai-acter- 
i^tii'  of  tiie  sporozoa.  By  Johannes  Midler  such  spores  were  termed 
»*  p^nrosporms,"  a  name  used  by  subsequent  writers  in  various  senses,  but 
ijtMiiM'ully  to  demote  all  phases  or  orders  of  sporozoa,  and  hence  diseases 
ohuhimI  bv  sporozoa  are  often  termed  collectively  psorospermoses. 

Tht^  process  of  multiplication  may  end  with  the  formation  of  the 
uporc,  but  <loos  not  necessarily  do  so.  In  the  telosporidia,  the  spore- 
nri»t<>plas!n,  whether  naked  or  protected,  may  be  further  divided  up  to 
form  Hickle-shaped  germs  termed  sporozoifea^  (falciform  bodies,  Sichelkeime), 
iW  without  division  may  become  a  single  such  germ.  Each  sporozoite  is 
u  minute  and  active  vermicule,  which  represents  at  the  same  time  the 
oonHUinniation  of  the  reproductive  phase,  and  the  commencement  of  a  new 
tropiiic  phase,  in  the  telosporidia.  Hence  in  this  group  the  sporozoites 
oorre.Hpond  to  swarm -spores  and  Uike  the  place,  as  it  were,  of  the 
iiiuu'bula^  and  fiagellulai  of  other  groups  of  Protozoa.  In  neosporidia  the 
Hpore-protoplasm  does  not,  as  a  rule,  produce  sporozoites,  but  it  is  set 
friM'  in  most  cases,  appan^ntly,  as  a  minute  amoebida.  Finally,  it  should 
In^  stated  that  the  sp(jruLition  in  telosporidia  may  or  may  not  take  place 
witliin  a  cyst,  and  may  or  may  not  be  preceded  by  conjugation.  In 
no()spori<lia  conjugation  has  not  been  observed  with  cerUiinty.  In  the 
t^ametc^s  of  telosporidia  we  find  every  condition  from  complete  isogamy  to 
highly  ditierentiated  anisogamy. 

From  the  preceding  paiagraph  it  will  be  seen  that  the  spore-formation 
'lA  highly  specialised  and  diversified  in  character.  This  phase  of  repro- 
duction is  best  considered  in  connexion  with  the  mode  of  dissemination 
of  these  parasites,  to  which  the  variations  observed  in  spore-formation  are 
simplv  so  many  adaptfvtions.  Speaking  generally,  the  sporulation  may 
have  one  of  two  results,  either  to  increase  the  numlwrs  of  the  parasite 
within  the  host,  or  to  ])ring  about  the  infection  of  fresh  hosts.  Repro- 
duction directed  towards  the  first  of  the  ends  is  termed  emlogoious^ 
towards  tlu?  second  e.rotjnious.  It  may  be  supposed  that  ])rimitively  the 
two  methods  of  reproduction  would  have  been  similar  in  character,  if 
different  in  results,  as  is  still  the  case  in  many  fomis ;  but  increasing 
complexity  in  the  life-cycle  and  in  the  structural  adaptation  of  its  different 
phases  brings  about  a  generally  prevailing  dissimilarity  between  the 
endom?nous  and  the  exogenous  cvcles,  the  former  beintj  known  as 
aclthogonii^  the  latter  as  spwogonij.  In  telospoiidia  the  former  is  always 
non -sexual,  while  the  latter,  in  all  cases  accuratelv  studied,  is  always 
connected  with  conjugation  in  some  form. 

'  Many  Enj^lish  authors  spell  this  wonl  .^poroz^y'ii,  apparently  in  imitation  of  the  German 
vpellin^'.  It  may  be  pointed  out  that  the  word  was  coine<l  by  a  French  writer  nntl  spelt  iU« 
ill  this  article. 
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In  considering  tlie  modes  by  which  fresh  hosts  are  infected,  it  is 
well  to  se|)arate  first  the  special  case  of  the  order  hsemosporidisi,  which, 
as  blood-parasites  of  vertebrates,  are  disseminated,  like  the  hiematozoic 
flagellates,  by  the  intermediary  of  an  invertebrate  host,  a  blood^sucking 
arthropod  or  leech.  Here  the  endogenons,  non- sexual  schizogony  is 
found  in  the  vertebrate  host ;  the  exogenous,  sexual  sporogony  in  the 
invertebrate  host  alone.  In  the  inoculative  method  of  infection  charac- 
teristic of  the  hajmosporidia  no  resistant  spores,  but  only  g)  mnospores 
are  found  at  any  stage  in  the  life-cycle,  since  the  parasite  is  never  outside 
the  sheltering  body  of  the  one  or  the  other  of  its  two  hosts.  In  all  other 
sporozoa,  so  far  as  is  known,  the  method  of  infection  is  a  casual  or 
accidental  one.  Spores  cast  out  from  the  body  of  the  host  are 
accidentalh''  swallowed  by  a  new  host,  in  which  they  germinate.  Thus 
the  parasitic  cycle  starts  from  the  digestive  tract  in  idl  cases.  In  the 
casual  method  the  parasitic  germs  must  be  exposed  for  a  time  to  the 
vicissitudes  of  the  outer  world,  and  it  is  as  a  protection  during  this 
period  that  the  characteristic  spore-envelopes  and  cysts  are  developed,  all 
to  be  dissolved  up  or  cast  aside  when  taken  into  the  new  host.  Hence 
in  sporozoa  generally,  the  exogenous  cycle  is  characterised  by  the  forma- 
tion of  protective  envelopes  which  in  the  endogenous  cycle  are  quite 
absent,  being  quite  unnecessary.  Resistant  cysts  and  spores  characterise 
exogeny  ;  gymnospores,  without  cysts,  characterise  endogeny.  The 
further  multiplication  of  the  parasitic  germs  within  the  spores  is  merely 
an  instance  of  the  prolific  fertility  which  so  frequently  characterises 
parasitic  life-cycles. 

In  many  instances  among  sporozoa  ordinary  or  casual  infection  is 
supplemented  by  hereditary  or  germinative  infection,  in  which  the  para- 
sites pass  from  one  animal  to  its  descendants  through  the  reproductive 
organs.  In  the  case  best  known,  th.it  of  Gliigea  hvmhycis  of  the  silkworm 
disease,  resistant  spores  are  formed  in  the  ovum  and  germinate  in  the 
next  generation.  Instances  of  hereditary  infection  are  of  most  frequent 
occurrence  in  haematozoic  forms  which  are  transmitted  by  an  intermediate 
invertebrate  host,  and  for  such  c<ises  it  may  become  the  rule  that  the 
parasite  passes  through  two  generations  of  the  invertebrate.  For  an 
enumeration  of  these  cases  see  Mesnil  [51], 

Subclass  I  of  the  Sporozoa. — Telospoiic/ia. — Trophic  and  reproductive 
phases  distinct,  alternating  with  each  other ;  trophozoites  uninucleate  ; 
sponilation  of  superficial  type  (hence  Exospor^es  Metchnikoff) ;  swarm- 
s|>ore  a  spoiozoite  or  falciform  young. 

Three  orders  are  included  in  this  division  —  the  Gregarinoidea, 
Coccidiidea,  and  Hsemosporidia. 

1.  Gregarinoidta, — The  gregarines  are  telosporidia  characterised  by 
a  c(plozoic  habitat,  as  well  as  by  certain  peculiarities  in  the  reproduction 
(sporogony)  presently  to  be  described. 

The  gregarines  include  the  largest  and  most  differentiated  of  the 
sporozoa.  As  parasites  they  are  not  known  to  occur  in  any  true 
vertebrate,    although    they    occur     not    uncommonly    in     Prochordata 


63 


SYSTEM  OF  MEDICINE 


(AsckiiunB  and  Am[jhioxiis).  They  are  pre  -  eminently  parasitea  of 
nrthropods,  btil  occur  commonly  also  in  worms  and  in  echinoderms.  In 
molluscs  they  are  very  rure.  In  all  cases  they  appear  to  b«  very  harm- 
lesit  jiarasites. 

The  gregarines  are  primarily  parasites  of  the  digestive  tract,  in 
which,  ill  the  earliest  stages,  the  trophozoite  is  cytoKoic,  being  attached 
to,  or  cintiiined  in,  an  epithelial  cell  of  the  gut  (Fig.  32).  When  the 
host-cell  is  used  up,  the  young  trophozoite  becomes  c(elozoic  in  habit. 
Either  it  di-ops  back  into  the  lumen  of  the  digestive  tract,  which 
iilways  occurs  when  the  penetration  of  the  host-cell  is  only  partial 
in  the  first  instjince ;  or  it  passes  right  through  the  wall  of  the  gut 
mid  comes  to  lie  either  in  the  vascular  system  or  in  the  body-ca\ity. 


(Tie^irinea  in  the  lattei  position  tre  commonly  spoken  of  as  "ccelomic," 

Hitliout  distuigiiishinj;  between  cases  where  the  body-cavity  is  morpho- 
I  o'"'"j  »  ""«  ctelom  as  in  annelids  or  a  portion  of  the  hiemoctHie,  as 
in  atthropoils  U  hen  speLial  poitiotis  of  the  cwlom  arc  separated  for 
t  pirticuhr  function  is  in  the  cise  of  the  vesicula;  seminalea  of  the 
cuthnorm  the  cibIozoic  st  iges  nnj  be  found  in  these  organs. 

In  the  puticuhi  caMti  Mhiche\er  it  ma\  be,  that  the  trophozoite 
selects  It  ibsorljs  n  itiiiuent  and  gradu  illy  becomes  full-grown  anil  ripe 
for  spoiuKtion  l<ieguines  jf  entero^OR  h-ibibit  may  lie  (piito  free  in 
the  lumen  of  the  intestine  or  may  ix.  attached  to  its  epithelium  by 
speciU  olp,H1^  of  fixition  (Figi  33  (4)  Those,  of  ai'lomic  habitat  may 
be  fret  in  tht.  l>odj  ca^itv  oi  its  dependencies  or  may  be  attached  to 
lis  walls  b\  tissue  gron ths  fomiin,  c\ats  iieict  however,  by  organs  of 
fixutinn 


The  body-fomi  of  gregarines  ia  always  definite,  never  Hma;boid,  and 
varies  fi-(ini  n  sphere  or  ovoid  to  an  elongnCed  worm-liko  shape.  In  those 
which  attach  themselves  to  the  epithelium  the  fixation  is  ofleeted  hy  ■ 
means  of  an  organ  termed  an  fpinwrUt,  derived  from  the  rostnim  of  the 
s|ior<izuite  (Fi^'.  34).  The  epimerite  is  always  cast  off  before  sporulation, 
oft«n  at  (jiiite  an  early  Btape  in  the  growth  of  the  trophozoite.      Hence 


■•roniui  tu  i.n  F|>lilu-lial  c-" 
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gregarines  are  often  distinguished  as  cepbtloiits,  with  an  epimerite,  from 
sporotits,  which  are  without  it ;  bnt  in  many  gregarines,  especially  those  of 
esirly  inti'accllnlar  and  later  e<t.-loiuie  habibit,  no  epimerite  is  foiined  at 
iiny  stage.  By  the  presence  or  alwence  of  this  organ  gregarines  are  cljissified 
into  Cephalina  and  Acephalina.  In  many  Cephalina  the  l)ody  behind 
the  ejiimente  is  further  subdivided  bv  a  septum  into  iin  anterior  [Kirtion 
termed  a  iT'iloiiierik  and  a  [josterior  poi'tion  tenned  a  •li-iitommtv.  The 
hinlogicat  signilicance  of  the  septate  condition  is  not  clear. 

The   body  is  composed   ii.siially  of  granular  endoplasm  ami    hyaline 
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i^-ujpLi£ni,  The  latter  in  its  fullest  development  forms  three  layers,  most 
extenially  :>  protective  tpinile,  inteniiilly  to  this  the  sarcocyli;  and  must 
iiiieriuilly  a  layer  of  contractile  niyoiieiiies,  termed  the  myifjite.  (Jregar- 
'mt*  III  co'loniic  habitat,  however,  are  more  often  motioiilesa  and  have 
HO  luy'iiiemeB.  The  ectoplasm  then  is  a  scarcely  distinguishable  clearer 
layer  under  the  cuticle.  The  etidoplasm  contains  the  nucleus,  always 
single,   of  large   size  and  spherical   form,    and  containing  one    or  more 

The  rejiroduction  of  gregarines  consists  in  the  last  majority  of  cases 
of  Kjorogony  alone,  which  has  typically  the  following  course  (i'ig.  35).    Two 


full-grown  sporonts,  perfectly  similar  one  to  the  other  in  character,  come 
together  and  hecome  very  intimately  a|ipose<l,  the  adjacent  surfaces 
lieing  flattened  by  mutual  contact,  and  the  two  bodies  lieing  sometimes 
chisely  entwined.  Uound  the  two  individuals  thus  associatwl  a  cyst-wall 
is  secreted  (Fig.  .1.'),  a),  after  which  they  are  quite  independent  of  the  host, 
and  the  sul>sei|uent  development  may  go  nn  in  the  open.  In  each  indi- 
vidual a  nuclear  spindle  is  foi-med,  but  only  fi-om  a  ^ery  small  part  of 
the  large  nucleus  of  the  trophozoite.  The  remainder  of  the  original 
nucleus  degenerates.  The  spindle  gives  rise  to  two  daughter-nuclei,  which 
ilivide  aL;ain  and  ag;iin  by  mitosis,  fniTuing  a  very  large  luimber  of  small 
iniclei.  These  travel  to  the  surface  of  the  sporonts  (Fig.  35,  r:),  and  each 
becomes  budded  off'  from  the  surface  with  a  small  amount  of  protoplasm 
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fts  a  uninucleate  cell,  the  primary  sporoblast.  The  greater  part  of  the 
protoplasm  of  each  sporont  is  left  over  as  a  central  mass  of  residual  proto- 
plasm, containing  the  remains  of  the  trophozoite-nucleus.  The  primary 
6}x>robIasts  become  the  gametes. 

The  gametes  may  be  exactly  alike,  or  may  be  differentiated  into  male 
and  female,  which  may  further  be  equal  in  bulk,  or  as  in  other  gametes,  the 
difference  in  size  between  male  and  female  may  be  very  marked  (Fig.  36). 
In  either  case  the  male  forms  acquire  a  flagellum  and  a  more  elongated  form 
of  body  and  become  motile,  while  the  females  are  simply  rounded  cells 
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I"i«i.  i«*i.— Df'Vi-loiinient  of  th«»  ganiet/eg  and  fert  Hi  nation  in  a  ffrcparin*»(.sY}/7orAi/»MAH« /on  j^iro//i*  Stein), 
.t,  tin'lifferentiatfd  gamete  ntill  attachwl  to  the  bmly  of  the  parent  gametocyte  ;  h,  r,  (/,  cvolntion 
of  the  niotih*  male  piniete  ;  t,  matun*  female  gamete ;  /,  tinion  of  the  gametes ;  p,  nearly  complete 
ftiMiun  of  the  gametes ;  fc,  the  zygj^te,  in  i  commencing  to  fonu  the  spore.  Fioui  Minchin,  after 
l.«n:»rr,  li*00. 

without  locomotor  organs.  When  the  gametes  are  thus  differentiated, 
the  sporonts  from  which  they  arise  occupy  distinct  chambers  separated 
by  a  iMirtition  in  the  cyst.  Then  in  one  chamber  male  gametes  only,  in 
the  other  female  only  are  formed,  shewing  that  the  sporonts  were  of 
different  sexes,  although  the  differentiation  was  not  apparent.  AVhen 
the  gametes  are  ripe  the  active  male  forms  break  through  the  partition 
into  the  female  chamber,  and  conjugate  with  the  inert  female  gametes. 

In  the  zygote  both  body  and  nucleus  fuse  completely  to  form 
the  definitive  sporoblast,  round  which  appears  a  delicate  membrane, 
very  soon  thickened  to  form  the  sporocyst  or  spore-envelope,  and  at  the 
same  time  the  body  assumes  a  definite  form,  usually  that  of  a  barrel  or 
spindle.     Thus  arises  the  characteristic  gregarine  spore,  oft«n  termed  by 
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older  writers  n  pseudonavJcella,  on  account  of  its  resemblance  to  a  diatom 
of  the  genus  A'lU'ireHrt  (Fig.  37).     Each  spore  contains  at  firstasimple  mass 
of  protoplasm  with  a  single  nucleus.     Tlie  latter  divides  successively  into 
two,  four,  and  eight  small  nuclei,  and 
then  the  protoplasm  becomes  split  in 
a    longitudinal    direction    into    eight 
falciform  bodies  or  sporozoitea,  arranged 
meridionally   round  a  small   quantity 
of    residual     protoplasm,     the    sporal 
residuum.    Each  s[)orozoite  is  a  minute 
slender  gregarinoid  individual  contain- 
A  B  C-  D  ing  a  compressed,  refringent  nucleus. 

rio.»T.-Dfi-ekii.iii.iituf  iiiP^poreirfuKnTO-   When  Set  free  from  the  spore,  an  event 
S5t';SK'c!;,;1i'S,3K'S*.S;;   »-WcI>   ■PPrar.  K.  «cur    no™.IIy   in 
T'tiUMiir-  ITiihtT*'^/!*-'  riFn^!.*uli   ^^  digestive  tract  of  a  fresh  host,  the 
pmi'ii.i"-Mi:  i>,iiiiii,'n"miwtiriT.»is.ii«ti™   sporozoltes  perform  active  movements 
.III  f>..i,«  ir    iiM  1.        ijQtIi  of  contractility  and  gliding  loco- 
motion,  and    by  a  combination    of    these    movements   tbey   reach    and 
penetrate  into  a  host^jell.     The  anterior  extremity  is  commonly  difTeren- 
tiated  as  a  rostnim,  an   organ  of   penetration  and  attachment,  perhaps 
representing  the  tlagellum    of    the    Kfastigophoran   ancestor.     A    fresh 
trophic  cycle  is  now  started. 

The  gregarinea  are  an  extremely  numerous  order,  and  are  differen- 
tiated into  many  families  and  genera.  They  may  be  classilied  as 
follows:— 

Sub -order  I.  —  Schho^egariiia. — This  sub -order  includes  two 
geiier'a,  Schhornslrs  Linger  and  Ophrijoi;ysHs  Schneider,  which  have  as  a 
common  feature  reproduction  by  schizogony.  In  Ojihri/oct/slis  the  body 
ivas  formerly  wrongly  described  as  amceboid,  and  hence  this  genus  was 
placed  in  a  special  oi-der,  named  Ama'bosporidia. 

iSulmrder  II. — Eiigreguriiiw. — ^Schizogony  very  exceptional,  and  only 
occurs  during  the  early  cytozoic  phase,  if  at  all. 

Tribe  1. — Acephalinsi. — Without  epimerite  and  non-septate.  Most  of 
the  members  of  this  suborder  are  "  cirlomie "  parasites,  the  youngest 
trophozoites  being  completely  intraceliuhu'.  The  best-known  genus  Is 
Afonnci/Mis  Stein,  of  which  at  least  two  species  occur  almost  constantly 
in  the  vesicnla;  seminales  of  the  earthworm. 

Tribe  2. — C'ephalina. — With  an  epimerite,  usually  also  septate,  some- 
times, however,  nou-septate. 

A  great  number  of  genera  are  referred  to  this  subdivision.  The 
type-genus  Greijnrimi  Dufour  includes  some  very  common  species,  among 
which  may  be  noted  G.  ovitii  Duf.  from  the  earwig ;  (i.  httiUarum  Siebold 
from  the  common  cockroach ;  and  G.  p'tli/itiorpha  Hamnicrschmidt  from 
the  meal-worm  ;  in  each  case  intestinal  parasites. 

Mention  must  be  made  finally  of  the  remarkable  form  described  by 
Xiisbiium  as  a  gregarine  under  the  name  Si-kiiiiilin»fl/ii  henkn;  parasitic  in 
the  intestine  of  an  obgochaste  worm  Ilenlea  leplodera.     In  this  parasite  the 
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trophozoites  have  an  epimerite  but  are  non-septate,  and  are  distinguish- 
able into  male  and  female  forms.  Without  encystation  or  association  the 
trophozoites  break  up  into  gametes,  the  female  forms  into  a  few  rounded 
ovum-like  macrogamctes,  the  male  forms  into  numerous  minute  micro- 
gametes.  Fertilisation  takes  place,  and  of  the  zygotes,  some  pass  out  of 
the  intestine  with  the  dejecta,  and  others  penetrate  into  the  epithelium  of 
the  gut  and  there  si)orulate,  producing  sporozoites  which  attach  themselves 
to  the  epithelium  and  give  rise  to  the  adult  trophozoites  again,  thus 
bringing  about  an  auto -infection  of  the  host.  It  is  evident  that  if 
ScJuiudimiella  be  a  gregarine  at  all,  it  differs  from  all  other  known  repre- 
sentatives of  the  order  in  its  method  of  reproduction,  and  it  should 
perhaps  be  regarded  rather  as  representing  a  distinct  order  of  telo- 
sporidia  intermediate  between  gregarines  and  coccidia. 

2.  The  Coccidiidea, — Telosporidia  typically  of  cytozoic  habitat,  para- 
sites of  epithelial  cells,  and  always  with  distinct  alternations  of  genera- 
tions—  namely,  endogenous,  non- sexual  schizogony,  and  exogenous, 
sexual  sporogony. 

Only  in  a  single  case  has  a  coccidian  parasite  of  coelozoic  habit  been 
described.  In  all  other  known  cases  the  parasite  is  intracellular  during 
the  entire  trophic  phase,  living  at  the  expense  of  a  single  epithelial  cell, 
which  it  completely  destroys.  Within  the  host-cell  the  jmrasite  grows 
into  a  rounded  or  spherical  body,  often  with  a  marked  resemblance,  both 
in  cytoplasm  and  nucleus,  to  an  ovum.  Hence  the  coccidia  were  some- 
times described  by  older  writers  as  "  egg-like  psorosperms."  When  the 
trophic  phase  is  at  an  end,  the  parasite  abandons  the  withered  host-cell 
.and  usually  drops  from  the  epithelium  into  the  cavity  lined  by  it,  in  order 
to  sponilate,  whether  by  the  method  of  schizogony  or  sporogony. 
The  epithelium  most  usually  attacked  by  coccidian  parasites  is  that  of 
the  gut  or  its  dependencies,  such  as  the  liver  ;  but  other  internal  organs, 
such  lis  the  kidney,  may  be  attacked.  In  no  case  is  the  epidermis  or 
external  body-epithelium  known  to  be  infected  by  true  coccidia. 

Speaking  generally,  coccidia  occur  frequently  as  parasites  of  those 
groups  in  which  gregarines  are  rare  or  unknown,  such  as  molluscs  and 
vertebrates.  On  the  other  hand,  they  are  found  sparingly  in  those 
groups  in  which  gregarines  are  common.  In  arthropods  they  are  known 
in  myriapods  and  a  few  insects,  and  in  annelids  they  are  rarely  found. 
Quito  recently  a  parasite  apparently  belonging  to  this  order  has  been 
descril>ed  attacking  a  gregarine.  Many  intracellular  parasites,  however, 
of  one  sort  or  another  have  been  wrongly  referred  to  this  order,  and  it 
cannot  be  too  strongly  emphasised  that  an  intracellular  habitat  is  not  the 
only  characteristic  of  a  coccidian  parasite.  In  the  vertebrata  the  coccidia 
have  been  found  in  all  classes,  and  are  alleged  to  occur  in  man,  but  no 
case  of  human  coccidiosis  has  yet  been  satisfactorily  investigated.^ 

The  infection  of  coccidian  parasites  appears  to  start  in  all  cases  from 
the    digestive  tract  of   the   host,  as  in  the  case  of  gregarines.     Spores 

'  For  an  account  of  the  cases  known  of  coccidia  occurring  in  man  see  article  "  Psoro- 
^permottti^"  ;  also  Brauu  (8),  Blauchard  (3),  and  Lithe  (46). 
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accidentally  swallowed  with  the  food  are  acted  upon  by  the  digestive 
juices,  causing  the  contained  sporozoites  to  be  liberated.  In  the  case  of 
the  common  coccidian  parasite  of  the  rabbit,  it  has  been  shewn  that  the 
germination  of  the  spores  is  brought  about  by  the  action  of  the  pancreatic 
secretion,  while  the  gastric  juice  has  no  effect  upon  them.  Each  sporozoite 
attacks  and  penetrates  into  an  epithelial  cell,  usually  of  the  intestine,  but 
sometimes,  as  already  stated,  of  some  other  internal  organ,  in  which  case 
the  sporozoites  must  pass  through  the  wall  of  the  digestive  tract  and  go 
through  more  or  less  extensive  migrations  in  the  body  of  the  host. 
Within  the  host  -  cell  the  trophozoite  may  grow  up  either  to  becooje 
a  scJiizimt,  multiplying  by  schizogony,  or  a  sporont,  multiplying  by 
sporogony  (Fig.  38). 

The  schizonts  are  generally  formed  at  the  earlier  periods  of  the 
infection,  when  the  parasites  are  still  few,  the  nutriment  consequently 
plentiful,  and  the  host  scarcely  or  not  at  all  affected  by  them.  A 
trophozoite  destined  to  be  a  schizont  grows  rapidly,  and  when  full  grown 
its  nucleus  multiplies  by  repeated  division  to  fonn  several  nuclei,  round 
each  of  which  the  protoplasm  segments  to  form  a  gymnosjwre,  similar  in 
the  main  to  a  sporozoite,  but  on  account  of  its  different  ongin  termed  a 
merozoite  (Fig.  38,  II-IV).  The  merozoites  are  commonly,  though  not 
invariably,  arranged  like  the  staves  of  a  barrel  round  a  central  mass 
of  residual  protoplasm,  the  whole  being  a  so-called  "corps  en  barillet,** 
which  may  be  enclosed  in  a  cj/toci/st,  that  is  to  say,  in  the  remains  of  the 
host-cell,  but  not  in  any  secreted  protective  cyst. 

The  merozoites  soon  separate  off  and  wander  away  as  tiny  gregarinoid 
bodies,  each  of  which  attacks  an  epithelial  cell,  as  did  the  sporozoites  in 
the  first  instance.  Thus  arises  another  generation  of  trophozoites,  which 
may  in  their  turn  grow  up  to  become  either  schizonts  or  sporonts. 
Usually,  however,  several  generations  of  schizogony  first  run  their  course, 
whereby  the  host  becomes  overrun  by  the  parasite  and  may  be  greatly 
weakened,  before  sporonts  appear. 

In  proportion  as  the  effects  of  the  continually  increasing  numbers  of 
the  parasites  begin  to  make  themselves  felt  by  the  host,  so  the  host 
begins  to  react  on  the  parasites,  either  by  scarcity  of  nutrition,  owing  to 
the  i-avages  of  the  parasite  in  the  tissues,  or  by  defensive  processes  of  one 
kind  or  another.  As  a  result,  the  process  of  multiplication  by  sporogony 
begins  to  supplement  that  of  schizogony  to  an  ever-increasing  degree, 
until  finally  only  resistant  cysts  and  spores  are  found,  which  pass  out  of 
the  host.  The  body  is  thus  gradually  purged  of  the  parasites,  with 
consequent  healing  and  recovery  from  their  effects.  The  host  is  not, 
however,  thereby  rendered  immune  to  a  fresh  infection  (Schaudinn). 
Iti  reproduction  by  sporogony  the  process  is  initiated  by  merozoites 
developing  into  sporonts  instead  of  into  schizonts.  The  sporonts  arc 
trophozoites,  which  grow  much  more  slowly  than  the  schizonts,  and 
which  are  differentiated  into  two  kinds,  distinguishable  by  the  characters 
of  their  cytoplasm  and  nucleus  both  from  one  another  and  from  the 
indifferent  schizonts.     In  one  class  of  sporont  the  cytoplasm  is  relatively 
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clear  and  free  from  coitrse  gniiiulationa,  and  the  nucleus  ia  large ;  these 
are  the  sporoiits  of  male  character  or  micrognmetoeytes  (Fig.  38,  VI  i\ 
III  the  other  type  of  sporont  the  cytoplasm  ia  opaqne,  and  loaded  with 
coarse  granules  or  sphi^rnles  of  plastin,  and  the  nucleus  is  relatively 
small ;  these  are  sporonts  of  female  character,  macrogametocytes  (Fig.  38, 
VI  J).  Iti  some  cases  the  female  sporonts  may  be  very  much  larger 
than  the  males,  and  early  association,  as  in  gregarlnes,  may  take  place 
between  them,  a  well-known  example  of  wliich  is  Adehix  oratit,  parasite 
of  Lithobiuj  forjiivlus  (Fig.    40).     In    some    coccidia    the    schizonts    are 
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sexually  differentiated  from  the  first  as  well  as  the  sporonts,  and  there 
are  no  schizonts  of  indifferent  character.  There  is  then  a  series  of 
Kchizogonous  generations  of  male  or  female  forms,  of  which  the  end  term 
in  each  case  is  the  gametocyte  which  pi'oduces  the  gametes  (Fig.  30). 

The  microgametocytCH  produce  miirogametea  by  a  pi-ocess  of  si>orula- 
tioii.  Schaiidinn  describes  the  process  in  CmciiUiim  sdivJitniji  as  com- 
mencing by  the  lar'^e,  centrally  placed  nucleus  giving  off  very  numerous 
chromidia,  minute  grannies  of  chi-omatin,  into  the  cytoplasm.  The 
chromidia  travel  to  the  surface  of  the  body  and  become  concentrated  into 
psitchcs,  each  such  patch  becoming  further  condensed  into  a  nucleus 
consistirif^  tdtiniatoly  of  closely  packed,   retringent  chromatin  (Fig.  38, 


VII  6 ).  Each  niicletia  thus  formed  becomes  elongated  in  form,  and 
gradually  separates  off  from  the  parent  body  to  form  a  microgamete, 
which  consists  mainly  of  chromatin  with  a  scarcely  perceptible  envelope 
of  protoplasm  (Fig.  38,  \'III  S ).  In  most  cases  the  microgametes  have 
two  Amelia,  usually  differing  in  length  and  movements;  tbey  either 
arise  both  together  from  the  end  anterior  in  movement,  or  one  arises 
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from  the  anterior,  the  other  from  the  posterior  end,  so  that  the  arrange- 
ment of  the  flagetla  is  distinctly  of  the  hctcromastigote  type.  In 
some  cases  no  ftagella  are  present,  and  the  microgamete  progi-esses  by 
serpentine  movements  of  the  whole  l>ody.  Usually  very  immerouH 
microgatnetes  are  prodnccd  fi'om  each  parent  gametocj'te,  but  in 
cases  where  early  association  of  the  sporont  occurs,  as  in  Jdelm  onila 
mentioned  above,  the  number  of  microgametes  may  be  reduced  to  four 
only.     After  formatjou  of  the  microgametes,  the  iKKJy  of  the  microgamo- 
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tocyte  or  sporont,  scarcely  reduced  in  size,  gradually  dies  off  and  disin- 
tegrates, together  with  the  remains  of  the  large  sporont  nucleus. 

In  female  sporonts  or  macrogametocytes  the  process  of  sporulation  to 
produce  gametes  is^  in  abeyance,  and  each  macrogiimetocyte  simply 
becomes  a  macrogamete  after  going  through  a  process  of  maturation  by 
elimination  of  a  portion  of  the  nuclear  substance.  The  manner  in  which 
this  maturation  is  effected  appears  to  vary  considerably  in  the  group.  In 
Coccidium  scliubcrtji  Schaudinn  describes  it  as  taking  place  simply  by  the 
ejection  of  the  karyosome,  first  from  the  nucleus,  then  from  the  body  of 
the  sporont  (Fig.  38,  VII  ?  ).  In  Cydospora  caryolj/iica  of  the  mole  the 
same  author  describes  two  divisions  of  the  nucleus  forming  three  nuclei, 
two  of  which  degenerate,  while  the  third  becomes  the  pronucleus. 

A  single  microgamete,  as  a  rule,  penetrates  into  the  cytoplasm  of  the 
macrogamete,  which  forms  a  "  cone  of  reception  "  at  the  point  of  entry 
(Fig.  38,  VIII  9  ).  In  Cydospara  mryolytica,  however,  several  microgametes 
may  enter,  but  in  all  cases  only  one  effects  the  actual  fertilisation,  that 
is  to  say,  the  fusion  between  the  two  pronuclei  of  the  microgamete  and 
macrogamete  respectively.  The  chromatic  substances  of  the  two  pronuclei 
become  intermingled  by  the  formation  of  a  so-called  fertilisation-spindle, 
formed  as  follows : — The  female  pronucleus  first  assumes  the  form  of  a 
spindle  stretching  across  the  whole  body  of  the  zygote,  in  which  fine 
grains  of  chromatin  are  arranged  in  meridional  rows,  running  from  one 
pole  of  the  spindle  to  the  other.  The  male  pronucleus  then  breaks  up 
also  into  fine  grains  of  chromatin,  which  become  spread  over  the  spindle. 
When  this  process  is  complete  the  spindle  gradually  contracts  into  a 
rounded  form,  thus  producing  a  synkaryon  in  which  the  male  and  female 
chromatin  is  intimately  blended  (Fig.  38,    IX,  X). 

In  most  Ciises  the  macrogamete  previous  to  fertilisation  has  the 
surface  of  the  body  quite  naked  and  unprotected  by  any  envelope  of  any 
kind.  Then  the  microgamete  enters  at  any  point,  and  immediately  after 
its  entry  has  been  effected,  a  clear  membrane,  at  first  thin  but  gradually 
increasing  in  thickness,  makes  its  appearance  over  the  surface  of  the  zygote 
and  prevents  the  entry  of  further  gametes.  This  membrane  becomes  a 
tough  resistant  cyst,  termed  an  oocyst,  in  which  spore-formation  takes  its 
further  course  (Fig.  38,  IX).  In  some  cases,  however,  especially  among  the 
coccidia  of  vertebrates,  the  oocyst  is  formed  before  fertilisation,  and  then 
has  a  minute  pore  or  micropyle  through  which  the  microgamete  enters. 
The  pore  is  protected  by  a  plug  of  protoplasm,  which,  after  entry  of  the 
microgamete,  closes  up  the  micropyle  completely.  The  presence  of  an 
oocyst  at  once  distinguishes  sporogony  from  schizogony,  no  cysts  being 
secreted  in  the  latter  mode  of  reproduction.  As  soon  as  the  fertilisation 
is  complete  the  synkaryon  begins  to  divide  by  the  direct  method,  i.f\ 
without  mitosis,  to  form  the  nuclei  of  the  sporoblasts.  The  process  of 
spore -formation  vanes  considerably  in  details,  as  is  evident  from  the 
classification  in  current  use  given  below,  which  is  founded  on  the  varia- 
tions on  the  spore-formation.  The  following  points,  however,  may  be 
stated  generally. 


PROTOZOA  73 


Within  the  oocyst  the  zygote  becomes  divided  into  a  number  of 
uninuclear  masses,  the  sporoblasts,  arranged  round  a  central  protoplasmic 
residuum.  Each  sporoblast  may  now  simply  become  converted  into  a 
gyranospore  or  sporozoite,  or  may  surround  itself  by  a  tough  membrane 
or  sporocyst  to  form  a  resistant  spore.  Within  the  sporocyst,  when 
formed,  the  protoplasm  may  become  a  single  sporozoite,  or  may  become 
divided  up  to  form  two  or  more  sporozoites,  altogether  with  a  certain 
amount  of  residual  protoplasm.  Great  variation  is  seen  in  the  spores  of 
coccidia  with  regard  to  the  number  of  sporozoites  they  contain.  Hence 
they  are  characterised  in  technical  language  as  monozoic  with  one 
sporozoite,  dizoic  with  two,  trizoic  with  three,  tetrazoic  with  four,  and 
polyzoic  with  many  sporozoites.  The  octozoic  condition,  with  eight 
sporozoites,  which  is  the  rule  with  few  exceptions  in  gregarines,  is  rarely 
found  in  coccidia. 

The  order  Coccidiidea  is  commonly  classified  into  four  subdivisions  or 
families  based  on  the  number  of  resistant  spores,  if  any,  formed  in  the 
oocvst.^ 

Family  l,—Asparocystid(e. — No  sporocysts,  only  naked  sporozoites, 
formed  in  the  cyst.     A  single  genus  Legerella  Mesnil  {Eimeria  A.  Schn.). 

Family  2. — Disporocf/siid<e. — The  oocyst  contains  two  spores.  In 
Cijchspora  A.  Schn.  the  spores  are  dizoic ;  C.  caryolytica  Schaud.  is  an 
intranuclear  parasite  of  the  intestinal  epithelium  of  the  mole.  In  Diplo- 
itpora  Labb6  the  spores  are  tetrazoic ;  several  species  are  known,  parasitic 
in  reptiles  and  birds. 

Family  3. — Tetrasporocystidcp. — The  oocyst  contains  four  spores.  The 
most  important  genus  is  Cocddium  Leuck.  (perhaps  more  correctly  named 
Eimeria),  parasitic  on  vertebrates  of  all  orders. 

Family  4. — Polysporocystidcc. — The  oocyst  contains  numerous  spores. 
Many  genera  are  referred  to  this  family,  nearly  all  of  which  are  parasites 
of  invertebrates.  The  best-known  genera  are  Adelea  A.  Schn.,  dizoic, 
and  Klossia  A.  Schn.,  tetrazoic. 

3.  Hcemosporidia. — Telosporidia  with  alternation  of  generations  corre- 
sponding with  an  alternation  of  hosts ;  parasitic,  during  the  non-sexual 
schizogonous  cycle,  in  the  blood  of  a  vertebrate,  and  during  the  sexual, 
sporogonous  cycle,  in  the  gut  of  an  invertebrate  host. 

The  haemosporidia  as  blood-parasites  of  man  and  various  vertebrates 
are  of  great  importance  from  the  medical  point  of  view.  It  may  be 
doubted,  however,  whether  the  order  should  be  regarded  as  a  natural 
and  homogeneous  group,  like  the  gregarines  or  coccidia.  The  various 
types  referred  to  this  order  do  not  appear  to  have  much  in  common, 
lieyond  the  fact  that  they  are  parasites  of  the  blood  of  vertebrates,  of 
intracorpuscular  occurrence  during  the  whole  or  part  of  their  endogenous 
cycle,  and  that  their  transmission  from  one  vertebrate  host  to  another  is 
effected  by  some  invertebrate  animal  of  blood-sucking  habit,  in  which  the 
sexual  cycle  of  the  parasite  t«akes  place.     At  least  four  distinct  generic 

*  A  more  modem  and  perhaps  les*;  artiticial  classification  of  the  coccidia  is  given  l»y 
Luhe(46|. 
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types  are  referred  to  this  order,  the  characteristics  of  which  are  best 
described  separately.  These  are  the  genera  JHasmodium  (Hiwnama'Ui), 
Hmnwgregarina,  Pirophismcty  and  Ilalieridium. 

(1)  Plasmodium  Marchiafava  and  Celli  (including  H(vmam<eba  Grassi 
and  Feletti ;  Lareranki  Grassi  and  Feletti;  Ilcvmomams  Ross;  Hcemo- 
proteus  Kruse  ;  Proteosama  Labbe  ;  A  chroma  ticus  Dionisi ;  Polydiromophilus 
Dionisi ;  and  Hn'moa/stidium  Castellani  and  Willey)  comprises  the  various 
malarial  parasites  of  mammals  and  birds,  the  agent  of  transmission  being 
in  all  known  cases  a  gnat  or  mosquito  of  the  dipterous  family  Ctdicidoi. 
The  trophozoite  is  always  of  amwboid  form,  and  is  intracorpuscular  during 
the  whole  trophic  phase.  A  characteristic  feature  of  all  malarial  parasites 
is  the  production  of  an  excreted  pigment  tenned  melanin^  derived  from 
the  hieraoglobin  of  the  blood. 

The  life-cycle  of  the  malarial  parasites  is  of  the  same  type  as  that  of 
the  coccidia,  allowing  for  differences  due  to  the  fact  that  in  the  former 
the  schizogony  and  sporogony  are  in  different  hosts.  The  malarial 
parasites  of  man  are  the  best  known  and  most  thoroughly  studied  in 
all  sUiges  of  their  life-history,  and  the  following  account  applies  to  them 
more  especially. 

Opinions  are  not  unanimous  on  the  question  of  the  number  of  species 
of  the  malarial  parasites  found  in  man.  I^averan,  their  discoverer,  regards 
them  all  as  one  species,  with  a  number  of  varieties.  Most  authorities, 
however,  are  agreed  in  recognising  three  species;  these  are — (1)  Plas- 
modinm  vinw  (Gr.  et  Fel.),  the  tertian  parasite;  (2)  P.  malarim  {Ia\\.\ 
the  (juartiin  parasite;  (3)/*.  immacidafum  (Gr.  et  Fel.),  the  parasite  of 
pei-riicious  or  tropical  malaria.^  Other  species  of  the  genus  are  P,  kochi 
(Lav.),  from  monkeys;  P.  prcecox  (Gr.  et  Fel.),  synonyms  Hcuinopioieus 
diindeivshjii  Kruse,  Proteosoma  (jrassii  Labb^,  from  various  birds  (Fig.  45) ; 
and  several  sj)ccies,  not  as  yet  adequately  characterised,  from  bats  and 
other  mammals  or  birds.  Three  species  occurring  in  reptiles  have  also 
been  referred  to  this  genus,  so  that  malarial  parasites  appear  not  to  be 
confined  exclusively  to  warm-blooded  animals. 

The  three  human  malarial  parasites  are  distinguished  by  morpho- 
logical points,  which  will  be  mentioned  in  describing  the  various  stages 
of  the  life-cycle,  and  also  by  their  eft'ects  on  the  host.  They  produce 
fevers  which  recur  at  regular  intervals,  each  access  of  fever  coinciding 
with  the  endogenous  sporulation  of  the  pai-asite,  at  which  period  vast 
numbers  of  merozoites,  set  free  in  the  blood,  are  attacking  fresh  corpuscles. 
In  the  quartan  parasite  a  schizogonous  generation  takes  seventy-two  hours, 
and  the  fev(?r  recurs  every  three  days.  In  the  tertian  parasite  each 
generation  tiikes  forty -eight  hours,  and  the  attacks  recur  every  other  day. 
In  pernicious  malaria  the  sporulation  ta.kes  place  irregularly,  and  the 
fever  is  irregular  or  continuous.       Pernicious  malaria  is,  moreover,  at 

^  Tlie  nomenclature  o\'  the  malarial  parasites  is  extremely  confused,  an<l  no  two  authorities 

u.se  the  same  nanM*>.     The  terminolo«?y  followed  here  is  that  given  l)y  Sehaudiun  (73).     The 

}»arasite  of   perni<?ious  malaria  is  commonly   known  as   Laiu'rania  waluruv  (Gr.  et  Fel.). 

According  to  Blanchard,  the  j)ara.site  of  pernicious  malaria  should  be  named  Pla^niadivM 

J'olrijKirinn  (see  article  ". Malaria  "\      (Jiiot  atu-torcs  t<>(  nam  inn  I 
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once  distinguished  from  the  other  two  l)y  the  crescent -shape  of  the 
gametocyt«s.  The  different  typos  of  paraait«  ulso  produce  chsracteristic 
effects  upon  the  blood-corpuacles  nttackecl  by  them.  The  quartan  parasites 
cause  the  corpuscle  to  diminish  in  size,  while  retaining  its  normal  coloiu". 
Corpuscles  Httackod  by  the  tertian  parasite,  on  the  contrary,  increase  con- 
siderably in  size,  and  become  paler.  The  effect  produced  by  the  pernicious 
parasite  is  not  so  constant,  the  corpuscle  becoming  enlarged  or  diminished, 
with  a  lessened  or  a  heightened  tint. 

The  endogenous  cycle,  or  schizogony  (Fig.  43),  commences,  in  the  case  of 
a  new  infection,  with  sporozoites  introduced  into  the  blood  by  the  proboscis 
of  an  infected  mosquito.  The  first  sporozoites  thus  inoculated  probably 
grow  up  in  all  cases  to  become  schizonts.  Each  sporozoite  penetrates 
into  a  blood -corpuscle  anil  becomes  an  amietxtid  trophozoite,  which  grows 


-livLllbg  «[. 


rapidly  without  leaving  the  corpuscle.  The  degree  to  which  the  parasites 
are  amcdxiiil  vnnas  in  different  species,  and  is  must  marked  in  the  tertian 
parasite.  Characteristic  of  young  trophozoites  destined  to  become  schizonta 
is  the  iieeuliar  "  ring-form,"  caused,  according  to  Schaudinn,  by  the  formii- 
tion  neiu-  the  micleus  of  a  vacuole,  which,  increasing  in  size,  give^  the 
whole  [tarasite  the  form  ami  appearance  of  a  signet-ring.  Schaudinn  is 
of  opinion  that  the  I'ing-form  serves  to  increase  the  body-siuiace  of  the 
parasite,  and  favours  i-apid  absorption  of  nutriment  and  growth  on  the 
jKirt  of  the  tri>pho?<iite.  As  the  parasite  grows  the  vacuole  disappears, 
and  the  characteristic  grains  of  melanin-pigment  appear. 

In  the  fully  formed  schizont  the  body  Iwcomes  compact  and  rounded 
off,  censing  to  lie  nmoel>oid,  and  the  nucleus  begins  to  divide  up  into  a 
nnmljer  of  small  masses,  usually  nine  to  twelve  in  the  quartan  parasite, 
twelve  to  twenty-four  in  the  tertian  parasite,  and  a  variable  number  in 
the  pernicious  parasite.     The   pi-otoplasm  then  l>ecomos  segmented  up 
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round  each  of  the  nuclei  to  form  a  corresponding  number  of  merozoites, 
leaving  a  small  amount  of  residual  protoplasm  containing  the  melanin- 
pigment.  The  merozoites  are  small  rounded  bodies  grouped  more  or  less 
regularly  round  the  residual  protoplasm,  the  whole  forming  a  so-called 
rosette-stage.  While  the  sporulation  is  proceeding  the  corpuscle  gradually 
disintegrates,  and  when  the  process  is  complete  the  rosette  is  free  in  the 
blood-plasma.  The  merozoites  when  fully  developed  wander  off,  abandon- 
ing the  residual  protoplasm  and  melanin-pigment,  and  each  mcrozoite,  if 
it  escape  the  leucocytes,  penetrates  a  blood -corpuscle  and  becomes  a 
trophozoite  of  a  second  generation.  In  the  tertian  and  quartan  parasites 
the  sporulation  takes  place  in  the  peripheral  bloodstream,  but  in  per- 
nicious malaria  sporulating  forms  are  to  be  sought  chiefly  in  the  internal 
organs,  especially  the  liver,  spleen,  and  bone-marrow. 

When  the  parasites  are  first  introduced  into  the  blood  their  numbers 
are  relatively  small,  and  hence  for  a  certain  period  they  produce  no 
appreciable  effect  upon  the  host.  This  is  the  so-called  incubation-period, 
varying  in  different  species  between  six  and  twelve  days.  It  is  probable 
that  during  the  incubation-period  schizogony  only  goes  on,  the  sporozoites 
or  merozoites  all  developing  into  schizonts,  which  produce  merozoites 
agciin.  As  this  method  of  reproduction  causes  the  numbers  of  the 
parasite  to  increase  by  geometrical  progression,  they  soon  begin  to  bring 
aViout  a  reaction  on  the  part  of  the  host,  which  is  manifested  in  the 
symptoms  of  fever.  The  reaction  of  the  host  upon  the  parasite  is, 
according  to  Schaudinn,  the  stimulus  which  determines  in  the  latter  the 
production  of  sexually  differentiated  sporonts,  destined  for  exogenous 
reproduction. 

The  growth  of  a  merozoite  into  a  sporont  is  much  slower  than  in  the 
case  where  it  grows  into  a  schizont,  and  is  characterised  by  the  absence 
of  a  ring-stage  in  the  young  trophozoites  (Schaudinn).  The  sporonts  are 
always  of  two  kinds,  representing  male  and  female  gametocytes,  which 
can  be  distinguished  both  from  one  another  and  from  the  schizonts.  It 
may  be  said  generally  that  in  the  male  sporonts  the  nucleus  is  more 
developed,  and  the  cytoplasm  is  free  from  granulations  of  reserve  material, 
and  hence  stains  lightly,  while  in  the  females  the  reverse  is  the  case,  the 
nucleus  being  relatively  small  and  the  cytoplasm  full  of  granulations, 
causing  it  to  stain  deeply. 

In  pernicious  malaria  the  sporonts  are  at  once  distinguished  from  the 
schizonts  by  their  form,  like  that  of  a  sausage,  and  are  hence  known  as 
**  crescents."  In  the  male  crescents  the  pigment-granules  are  apt  to  be 
more  evenly  scattered,  while  in  the  female  forms  the  pigment  tends  to 
l>e  more  aggregated  round  the  nucleus  (Fig.  41,  VII). 

In  the  tertian  and  quartan  parasites  the  sporonts  are  not  characterised 
by  any  special  body-form,  but  can  still  be  distinguished  by  their  characters. 
Thus  in  the  tertian  parasite,  which  has  been  most  accurately  studied,  the 
full-grown  schizonts  are  about  lO/x  in  diameter,  with  a  nucleus  situated 
at  the  periphery  of  the  body.  The  female  sporonts  are  larger,  12-lG/i 
in  breadth  ;    their  dense  cytoplasm  stains  deeply,   and  their  grains  of 
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inelnnin- pigment  are  two  or  three  times  as  large,  and  about  twice  as 
numerous  us  those  of  the  schizunt,  but,  as  in  the  latter,  the  nucleus  is 
sitiuiteil  eccentrically.  The  ni.ile  sporonts  are  disttnguiEhed  in  all  stages 
by  their  large  nucleus  placed 
at  or  ueiir  the  centre  of 
the  body  ;  the  melanin-pig- 
ment is  as  well  developed  ss 
in  the  females,  but  the  proto- 
plaamic  portion  of  the  body 
is  feebly  developed  as  com- 
pared with  the  other  two 
forms,  mid  is  leas  dense, 
and  stains  a  much  lighter 
tint.  The  sporonts  are  less 
amteboid  than  the  scbizontfl 
fi-^.'^'*  ■^ /J"  in  early  stages  of  growth, 
*''.^[^"_  the  male  sporonts  least  of 

s.  o«<''^^.»f'  all  so.     Tlic  ejirly  stages  of 

-  '  »'  *■  °  ■ -"'  *^^  sporonts  or  gametocytea 

^^^      C,-*^  arc   to   be   sought   in    the 

C  D  internal    organs,    es[>ecially 

Vio.  43.— PHrth.>noKr.ne«ii.  of  riani-iiam  rinu-.    A,  a  femaii-   the  spleen  and  bone-maTTOw, 

i^.T--?i^v^T«'"PLi'\';^r».'lt''^iii;Lri;'!:,:;  '>?>t «'!'«"  f"''  «ro«"'  they 

tini|EirM>irthnDiie)i'niihi»miiinr:  ati»-iiiirivrnupiitiiH  Circulate  in  the  penpheral 

liai  clirtiliil  Intu  ■  iiiimbT  of  imrttDiw;  II,  B  iminbiT  iif    vi       j        ■_  -       !  ■ 

mmaiitmuniiVimiKi  it>]in tiic  iiirkariiiKiri ;  u>» lijiiiiiT    olood,  whence  m  the  natural 

ennuinhwUirin.'iHDiii-i.i^.iiit.    Afiw Stiuui Ji.i.u  Lourse  oi   events   tnoj.    are 

taken    up  by    a    mosquito, 

ill  order  to  undergo  in  its  digestive  tract  a  process  of  development,  of 

which  they  are  not  capable  in  the  blood  and  at  the  temperature  of  the 

warm- III  ooiled  host. 

If  not  taken  up  by  a  mosquito,  the  male  sporonts  appear  simply  to 
die  otf,  without  undergoing  further  development,  but  the  female  3])oronts 
ai-e  more  resistant,  on  account  of  the  reserve  material  stored  up  in  their 
abundant  cytoplasm,  and  according  to  Schaudiim,  they  aie  capable  of 
outliving  all  other  foi'ms  of  the  parasite  in  the  human  botly,  and  then 
multiplying  by  ptu-thc oogenesis  to  produce  fresh  schizogonous  generations 
(Fig.  43),  which  cause  the  relapses  so  often  observed  in  these  fevers.  It  lias 
been  shewn  above  in  the  case  of  C'occiiliuM  that  the  host  may  be  purged  of  the 
parasites,  liecanso  they  alt  develop  into  sporoiiM  which  form  resistant 
cysts  and  jiass  out  of  the  body.  If  a  similar  process  of  development  be 
supjKiHcd  to  occur  in  a  malariid  parasite,  the  disapjtearance  of  all  schizo- 
gonous stages  from  the  blooil  would  doubtless  bring  about  an  alleviation 
of  the  symptoms  of  disease  and  an  apparent  recovery  from  the  fever ; 
but  the  sporonts,  not  being  able  to  escape  by  natuiitl  channels  from  the 
body,  like  cwciilian  cysts  in  the  digestive  tract,  would  remain  in  the 
blood,  and  after  a  time  only  the  rosiatant  female  forms  woidd  Ijo  left. 
A  similar  state  of  things  would  result  if  we  sii]>{K)se  the  more  delicate 
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schizonts  and  male  sporonts  to  be  killed  off  by  the  action  of  some  drug 
administered,  such  as  quinine,  which  the  more  resistant  female  sporonts 
may  be  able  to  withstand,  possibly  by  passing  into  some  protected  or 
resting  form,  still  to  be  discovered,  in  the  internal  organs  of  the  body  ; 
or  perhaps  by  a  greater  hardiness  of  constitution  characteristic  generally 
of  foi-ms  destined  for  exogenous  reproduction,  that  is  to  say,  for  adapting 
themselves  to  entirely  changed  conditions. 

The  stimulus  to  the  renewed  activity  of  the  parasite  which  brings 
about  a  relapse  is  perhaps  supplied  by  some  external  cause,  such  as  a 
chill  or  shock  to  the  system,  which  lowers  the  resistance  of  the  host.  The 
parthenogenesis  of  the  female  sporonts  (Fig.  43),  as  described  by  Schaudinn, 
is  essentially  similar  to  the  process  already  described  above  in  trypano- 
somes,  and  consists  in  the  gametocyte  being  set  back  into  the  indifferent 
or  schizont  form,  after  which  it  sporulates  in  the  usual  endogenous 
manner.  The  nucleus  of  the  gametocyte  divides  into  two  parts  ;  one  is  rich 
in  chromatin  and  stains  deeply,  while  the  other  is  pale  and  stains  feebly. 
The  body  becomes  partially  constricted  into  two  parts,  one  consisting  of 
denser  protoplasm,  with  most  of  the  pigment  and  the  pale  nucleus ;  this 
j)ortion  of  the  bcnly  with  its  contents  is  ultimately  abandoned  as  residual 
pnitoplasm  ;  the  other  portion  has  lighter  protoplasm  and  less  pigment, 
ami  contains  the  darker  nucleus ;  this  portion  proceeds  to  sporulate  as  in 
the  schizogony,  and  produces  a  number  of  merozoites,  which  attack  red 
blood -corpuscles,  and  give  rise  to  a  fresh  endogenous  cycle,  and  con- 
sequently a  relapse  of  the  fever. 

To  return  now  to  the  gametocytes.  When  taken  up  by  the  mosquito, 
the  action  of  the  digestive  juices  of  the  new  host  has  the  effect  of  causing 
all  stages  of  the  parasite  to  be  digested  along  with  the  blood,  except  the 
ripe  gametocytes,  but  has  no  effect  upon  the  latter  other  than  that  of 
.setting  them  free  from  the  last  remains  of  the  blood-corpuscles,  whereupon 
the  crescents  of  the  pernicious  parasite  assume  the  sphericid  form  already 
p<is.<e8sed  by  the  gametocytes  of  the  tertian  and  quartan  parasites.  Forma- 
tion of  gametes  commences  immediately,  the  chief  stimulus  to  this  develop- 
ment being  apparently  the  lowering  of  temperature,  since  the  whole 
]»rocess  can  be  observ^ed  under  the  microscope  in  blood  drawn  fresh  from 
the  body  and  studied  in  vifro. 

In  the  male  gametocyte  the  nucleus  gives  off  chromidia,  which  travel 
to  the  surface  of  the  body,  leaving  a  karyosome  or  remains  of  the  sporont 
nnchnis  at  the  centre  (Fig.  44,  D,  E).  With  great  rapidity  motile  threads, 
four  to  six  in  number,  are  shot  out  from  the  surface  of  the  body.  These 
threads  are  commordy  termed  flagella,  but  are  in  reality  microganietes,  and 
contain  all  the  peripheral  chromatin  given  off  from  the  nucleus  of  the 
gametocyte.  The  microgametes  lash  wildly  about  until  they  become 
detached  from  the  body  of  the  gametocyte,  which  perishes  as  residual 
protoplasm  together  >nth  the  contained  karyosome.  Each  microgamete  is 
a  .slender  body  which  progresses  by  serpentine  movements,  and  consi.sts 
chiefly  of  chromatin.  It  is  stnctly  comparable  to  a  coccidian  micro- 
gamete  of  the  type  in  which  flagella  are  lacking,  and  also  may  be  com- 
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pared  Btriicturally  to  u  form  of  spirochiete  without  an  undulating 
membrane,  for  example  Treponema  (see  p.  47).  The  formation  of  the 
microgiraetes  la  a  phenomenon  wliich  can  be  observed  very  easily  and 
has  long  been  known,  though  only  comparatively  recently  explained. 
Suice  this  stage  was  mistaken  by  earlier  observers  for  an  independent 
illate  organism,  it  is  sometimes  known  as  the  Polymitus  stage,  and  the 


whole  process  is  conmtonly  ciillcd  flagellation,  a  teim  qnite  inexact  and 
inadmissible  from  the  zoological  point  of  I'iew. 

In  the  female  giimftocyEc  the  proeess  of  sponilation  is  in  abeyance, 
and,  as  In  coccidia,  each  gametocyte  becomes  a  mncrogametc  after  elimina- 
tion of  a  portion  of  the  nuclear  substance  (I'ig.  44,  AC). 

The  mi croga metes  formed  as  described  alwve  seek  out  the  macro- 
gametes,  penetrate  into  them,  and  fertilise  them  (Fig.  44,  E,  F),     The 
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chromatin  contained  in  the  microgamete  forms  a  pronucleus  which  fuses 
with  the  female  pronucleus  of  the  macrogamete  with  the  formation  of  a 
fertilisation-spindle,  as  in  coccidia.  The  zygote  does  not,  however,  secrete 
a  protecting  envelope  or  cyst,  but  becomes  elongated  in  form  and  develops 
into  a  motile  gregarinoid  individual  termed  a  vermicule  or  ookimte  (Fig. 
44,  G).  This  motile  stage  represents  the  oocyst-stage  in  the  life-cycle  of 
the  coccidia,  and  is  practically  the  only  point  in  which  the  life-cycles  of  the 
malarial  parasites  and  the  coccidia  differ  to  the  extent  of  requiring  the  use 
of  a  distinct  terminology.  The  vermicule  moves  forwards  with  the  char- 
acteristic gliding  movements  described  above  (p.  58).  Its  anterior  extremity 
is  narrow,  almost  pointed,  and  rather  drawn  out ;  the  nucleus  (synkaryon) 
is  near  or  slightly  behind  the  middle  of  the  body ;  and  the  grains  oif. 
melanin-pigment  are  lumped  at  the  hinder  end  of  the  body,  whence  they 
may  be  extruded  with  a  small  quantity  of  protoplasm,  or  may  be  retained 
till  sporulation  and  then  abandoned  with  the  residual  protoplasm.  By 
its  own  activity  the  vermicule  pushes  its  way  through  the  epithelial  lining 
of  the  mosquito's  stomach  and  comes  to  rest  immediately  below  the  epi- 
thelium. In  this  situation  it  becomes  spherical  in  form  (Fig.  41,  XIV) 
and  a  delicate  membrane  is  formed  enveloping  it,  perhaps  secreted  by  the 
host,  and  in  any  case  not  a  tough,  impervious  envelope  like  the  oocyst 
of  coccidia,  since  the  parasite  commences  to  absorb  nourishment  from  the 
host  and  to  grow  until  it  bulges  out  the  stomach-wall  towards  the  body- 
cavity.  "Within  the  cyst  the  nucleus  (synkaryon)  multiplies  by  division 
as  the  parasite  increases  in  size,  and  round  the  daughter- nuclei  thus 
formed  the  protoplasm  becomes  concentrated  to  form  a  number  of 
sporoblasts  imperfectly  separated  from  one  another  (Fig.  41,  XV,  XVI). 
In  each  sporoblast  the  nucleus,  at  first  single,  divides  repeatedly  to  form 
various  small  nuclei,  which  ti-avel  to  the  surface  of  the  sporoblast,  and 
grow  out  each  in  a  slender  protoplasmic  projection  to  form  a  gymnospore 
or  sporozoite  (Fig.  41,  XVII).  In  this  way  the  cyst  becomes  filled  with 
a  crowd  of  sporozoites,  varying  in  number  from  some  hundreds  to  over 
ten  thousand,  together  with  a  certain  amount  of  residual  protoplasm 
derive<l  from  the  sporoblasts  or  from  the  vermicule  (Fig.  41,  XVIII). 
^Vhen  the  contents  are  ripe  the  cysts  become  ruptured  into  the  body- 
cavity  (haemocoele)  of  the  mosquito.  The  sporozoites  thus  set  free  are 
minute  spindle-shaped  bodies,  each  actively  motile.  They  are  carried 
along  in  the  blood  fluid,  but  ultimately  pass  into  the  salivary  glands,  and 
]jenetrate  the  secreting  cells,  which  may  be  filled  by  them.  When  the 
mosciuito  next  takes  a  feed  of  blood,  the  sporozoites  in  the  salivary  gland 
pass  down  the  proboscis  into  the  blood  of  the  vertebrate  host,  in  which,  if 
of  the  kind  suited  for  the  development  of  the  parasite,  they  start  a  fresh 
endogenous  cycle  of  generations. 

The  entire  exogenous  cycle  in  the  body  of  the  mosquito  lasts  some 
ten  or  twelve  days,  so  that  the  mosquito  is  not  infectious  until  its  third 
or  fourth  meal  after  that  at  which  it  acquired  the  infection.  Mention  must 
be  ma<Je  of  the  so-called  "black  spores"  frequently  seen  in  infected 
mosquitos,  apparently  representing  degenerated  cysts  of  the  parasite  in 
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which  H  mass  of  pigment  has  been  produced  by  the  abnormal  activity  of 
th(3  ])r()toplasm. 

The  human  malarial  parasite  is  transmitted  by  a  gnat  of  the  genus 
.InofMf's;  that  of  birds  (Plasmodium  prcpcox)  by  a  gnat  of  the  genus 
( 'ule.r.  The  intermediary  for  the  parasites  of  monkeys  {P,  kochi)  is  as  yet 
tin  know  II,  and  the  same  applies  to  the  similar  parasites  described  in 
batH. 

(2)  Ifmiiwgregarina Danilewsky (including  DanUewskya  Labb6, Karyolysus 
Labbt',  Drcpanidium.  Lankester,  Lankestei'ella  Labb6,  Dadyhsoma  Labb^) 
<Mi!npnHes  a  number  of  forms  parasitic  chiefly  in  cold-blooded  vertebrates. 
The  body  of  the  parasite  is  not  amoeboid,  but  of  definite  form,  which  is 
t.y  pi  willy  that  of  a  minute  vermicule  or  gregarinoid  individual,  actively 
jnotilc  when  set  free  from  the  corpuscle.  Its  cytoplasm  does  not  contain 
melanin-pigment  at  any  stage.  Endogenous  reproduction  is  usually  by 
Mciiizogony,  sometimes  simply  by  fission. 

Various    generic   subdivisions   of    the    Haemogregarines   have   been 


f .    ^ 

Km.  A'u—VlasMotUuin  pntcox  in  the  blood-corpn8cle.s  of  birds,  a,  yotmg;  b  and  c,  older  trophozoites: 
</  and  «•,  Kporuhition,  shewing;  variations  in  numbers  of  m^rozoit-*^  formed  ;  /,  gamt'tocj'te ;  N, 
nucleus  of  bloo<i-corpuscle ;  n,  nucleus  of  ijarasite ;  p,  i)ignient;  mz,  merozoite^;  r.p,  residual 
protoplasm.     AfUT  Lal;l>e,  X 1200. 

proposed,  bvsed  on  the  relative  proportions  of  the  parasite  and  the  blood- 
corpuscle  it  attacks.  Thus,  in  Lankeshrella  (Drepdnidium)  the  pai*asites 
are  minute,  not  more  than  three-fourths  the  length  of  the  corpuscle  (Fig. 
40) ;  in  Karyolysus  the  parasite  does  not  exceed  the  blood-corpuscle  in 
length,  and  the  known  species  of  this  genus,  of  which  A",  lacertarum 
Danil.  is  the  type,  arc  further  remarkable  for  causing  the  nucleus  of  the 
corpuscle  to  become  broken  up  and  destroyed  (Fig.  47) ;  in  the  genus 
Udnnogreriavina  sensu  stridimi  the  vermicule  exceeds  the  corpuscle  in  length 
and  is  doubled  up  within  it  like  a  U  or  V  (Fig.  48).  Such  differences  can 
hardly  be  regarded  as  of  generic  import^mqe,  and  it  is  best,  for  the 
pri»sent  at  least,  to  regard  all  the  haemogregarines  as  belonging  to  a 
.single  genus. 

Till  quit-e  recently  haemogregarines  ^  were  believed  to  be  confined  to 
cold-blooded  vertebrates,  a  number  of  forms  being  known  from  fishes, 
amphibia,  and  reptiles.  The  best  known  of  these  are  Ha'mogregarina 
rttnarum  [Dn^pn nidium  ranarum  Lankester,  hiiikesterdla  mimina  Auct)  from 
the  frog,  //.  (Karifoh/stcs)  Jacertnrum  Danil.  from  lizards,  and  //.  slrjmnom 

^  A  list  complete  to  date  of  the  known  species  of  haemogregarines  is  given  by  Laveran 
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Danil.  from  tortoises  (Rmyi  lutaria  Cistudo  eurofxea).     Recently,  however, 


several   sjiecies  have  been  de.^ribed  from   niammalR.     Such  are  Ifirmo- 
tjinjariita    gtrbUH    Christophers    from    an    Indian    rat,   Gftbitltis    indkas; 


//.  j'iftili  Balfour  iH.  Mfoun  Laveran)  from  the  jerlwi ;  and  the  peculiar 
jiarasite  discovered  by  Bentley  in  dogs  and  described  by  James  under  the 
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name  Leutocijtnzoiin  canis.  The  last-named  parasite  differs  from  the  typical 
hfemogregarines  in  being  a  parasite  of  the  leucocytes.  As  such  it  recallB 
the  Leucocyhzoiia  4uiiUeu:sb/i  Ziemann  and  "  Heettiamaba  zumaniii "  Laveran, 
both  from  birds.  The  last-named  is  stated  by  Schaudinn  to  be  a  stage  in 
ft  S/iiivdirrla  {see  p.  43),  and  the  lewcocytozoon  of  the  dog  may  prova 
similarly  not  to  he  ;i  true  hiemogregariiie.  A  similar  parasite  has  been 
observed  by  Balfour  in  the  leucocvtea  of  M«.i  deciinuiniig.  The  signifi- 
cance imd  systematic  position  of  the  leucocytoxoa  of  birds  and  mammals 
are  not  at  all  clear  at  the  present  time.  A  human  hemogregarine  has  not 
yet  been  discovered. 

The   hieraogregarines  of  warm-blooded  vertebrates  appear  in  some 
cases  to  remain  intracorpuscuJar  eo  long  as  they  are  in  the  blood  of  the 


host  only  quitting  the  corpuscle  and  becoming  ifiotilo  when  transferred 
to  the  invertebrate  host,  oi-  when  the  blood  is  kept  for  some  time  in  riin<. 
On  the  other  hand  the  liremogregarines  of  cold-blooded  animals  frequently 
quit  the  corpuscle  and  become  fri.'e  for  a  time  in  the  blood-plasma,  after 
which  they  may  penetrate  a  blood -coi-piiscle  again.  Free  stages  apjiear 
to  alternate  in  this  way  with  iiitracorpuscular  stj^;es  in  a  normal  sequence. 
The  free  vermicules  move  forwards  by  means  of  gliding  movements  of  the 
kind  commonly  oliserved  in  gregarines  and  gregartnoid  individuals  gener- 
ally. In  Jld-moijregiinii"  wimlnlis,  a  parasite  of  a  snake  Tropidonofus 
yuv'ifor,  Castellani  and  AVillcy  describe  the  intnicoi-puscular  parasite  as 
enveloped  in  a  capside  or  membrane,  which  it  leaves  behind  in  the 
corpuscle  when  it  emerges  into  the  blood-plasma. 

The  invertebrate  host  is  knoH-n  in  but  a  few  instances  and  was  first 
discovered  by  Siegel  (79)  for  Iln-moffri'fi'iriiin  flejxiiiowi.  In  the  forms 
parasitic  on  aquatic  vertebrates,  such  as  Hshes,  fi'ogs,  tortoises,  it  appears 
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to  l>e  usually  a  leech.  In  the  case  of  terrestrial  vertebrates  transmijssion 
is  perhaps  effected  always  by  an  arthropod.  Schaudinn  found  the 
invertebrate  host  of  Karyolysus  lacertanim  to  be  a  tick,  hodes  ncinns, 
Christophers  found  the  sporogony  of  Hcemogregarina  geibilli  in  a  louse, 
Ihrmaiopinus  stephensi.  It  is  highly  probable  that  an  intermediate  host 
occurs  in  all  cases,  and  that  the  resistant  cysts  described  by  Hintze  for 
H.  ranarum  in  the  gut  of  the  frog,  were  in  reality  the  cysts  of  a  coccidian 
and  do  not  belong  to  the  life-cycle  of  the  hsemogregarine. 

In  Hfrmogrf/furina  stepatiowi  (Fig.  48)  of  tortoises  the  parasite  occurs  in 
two  forms,  one  bean-shaped,  the  other  slender  and  snake-like.  The  former 
are  schizonts  and  multiply  non-sexually  in  the  tortoise  to  form  merozoites, 
but  undergo  no  further  development  in  the  leech.  The  snake-like  forms 
are  8j>oronts,  which  in  the  leech  escape  from  the  corpuscles,  and  produce 
gametes  in  the  spaces  between  the  villi  of  the  intestine.  The  minuter 
details  of  the  sporogony  have  not  been  described,  but  the  microgametes 
are  very  minute.  After  fertilisation  has  taken  place  in  the  intestine,  the 
motile  oi>kinetes  pass  through  the  wall  into  the  blood-space,  and  are  then 
carried  to  the  heart  and  finally  penetrate  into  the  (esophageal  glands. 
L>uring  this  process  of  migration  the  nucleus  of  the  ookinete  is  under- 
going multiplication,  and  in  the  salivary  glands  a  process  of  sporulation 
produces  a  vast  number  of  sporozoites,  in  the  form  of  minute  spirally- 
twisted  filaments,  which  become  free  in  the  lumen  of  the  gland  and  are 
capable  of  infecting  the  tortoise  if  the  leech  sucks  its  blood.  Siegel  found 
the  sporozoites  also  in  the  oesophageal  glands  of  immature  embryos  still 
.subsisting  on  the  yolk  of  the  ovum,  thus  proving  the  existence  of  germina- 
tive  infection. 

Some  interesting  observations  on  the  development  of  H,  (feihilH 
in  the  louse  were  made  by  Christophers  (19),  who  has  not,  however, 
descrilied  the  complete  life-cycle.  The  haemogregarines  quit  the  blood- 
corpuscle  in  the  gut  of  the  louse  and  pass  through  the  gut-wall  into  the 
iKxlv-cavity.  From  the  analogy  of  the  i)arasite  described  in  the  foregoing 
}iarHgraph  the  fonus  which  pass  through  the  gut^wall  should  be  ookinetes 
prrxluced  by  conjugation  of  gametes  formed  in  the  intestine,  but  this  is 
not  suited  to  occur.  In  the  Ixxiy-cavity  the  parasite  rounds  itself  off  and 
iKfcomes  a  cyst,  which  grows  from  about  10  /i  in  diameter  to  as  much  as 
350  fjL.  During  the  growth  the  contents  of  the  cyst  become  divided  into 
oval  >K)dies,  which  become  spore-like  structures  containing  six  to  eight 
s;iusage-shaped  sporozoites.  The  further  development  or  migrations  of 
the  sporozoites  was  not  traced,  but  they  were  found  to  exhibit  active 
movements  of  a  peculiar  kind  when  placed  in  the  blood  of  the  GerhiUus, 
while  the  digestive  juices  of  the  latter  had  no  marked  effect  upon  them. 
It  may  be  reiisonably  inferred,  therefore,  that  the  sporozoites  are  in  some 
wav  inoculated  bv  the  louse  into  the  GerhiUus  and  start  a  fresh  cvcle  of 
the  luemogregarine.  In  the  bloo<l  of  the  (rcrhUhm  the  parasite  appears  to 
multiply  by  longitudinal  binary  fission.  In  the  case  of  the  hfeniogregarine 
of  the  jerboa,  however,  schizogony  takes  the  form  of  multiple  fission  of 
the  usual  type. 
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(3)  IHroplasmu  Patten  (synonyms  Hcematococcus  Babes  ;  Babesia  ^  Star- 
covici ;  Pyrosoma  Smith  and  Kilborne ;  Apiftsmna  Wandolleck)  comprises 
a  number  of  species  parasitic  in  the  blood  of  various  mammals,  but 
not  known  as  yet  in  the  blood  of  vertebrates  belonging  to  other 
classes.  All  the  known  species  exhibit  great  similarity  both  in  morpho- 
logiciil  characters  and  in  biological  relations,  and  are  scarcely  distinguish- 
able except  in  that  they  occur  in  difterent  mammalian  hosts.  Nevertheless 
the  species  of  Piroplmnm  appear  to  be  greatly  restricted  in  their  occurrence, 
being  each  confined  to  a  particuhir  host,  or  to  a  group  of  hosts  belonging 
to  the  same  genus  or  family  of  mammals.  As  a  general  rule,  Piroplasma 
is  not  inoculable  into  animals  widely  distinct  from  its  proper  host.  If, 
however,  Wilson  and  Chowning  (86)  are  right  in  regarding  Sperm4)philus 
columhUinus  as  the  natural  host  of  P,  hominis,  we  have  an  exception  to 
the  foregoing  statement,  and  also  another  instance  of  a  parasite  being 
deadly  to  a  host  which  is  not  its  proper  one. 

The  diseases  produced  by  these  parasites  in  their  respective  hosts  are 


Fio.  i<K—I'irftvlasiiia  hifinninum  in  tho  hloocl-corpnsrlps  of  tho  ox.  a-/,  ring-fomi.s  utid  their  molti- 
j)lication  by  lission  ;  f/-j,  ]»t'ar-.shaiM»<l  fomis  ;  k,  I,  doubly  infect wl  corpUHClfs.  From  Minchin, 
HfttT  I-ivrraii  anil  Nicolle. 

genei'ally  of  very  similar  character,  and  may  be  termed  collectively 
piroplasmoses.  In  their  acute  form  the  chief  sym])tom  is  hsemoglobiniuria 
conse(iuent  upon  rapid  destruction  of  blood-corpuscles.  The  invertebrate 
host  hjis  been  found  to  be,  without  exception,  some  species  of  tick. 

The  best  known  and  earliost  discovered  species  are  those  which  infest 
cattle,  and  ])roduce  in  these  animals  a  disease  known  by  the  gi'eat  variety 
of  local  names.  In  America  the  disease  is  known  as  Texas  fever  or 
southern  aittle  fever,  and  the  parasite  was  given  the  specific  name  hi^jeminum 
(Fig.  49)  by  Smith  and  Kilborne,  whose  memoir  (81)  marked  an  ejwch 
in  the  literature  of  parasitic  Protozoa,  and  first  established  the  nature  of 
the  parasite  and  made  clear  the  etiology  of  the  disease.  In  Europe  the 
piirasite  causing  hiemoglol)inuria  of  cattle  was  given  by  Babes  the 
specific  name  hovii^.  It  is  not  possible  to  state  definitely  at  present 
whether  horU  and  hiqeminuin  are  to  be  ranked  as  svnonvms  or  as  names 
applying  to  distinct  species,  though  the  former  opinion  is  the  one  most 
generally   hel<l.      It  has   been   clearly   shewn,  however,    that  a  distinct 

'  The  name  Bob^^sin  has  }»riority  over  I*i)'i>}tht^ii\ii  and  is  the  zoologicaUy  correct  name 
of  the  geiiU6  ;  see  Minchiu  (53,  p.  269)  and  Liihe  (40). 
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species,  to  which  Theiler  has  given  the  name  P.  panmrn,  is  the  cause  of 
the  fever  of  cattle  on  the  East  Coast  of  Africa,  otherwise  known  as  Rho- 
desian  red  water,  and  occurring  also  in  Transcaucasia,  where  it  is  known 
as  tropical  bovine  piroplasmosis.  P.  panmm  can  be  distinguished  from 
the  ordinary  form  of  bigeminttm  both  morphologically  and  also  because 
oxen  immune  to  the  latter  can  be  inoculated  with  the  former.  Other 
species  of  Piroplasma  are  P.  avis  (Starcovici) ;  P.  equi  (Laveran) ;  P.  canis 
Fiana  and  Galli  Valerio,  and  P.  muris  Fantham.  An  unnamed  species 
parasitic  on  monkeys  (Cercopithecus)  has  been  described  by  P.  H.  Ross  (72). 
Least  satisfactorily  known  of  all  are  the  species  alleged  to  attack  man. 
According  to  Wilson  and  Chowning  a  Piroplasma  to  which  Manson  has 
given  the  name  P.  hominis  is  the  cause  of  the  so-called  "  spotted  fever  " 
or  "tick  fever"  of  the  Rocky  Mountains.  As  stated  above,  the 
L#eishman-Donovan  bodies  are  referred  by  some  authorities  to  the  genus 
Pirupliumay  but  perhaps  incorrectly. 

In  the  blood  of  the  mammalian  host  the  parasite  is  found  in  a 
number  of  different  forms,  of  which  the  relation  to  one  another,  and  their 
place  in  the  general  life-cycle  of  the  parasite,  is  not  at  all  clear.  Most 
characteristic  are  the  pear-shaped  forms  (Fig.  49,  g-j),  from  which  the 
pirasite  was  originally  named  Pyrosoma  by  Smith  and  Kilborne,  a  name, 
however,  long  preoccupied  for  a  genus  of  ascidians  and  hence  superseded 
by  Piroplasma.  The  pear-shaped  forms  vary  considerably  in  size,  and  can 
generally  be  distinguished  as  small  foims,  1  or  1  '5  /x  in  length,  and  large 
forms  2-3  /x  or  more  in  length.  In  P.  bigeminum  they  range  from  1  -3  /x  in 
length,  in  P.  canis  they  are  slightly  larger  and  may  occasionally  reach 
4  or  5  /ii  in  length.  The  greatest  breadth  is  about  oue-third,  or  slightly 
less  than  the  length.  The  cytoplasm  appears  denser  towards  the 
periphery,  and  clear,  or  even  vacuolated,  towards  the  centre.  The 
nucleus  is  lodged  at  the  broad  end  of  the  body  and  appears  as  a  compact 
mass  of  chromatin,  varying  from  '2  to  '6  or  '8  /x  in  diameter,  round 
which  a  clear  halo  can  often  be  seen.  This  appearance  is  regarded  by 
some  authors  as  representing  a  vesicidar  nucleus,  and  hence  the  central 
chromatin  mass  is  often  spoken  of  as  a  karyosome.  Except  as  a  pre- 
paration to  division,  the  nucleus  appe^irs  single ;  but,  according  to  Liihe, 
a  second  chromatic  body  is  always  present,  but  is  very  minute,  so  that 
it  has  hitherto  been  overlooked,  and  is  usually  situated  near  the  pointed 
end  of  the  Ixxly. 

The  pear-shaped  parasites  occur  singly  or  in  greater  numbers  inside 
the  blood-corpuscles.  In  P.  mww  the  number  of  parasites  in  a  single 
corjmscle  may  be  twelve  or  sixteen,  disposed  quite  irregularly  (Fij:.  54). 
A  common  arrangement  is  for  the  parasites  to  be  in  pairs,  those  of  each 
pair  often  l)eing  connected  at  their  pointed  ends  by  a  delicate  filament 
of  protoplasm,  indicating  multiplication  by  fission  not  quite  comi)leted. 
The  twin  arrangement  is  especially  frequent  in  the  bovine  Pirophisma, 
which  has  hence  received  the  specific  name  of  hineminmn  Smith  and 
KillK)nie.  Another  characteristic  pattern  is  that  in  which  four  pear- 
shaped  parasites  are  connected  by  their  narrow  ends,  forming  a  cross. 
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Koch  (35)  considers  this  a  morphological  character  of  specific  importance 
hv  wliich  the  parasite  of  African  coast  fever  of  cattle  can  be  separated 
from  the  true  1\  hirfeminam,  and  by  which  also  two  species  of  ecjuine 
t*irof»lnsnnifa  can  be  distinguished. 

The  iK»-iir-shaped  j)arasites,  though  generally  of  quite  definite  form, 
mav  in  some  circumstances  become  very  irregular  in  form,  throwing  out 
imoudojMxlial  processes  from  various  parts  of  the  body.  There  not 
infrequently  appears  to  be  the  formation  of  a  single  long  pseudopodium 
from  the  narrow  end  of  the  body  (Fig.  52  A-C).  The  significance  of  this 
will  be  discussed  presently. 

Another  form  of  the  parasite  is  the  spherical  or  ring  form  (Fig.  49, 
irr),  in  which  the  centre  of  the  body  appears  vacuolated,  recalling  the 
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I'm.  .oo,— A-l>,  Pirf>jtln$mn  hifftinSnum,  forms  from  the  Mood  of  immimo  oxen.     E-H,  7*.  partem  in  the 
bltMMl-corj)tij*i:h'.s  of  an  ox  suffering  from  African  Ea»t  Coast  Fev»»r.    After  Theiler. 


ring  form  of  the  malarial  parasite,  and  the  chromatin  mass  is  generally 
j)laced  quite  at  the  periphery  of  the  lx)dy,  often  projecting  from  it,  or 
appearing  almost  as  if  detached  from  it. 

A  third  form  frequently  found  is  the  so-called  bacillary  form  (Fig.  50),  in 
which  the  bo<ly  is  rod-shaped,  with  the  chromatin  mass  at  one  extremity. 
Pirophfsuni  pirnnn  Theiler,  is  characterised  by  appearing  in  the  form  of 
rings  and  rods,  and  never  as  the  typical  pear-shaped  bodies.  P.  hiffaminum 
may,  how(»ver,  also  appear  in  this  form,  as  described  below.  The 
bacillary  form  is  [)erhaps  to  be  regarded  as  a  modification  of  the  pear- 
shaped  l)0(ly.  Finally,  some  authors  describe  coccus-like  forms,  which 
were  found  bv  Smith  and  Kilborne  in  mild  cases  of  Texas  fever,  but 
sonit^  doubt  is  ])crhaps  permissible  as  to  whether  these  forms  really  belong 
to  the  cycle  of  the  parasite. 

All  the  above-described  forms  of  the  jwrasite  are  intracorpuscular  in 
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habitat.  Free  forms  also  occur  in  the  blood,  as  a  result  of  the  dis- 
integration of  corpuscles  destroyed  by  the  parasite.  In  1\  can  is  free 
parasites  are  found  sometimes  in  groups  similar  to  those  seen  in  the 
corpuscles.  Among  the  free  forms  a  specially  noteworthy  type  is  the 
so-called  Hagellate  form  described  by  Bowhill  and  Le  Doux  (7)  in  P.  canis 
and  P.  baiis,  and  by  Bowhill  (6)  in  I\  equi.     In  this  form  of  the  parasite 


Fi«..  51.— So-call«l  flagellated  forms  of  Piroplasmii.  A,  two  paraHites  in  a  corpuHcle  (f.  eqiii);  IJ,  a 
paniKitf  iiMuiiiK  from  a  eorpUMcle  (I\  eitui);  C  and  D,  paraMiteH  free  in  the  blood  {P.  amis  and 
J\  burii  reHi««'ctively)t    Drawn  from  i>hotoinicro>n^phs  given  by  Bowltill  and  Lo  Doux. 

A  long,  slender  filament  issues  from  the  pointed  end  of  the  pear-shaped 
body  (Fig.  51,  C,  D).  The  filament  is  several  times  the  length  of  the 
body ;  it  runs  an  undulating  course  ;  and  it  is  terminated  by  a  bulbous 
enlargement,  and  may  have  one  or  two  similar  enlargements  along  it. 
From  the  Lost-mentioned  peculiarity  it  seems  clear  that  the  filament  is 
not  a  flagellum  in  the  true  sense  of  the  word,  and  it  may  be  compared 
with  the  long,  slender  pseudopodial  process  seen  in  the  intra  corpuscular 
forms,  as  described  above.  In  one  instance  Bowhill  (6,  p.  10)  observed  a 
parasite  with  the  pear-shaped  body  lodged  in  a  corpuscle  and  the 
so-called  flagellum  passing  out  of  it.  I  suggest  that  the  "flagellum"  is 
probably  to  be  interpreted  as  a  pseudopodium,  by  means  of  which  the 
parasite  may  quit  a  corpuscle,  and  by  means  of  which  it  may,  when  free, 
attack  and  enter  another  corpuscle.     It  is  not  possible,  however,  to  give 
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Fio.  52. — Piropla^mn  cuuU.     A,  B,  C,  ]»arasites  in  bloo<l-corpnscle.s  of  the  dog.  each  shewin;;  a  Umg 
jfM-udoinxlial  pniceKs  ;  D  and  E,  supiMw*!  ;,'iinn'tocyte>.     Aft^'i  Xuttall  aii«l  <lrahani-i<initli. 

a  final  judgment  upon  this  point  until  the  so-called  flagellum  has  been 
seen  and  studied  in  the  living  condition.  Nuttall  and  Graham  Smith 
(58)  describe  free,  sausage-shaped  forms  of  /'.  ranis,  which  they  consider 
possibly  to  represent  gametocytes  (Fig.  52, 1),  K).  Various  forms  have  ])een 
interpreted  in  this  sense  by  difterent  authors,  but  in  no  case  has  the 
correctness  of  the  interpretation  been  ])roved.  It  was  suirgested  ])y 
Doflein  that  the  pear-shaped  forms  might  represent  gametocytes,  and  the 
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sphericiil   forma  achizonts.     The   obaervations  at  Koch   (35),   described 
below,  give  some  Bupport  to  the  fit'st  of  these  two  siippositJons. 

The  endogenous  mulii plication  of  the  parasites  appears  to  take  place 
always  by  binary  fission,  which  in  the  pear-shaped  forms  is  longitudinal 


in  direction.  The  crosa-forms  mentioned  above,  however,  may  owe  their 
origin  either  to  simultaneous  multiple  fission  into  four,  such  as  Laveran 
has  described  in  P.  equi  (Fig.  53,  C,  1>),  or  to  two  rapid  successive  binary 
fissions.  Smith  and  Kilborne  found  the  percentage  of  infected  corpuscles 
very  much  greater  in  the  capillaries  of  the  heart-muscle  and  in  some  of 
the  internal  organs,  especially  the  kidneys,  indicating  a  more  rapid  multi- 
plication of  the  parasites  in  these  parts. 

Theiler  (83)  has  made  some  interesting  observations  on  the  latent 
form  of  P.  bigeminvm  in  the  immune  ox  (Fig.  .^0,  A-D),  When  an  ox 
has  recovered  from  an  attack  of  piroplasmosis  it  remains  immune  against 
further  infection  or  inoculation  by  the  sjime  species  of  parasite.  Never- 
theless the  parasite  remains  in  the 
bloo<l,  as  proved,  first,  by  the  fact  that 
the  animal  is  liable  to  a  relapse ; 
secondly,  by  the  fact  that  the  blood 
of  immune  ox  injected  into  a  suscep- 
tible aiu'mal  causes  the  typical  pear- 
shaped  PiivjiltisJiia  to  appear  in  the 
latter  and  brings  on  an  attack  of  the 
disease.  In  the  immune  ox  P. 
_  ^^   fiijcmiiiMm  is  present  in  the  blood  as 

''*'MTra»i^r'ii'i";imr-cw^™^i'^"V'i  bacillary and  ring-like  intracorpnscular 

Kt  .  iitta  nrii  dm  Miii-Kiiiit  .  forms,      very     similar,      though      in 

reality  ijuite  distinct  from  the  form  nndet-  which  P,  /winuiH  appears  (Fig. 
50,  E-H). 

As  stated  above,  the  invertebrate  host  of  every  species  of  Pimplagiiia 
hitherto  investigated  has  proved  to  be  a  tick.  A  given  species  of 
Pirojil'tsim  may  he  transmitted  by  more  than  one  species  of  tick,  in  the 
same  or  dlfTenrnt  paits  of  the  worhl. 

The  only  observations  upon  the  development  of  PiropUisma  within 
the  tick  are  those  of  Koch  (35),  whose  statements  and  descriptions  are 
difficult  to  interpret.     Koch  studied  the  development  of  P.  Ugtimnum 
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(Smith  and  Kilbome)  and  of  the  parasite  of  bovine  east  coast  fever 
{P,  parrum).  The  stages  seen  were  for  the  most  part  similar  in  the  two 
ciises,  only  rather  smaller  in  the  second  of  the  two  parasites  mentioned. 
When  taken  up  by  the  tick  the 
pear-shaped  parasite  leaves  the 
blood-corpuscle  after  ite  chro- 
matin mass  has  divided  into 
two.  The  parasite  becomes 
elongated,  and  one  chromatin 
mass  places  itself  at  the 
** anterior"  end,  by  which  is 
meant,  apparently,  the  blunt 
end  of  the  pear-shaped  parasite, 
where  it  forms  a  deeply 
staining  point  or  apex  pro- 
jecting sharply  forward.  The 
other  chromatin  mass  remains 
in  the  middle  of  the  body. 
Next,  ray -like  processes  arise 
near    the    apex,    first   two   or 

three,  then  more.     These  form   f,o.  55.— stag»^8  in  the  «ievpiopinftnt  of  phopiai^mn 
a  star-like   fijnire   surrounding?        jipmmMm  in  th»^  tick,   a,  division  of  the  micieus 

•      1     1  •  /TT  (^  '   *^^  "'   ^^^  ^^''"  "itracorpuscular  iwniMites ;  B. 

the  apical  chromatin  mass  (Fig.  ftvt*  clut>-MhaiJ<^l    fomiH    with  radiating   Tirooesscs ; 

--     Tiv         J     .  1  V.    *Vi  ^'   '^•iw*"'"^  conjugation  of  two  forms  likfi  B ;    I), 

0.">,  D).       It  IS  not  Clear  Wnet Her  round»Hi   form   with  a  d***'ply  staining  spike  at  on«» 

tVipq<»    nrnnAQQpq     arA    fn     Ka    m  I^int ;    E.  ppar-8hape«i  form;   F,  large  pear-shajieil 

llicse    processes     are    to     oe    re-  form  found  in  the  egg  of  the  tick.     Aft^-rKoch. 

garded  as  flagella  or  as  pseudo- 
podia.  In  favour  of  the  former  interpretation  would  be  their  origin  from 
a  mass  of  chromatin,  but  their  stiff,  sharp  form,  tapering  gradually  from 
their  base  to  a  sharp  point,  and  their  irregular  arrangement  make  it 
more  probable  that  they  are  to  be  regarded  either  as  pseudopodia  or 
perhaps  as  cuticular  spikes.  Parasites  of  this  form  tend  to  form 
groups,  and  from  the  second  day  onwards  they  are  frequently  to  be 
foun<l  fusing  in  couples  by  their  posterior  ends,  giving  rise  to  bodies 
ill  which  a  star  of  radiating  processes  arise  from  each  end  of  the  body 
(Fig.  5.'\  C).  This  stage  is  succeeded  by  one  in  which  the  body  is 
spherical,  containing  chromatin  attached  in  patches  to  the  interior  of  the 
limiting  membrane,  and  with  a  spike  of  chromatin  at  the  periphery 
(Fig.  5.J,  D).  Such  forms  are  derived  apimrently  from  zygotes  which 
have  lost  their  radiating  processes  and  become  rounded  oft'.  These  l>odies 
appear  to  be  succeeded  by  elongated,  oval,  or  pear-shaped  fonns  with  a 
fairly  large  nucleus  of  similar  consistence,  which  are  probably  transitional 
to  the  pear-shaped  forms,  each  three  or  four  times  the  size  of  a 
Pimplasnui  in  the  blood,  occurring  in  the  eggs  of  infected  ticks  (Fig.  55, 
E,  F).  The  transition  from  the  last-named  to  the  PiropJasnm  of  the  ox 
has  not  l>een  traced. 

(4)  Halteridiuvi   I^abbe  (synonym  Ilammproteus  Kruse).      This  well- 
known    parasite  of   birds  is  generally  included    amongst    the    malarial 
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parasites,  though  considered  by  most  authors  generically  distinct  from 
the  forms  included  under  Plasmodium  (  =  H(emumQ;ba) ;  but  the  recent 
researches  of  Schaudinn  (75)  on  the  life-history  of  Halteridiumy  if  the 
facts  are  as  alleged  by  him,  throw  quite  a  new  light  on  the  affinities  of 
this  form.  Ilalteridium  resembles  Plasmodium  in  producing  melanin- 
pigment,  but  unlike  the  latter  it  has  a  more  or  less  definite  shape  and  is 
very  slightly  amceboid.  It  is  easy  to  distinguish  Halteridium  (Fig.  56)  by 
mor[)hological  characters  from  PUisinodium  prcecox  (Fig.  45)  occurring  with 
it  in  birds.  While  the  Plasmodium  occupies  nearly  the  centre  of  the 
corpuscle  as  a  more  or  less  compact  amoeboid  body  which  displaces  the 
nucleus,  the  Halteridium  remains  to  one  side  of  the  nucleus  which  is  not 
displaced,  but  the  parasite  grows  round  it  like  a  halter,  hence  the  generic 
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Fi«.  M.—lliiHfntUum  thinifeirnkyi  KniH**,  in  th»»  blocxl-corpuMCles  of  varioiiH  binlK.  a  and  h,  younK 
troj»hozoit**H ;  «\  femal»* :  </.  male  ;<anielocyt« ;  «•,  both  in  on«»  coriuiHcle ;  /,  female  j?»in>«?toc)t<» 
thi"owinK  out  pneuiloiKxlia  ;  q-l,  Hrhizojrf)ny  ;  u,  nucleus  of  ^rasite  ;  N,  of  corpuBtrli* ;  ii.g.  granuW 
of  mflanin-piKUieut ;  r.y,  ntHidual  protoplasm  ;  iiuz,  merozoites.  From  Minchin  ;  a-/a>ter  Lawnui, 
g-l  afl^T  LaDl)e. 

name  which  it  bears.  Halteridium,  as  such,  is  an  exclusively  intracor- 
puscular  parasite,  but  as  described  above,  it  is  stated  by  Schaudinn  to 
become  free  in  the  blood  as  a  Trypamsorrui,  of  which  it  should  be  regarded 
merely  as  the  resting  stage  (Fig.  8).  I^bb6  described  a  process  of  sporu- 
latiou  in  Halteridium  which  has  not  been  seen  by  subsequent  investigators 
(Fig.  8,  ff-l).  The  invertebrate  host,  according  to  Schaudinn,  is  a  Culej\ 
It  was  in  Halteridium  that  MacCullum  first  observed  the  fertilisation,  and 
demonstrated  that  the  so-called  flagella  of  malarial  parasites  were  really 
microgametes.  According  to  Schaudinn,  MacCalluni's  observations  were 
substiintiallv  correct,  but  he  did  not  notice  the  minuter  details  of  structure 
(undulating  membrane,  etc.)  in  the  microgametes. 

(xENKiiAL  Remarks  on  the  H.*:m<»spokidia. — The  foregoing  descrip- 
tion of  the  four  generic  types  of  Hsemosporidia  bears  out  the  statement 
niado  above  that  they  have  little  in  common.  In  PlasnoHiium,  which  is 
tlie  nio:it  accurately  known,  and  which  may  be  tiiken  as  the  type  of  the 
order,  the  entire  development  appears  to  be  modelled,  so  to  speak,  on 
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the  coccidian  plan,  vrith  only  such  differences  as  can  be  explained  by 
adaptation  to  a  different  mode  of  life  and  a  special  method  of  dissemina- 
tion. In  Hctmogiegarina  the  development  is  not  yet  known  in  all  its 
details,  but  so  far  as  conclusions  can  be  drawn  from  the  recorded 
observations,  there  is  nothing  to  indicate  a  separation  from  Plmmodium 
greater  than  would  be  brought  about  by  placing  the  two  genera  as  types 
of  distinct  families.  The  stages  of  Hcemogregarina  gerhilli  described  by 
Christophers  in  the  invertebrate  host  appear  to  be  even  more  coccidian  in 
character  than  the  exogenous  cycle  of  Plasmcdium,  On  the  other  hand 
the  whole  life-cycle  of  Piroplasma  differs,  so  far  as  can  be  judged  at  present, 
in  all  stages  from  Plasmodium,  and  bears  no  obvious  aflSnity  to  that  of  any 
known  t}^  amongst  the  Telosporidia.  Piroplasma  must  be  considered  at 
present,  as  a  genus  entirely  apart,  of  which  the  affinities  are  not  yet 
established. 

As  regards  Halteridium  also,  the  life-cycle  described  by  Schaudinn 
does  not  permit  of  any  comparison  with  that  of  Plasmodium,  and  suggests 
that  the  former  genus  has  been  erroneously  referred  to  the  Haemosporidia. 
On  this  point  it  is  necessary  to  suspend  judgment  until  Schaudinn's 
statements  have  received  adequate  confirmation.  Billet  asserts,  how- 
ever, that  a  species  of  Lankesterella  (Hcemogregarina)  occurring  in  Algerian 
frogs  is  a  stage  in  the  life-cycle  of  Trypanosoma  inopimitum  occurring  in 
the  same  host.  These  facts  have  led  many  authorities  to  consider  the 
Haemosporidia  and  Hsemofiagellates  to  be  very  closely  allied,  and  Liihe 
considers  that  these  two  gi'oups  form  "  not  merely  a  biological  but  a 
systematic  unity."  Even  assuming,  however,  the  perfect  correctness  of 
the  statements  made  by  Schaudinn  with  regard  to  the  life-cycle  of 
Halteridium,  and  of  Billet  with  regard  to  Lankesiei'ella,  it  seems  to  me 
not  justifiable  in  the  present  state  of  knowledge  to  regard  the  Haemo- 
sporidia and  the  Haemoflagellates  as  a  single  natural  group,  in  view  of 
the  close  resemblance  of  the  life-cycles  of  the  malarial  parasites  and  the 
coccidia,  a  resemblance  which  was  clearly  established  by  Schaudinn,  and 
which  led  Mesnil  to  go  so  far  as  to  classify  the  malarial  parasites  as  a  sub- 
division of  the  coccidia.  The  tendency  of  recent  researches  would  seem 
rather  to  indicate  that  the  Haemosporidia  so-called  are  not  a  natural  group, 
and  that  many  forms  referred  to  it  are,  like  the  Leishman  -  Donovan 
bodies,  merely  resting  stages  in  the  life-cycle  of  Flagellata. 

Sub-class  II. — Neosporidia, — Sporozoa  in  which  spore-formation  gener- 
ally commences  and  proceeds  during  the  trophic  phase  of  the  parasite, 
trophozoites  hence  multinucleate;  spore -mother- cells  formed  in  the 
interior  of  the  body  of  the  parasite  (hence  Endospor^es  Metchnikoff) ; 
swarm-spore  usually  an  amcebula. 

The  foregoing  definition  may  be  taken  as  indicating  in  a  general  way 
the  distinctive  characters  of  the  Neosporidia  as  compared  with  the 
Telosporidia^  but  like  all  hard  and  fast  definitions  of  systematic  groups, 
it  may  require,  as  will  be  seen,  certain  modification  of  detail  in  its 
application  to  particular  cases ;  especially  as  regards  the  first  character, 
namely  spore-formation  during  the  trophic  phase. 
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The  Neosjtoridia  comprise  five  ordets,  the  Myxosporidia,  Actino- 
rayxitlia,  Microsporidia,  ISjircosporidia,  and  Haplosporidia.  By  many 
juithorities  the  order  Myxosporidia  is  iised  in  a  wider  sense,  to  include 
the  Micros|>oridia,  and  the  whole  onler  is  then  dii'ided  into  two  sub- 
orders, I'ha'nocystes  and  Cryptocystes  ;  the  fonner  are  the  Myxosporidia 
in  the  strict  sense,  the  latter  are  the  Microsporidia.  Hence  in  using  the 
nanie  Myxosporidia  it  is  necessary  to  understand  clearly  whether  it  is 
used  in  the  wider  or  in  the  narrower  sense.  In  the  present  article  it 
will  be  employed  in  the  latter  manner,  and  the  Microsporidia  will  In 
treated  as  a  distinct  order. 

Order  \.—Mi/.roiijioridiu  sens,  strict. — The  trophozoite  is  amceboid  and 
Khizopod-like  ;  the  spores  are  relatively  large  and  bilaterally  symmetrical, 
jiiid  have  two  or  four  "  polar  capsules,"  which  are  plainly  visible  in  the 
freah  condition  of  tlie  spore  (hence  Phaeiiocystes  Th^lohan). 

The  luimerous  forms  comprised  in  this  order  are  for  the  moat  part, 
though  not  exclusively,  parasites  of  fishes,  whence  they  are  commonly 
termed  "fish-p3oros|K!rms"  in  older  works,  a  term  applied  more  particu- 
larly to   their   conspicuous   sgrnres.     They  occur  also  in   amphibia   and 
reptiles,  though    a[»aringly,  but    are    not  known  as  yet  in  anj-    warm- 
blooded vertebrate.      In  invertebrates  their  occurrence  is  veiy  exceptional. 
In  the  boriies  of  their  hosts  the  Myxosporidia  are  either  Cfelozoic  or 
histozoic  in  habitat.      The  youngest  parasites,  however,  in  either  case, 
are  probably  of  intracellular  habitat.     The  ccelozolc  forms  are  found 
chiefly  in  the  cavities  of  the  biliary  or  urinary  organs,  that  is  to  say  in 
the  gall-bladder,    bile-ducts,   urinary  bladder,  or  kidney   tubules.       No 
species  are  known  to  occur  in  the  lumen  of  the  digestive  tract  or  in   the 
general  body-eavity  of  the 
'Y\  V  ^"^'^  '■''^  greg-.trines.     In 

the  cavities  in  which  they 
occur  thej  may  float  freely, 
r  be  itt^ched  by  their 
J  se  idopodia  to  the  lining 
p  theh  im  The  histozoic 
forms  occur  as  intercellular 
parasites  of  various  tissues, 
especiilly  of  connective  or 
muscnlir  tissue,  sometimes 
dso  nerxous  tissue.  In 
I  lie  tissue  attacked  by 
F         -sk.    «iofU    nail  fihn     i       iiaii  ihun    thev   may    lie   con- 

ri  niik  HiiKjni  ari   m  f  >  Th  I    {mo)  -Hv  rrin       ih     ceiitiated     at     one     spot 

:'.;s".„'i',-,'"s;r«.;r.-T»„'r,izv  'f™.-.  >  «,««  ".».iiy 

Msille  to  the  naked  «ve 
(compare  Fig.  6-1),  or  they  may  occur  in  the  condition  known  as  difFuse 
infiltration  (Fig.  57),  in  which  the  parasite  and  tJie  tissue  have  grown 
together  so  intimately  that  microscopic  examination  is  necessary  in  o»ler 
to  distinguish  them.      Since  the  body  of  the  parasite  iery  soon  becomes 
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converted  for  the  moat  part  into  spores,  sections  of  infected  tisane  show  it 
to  be  infiltrated  with  the  characteristic  "  psorosperms."  The  tissue- 
infecting  Myxosporidia  often 
caii^jc  ravaging  epidemics 
among  freshwater  fish. 

The  adult,  that  is  to  siiy, 
>!pore  -  forming  trophozoite, 
is  generally  large  and 
amd'boid,  with  the  body 
distinctly  divided  into 
hyaline  ectoplasm  and 
granular  etidoplasm  (Fig. 
58).      The  ectoplasm  is  the 

seat     of     movement,     all    ^''\       '  '  '  ,.    ■'.'■■'if^' 

p^iidopodia    taking  origin  ^  -  -     ■.    .       .      .  >  - 

ft-om  it,  and  is  probably 
also  protective  in  function, 
ctmbling  the  parasite  to  t"™.  w.  — Amn 
resist  the  action  of  the  i.-^n'da^^ 
juices  of  the  host.  Some-  "j^"!  "'* ' 
times  the  ectoplasm  is  con- 
verted temporarily  into  a  vertically  striated  layer,  as  in  Myriilium 
heherhtehiiii  of  the  pike  (Fig.  69),  a  condition  interesting  for  comparison 
with  the  Sarcosporidia  (see  p.  104).  The  endoplasm  contjiins,  Itcsides 
granulations  of  divers  kinds,  the  nuclei  and  the  spores,  both  usually 
numerous.  Id  some  species,  however,  spores  may  be  formed  only  at 
certain  seasons.  For  instance,  in  MyridiuM  lieherkueJinu  sjiores  are 
formed  during  the  wanner  months  of  the  year,  and  in  the  winter  the 
parasites  usually  contain  no  spores  but  many  nuclei.  During  this  season 
they  multiply  endogenously  by  separation  off  from  the  body  of  smaller 
mitsses  of  protoplasm,  e;ich  of  which  contains  seveml  nuclei,  and  grows 
to  its  full  size ;  a  form  of  ger- 
mination for  which  Dollein  liiis 
proj)oaed  the  tenn  plafmutomij. 

The  spores  of  Myxoaporidia 
exhibit  A'ery  distinctive  charactei-s, 
both  stnictural  and  develojmiciiUil, 
combined  with  the  utmost  varia- 
tion in  form  mid  external  tij>|>eur- 
ance.  The  fully  -  formed  Sjiore 
(Fig.  60)  is  of  fairly  large  size  iiiid 
I  enclosed  in  a  tough,  I'esistant  . 
»t.-i  spore-membrane  which  hiw  the 
'™"'  form  of  two  valves  meeting  in  a 
suture.  When  the  spore  gerniiiiatea 
in  a  new  host,  the  envelope  splits  along  the  sutund  tine.  Within  the 
membrane  are  contained  the  sporoplasm  and  the  pular  cai>sult;s  (Fig.  GI). 


tmphmnlt*  of  Jl/iiri.liuiii 
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The  latter  are  pear-shaped  bodies,  two  or  four  in  number,  disposed  in 
various  ways,  but  always  with  the  pointed  end  vertical  to  the  surface  of 
the  spore.  Under  the  action  of  certain  stimuli  a  delicate  filament  is  shot 
out  of  the  capsule,  after  the  manner  of  the  trichocysts  of  Ciliata  or  the 
nematocysts  of  Coelenterata.  The  filament  can  be  seen  as  a  coiled  thread 
in  the  undischarged  capsule,  giving  it  a  striated  appearance.  The  natural 
stimulus  to  the  discharge  of  polar  filaments  is  the  digestive  juice  of  the 
proper  host,  and  the  function  of  the  filaments  is  to  attach  the  spore  to 
the  epitheh'um  of  its  digestive  tract.  The  sporoplasm  is  a  rounded  mass 
of  protoplasm  generally  occupying  about  half  the  interior  of  the  spore. 
It  contains  two  nuclei  and  sometimes  also  a  vacuole. 

The  spores  arise  from  spore-mother-cells  or  pansporoblasts  (see  above), 
each  foimed  by  a  concentration  of  the  protoplasm  round  one  of  the  nuclei 


p.cc' 


F'iG.  60. — Sjiorps  of  StJurromyxu 
iMilbianii.  ",  in  ti.e  fn.'Hli  con- 
dition :  b,  flxe»l  antl  MUiin«><l. 
KhewinK  nnch?i :  j».f,  \K}\m 
Cfi\iHu\rH  ;  n.p.c,  their  niiclHi ; 
n.."}).  nuclei  (jf  Hporoplaj<ni. 
Fi-oni  Mindiin,  after 'ntcloliun, 
X  15<"». 


Fio.  01.  —  Polar  capsules  of 
Afyjobolux  ellipfoidM,  to  sliew 
the  ejection  of  the  filament. 
Aft^r  Balbiani. 


in  the  endoplasm  of  the  parent  trophozoite  (Fig.  62).    The  pansporoblast 
becomes  surrounded  by  a  delicate  envelope  or  pellicle,  and  its  nucleus 
divides  till  ten  or  twelve  nuclei  are  formed,  some  of  which  soon  begin  to 
(legeneratii.     At  the  same  time  the  pansporoblast  grows  in   size,   and 
when  a  limit  of  growth  has  been  reached,  it  divides  within  the  pellicle 
into    two  masses  of   protoplasm,   r^presentitig  two  sporoblasts.      Elacb 
sporohlast  contains  three  nuclei,  the  remaining  nuclei  of  the  pansporoblast 
having    degenerated  and   been   cast  out.       Kound  each  sporoblast   the 
.  tough  spore  membrane  begins  to  be  secreted,  and  within  the  membninc 
the  proto])lasm  divides  into  three  mjisses,  one  larger,  two  smaller,  centred 
round  each  of  the  three  nuclei.     The  larger  mass  of  protoplasm  becomes 
the   sporoplasm,   and   its   nucleus   divides  into   two.      The   two  smaller 
masses  of  protoplasm  are  termed  capsulogenous  cells,  and  give  rise  each 
to  a  polar  capsule.     In  the  species,  however,  in  which  four  polar  capsule^ 


I 


ttre  formed  there  are  four  capsulogenous  cells,  five  nuclei  are  present  in 
the  sporoblast,  and  some  fourteen  or  so  in  the  pansporoblast.  In  a  few 
rare  caises  one  of  the  two  polar  capsules  may  be  markedly  smaller  than 
its  fellow,  or  only  a  single  capsule  may  be  formed 

The  development  of  the  adult  trophozoite  fiom  the  spore  is  the  part 


a.  •^2.— ^|xire -format Ion  in  Hrioipiindli.  a  diDprentUtion  of  th«  pininnroblKBt  (p.ip):  A,  c,  d. 
j^rowlh  of  Ihf  iMn^inrotilAal  ui  f  iiiuUipliration  <jf  iO^  nnclet  m  t"  and  d  th?  protopUiBiii  [□  which 
tlir  i*iui|ioroblarit  1h  MnbndUpd  Li  not  Ahewn.  In  d  fonr  of  thpnuclHi  arfl  ilej^eumtme ;  ^  dlirlnlrai 
d(  llH-  ii>rw|>oniblut  Into  two  aporoblaati  (n>.  M),  rach  wltli  thR«  nuclei ;  r.n,  mldaa]  nuelid  : 
^k  ithrv  A  niiij^p  aporobliHt  or  ■por»  prodnc«a  Tnta  It ;  /,  Ilm  apore-inpinbranfi  (ip.»)  now  formed 
mchisn  t»o  npiiakigeiHitit  crlln  (c.ii.e),  nch  with  a  vacuole  (mc)  arid  the  ipomplaHm  (ir;>,;i) :  the 
nuclei  srr  not  ih^wn  ;  p,  ronnatlon  of  riMlDit-ntA  of  th»  polar  capflnlH  (r,jLe)  from  Dip  vacuoltq  of 
th«  prwv*1|[ii!  aijugtf',  «,  complete  spore,  witli  two  polar  cap*ii1r« (p.r),  eocli  with  the  renuilnfi  of 


of  the  life-htBtory  least  satisfactorily  known,  as  is  the  case  in  most  other 
sporozoa.       Th^lohan'a  ingenious  experiments  shewed    that   the  spores, 
when  swallowed  by  the  host,  germinate  in  the  digestive  tract     First  the 
polar  filaments  are  extruded,  then  the  spore- envelope  splits  open,  and  the 
s|)oroplasm   creeps   out  as  a  binucleatc  amcebula.      Attempts  to   bring 
about  infection  in  other  ways  gave  negative  results.     If,  however,  the 
BI>ore- contents    are    normally    hberated    in    the    in- 
testine, it  ie  evident  that  in  most  cases  the  amrebulfe 
iDust   undertake   very  extensive   migrations  in   the 
body  of  the  host  to  reach  the  organs  or  tissues  in 
"hich  they  occur.     In  the  carp  alter  infection  with 
lfi/jvb>Jii$  eyjiriiti,    Dofloin    found,  in    the  epithelial 
wils  of  the  kidney,  minute  amiebulie  multiplying 
*ctively  by  fission  (Fig.  63),  and  it  is  proliable  that 
'oe  great  number  of  parasites  often  present  is  due  to    ] 
'*l>id  endogenous  multiplication   of  minute  swarra- 
F*oreB.      It  may  be  inferred  that  the  first  |)eriod  of 
life-historyisone  of  active  multiplication  succeeded 
"i"    a  period  of  growth  during  which  the  numerous        iuiI^'nonTm  *''"''""■ 
?**»iute  parasites  cease  to  divide  further,  and  develop 
V^**  the  adult  spore-forming    trophozoites.       It  is    probable,  however, 
Ht  events  other  than  simple  proliferation  occur  during  the  early  period 
— PT.  II  II 
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of  the  life-history.  The  youngest  trophozoites  observed,  have  a  single 
nucleus,  while  the  amoebula  liberated  from  the  spore  is  binucleate.  It  is 
highly  probable  that  some  process  of  conjugation  takes  place  in  the 
early  stages  of  the  development,  comparable  to  the  conjugation  between 
swarm-spores  which  occurs  so  commonly  in  Sarcodina. 

The  Myxosporidia  are  divisible  into  two  sub-orders.  In  the  Disporea 
each  trophozoite  forms  but  a  single  pansporoblast,  and  therefore  only  two 
spores ;  the  rest  of  the  body  of  the  trophozoite  with  its  nuclei  degenerates 
as  residual  protoplasm.  In  the  Polysporea  each  trophozoite  produces 
numerous  pansporoblasts  and  twice  as  many  spores.  The  Disporea 
includes  two  genera,  Ceratomyxa  Th^l.  and  Leptotheca  Th^L,  the  species  of 
which  inhabit  for  the  most  part  the  gall-bladder  of  fishes,  but  Leptotheca 
renicoh  Th6l.  occurs  in  the  kidneys  of  the  common  European  frogs  Bana 
esculenfa  and  E.  kmporaria.  The  Polysporea  comprise  numerous  genera 
and  species,  of  which  the  following  are  amongst  the  best  known : — 
Mi/.ri(lium,  characterised  by  fusiform  spores  with  a  polar-capsule  at  each 
end  ;  M.  Ikberhiehnii  Biitschli  from  the  urinary  bladder  of  the  pike  is  a 
species  usually  easy  to  obtain  ;  Chloivmijxmn  Mingazzini  with  four  polar 
capsules,  type  C.  leydigi  Ming,  from  the  gall-bladder  of  the  dog-fish  and 
other  Elasmobranchs ;  and  Mtp-obolus  Biitschli,  of  which  numerous  species 
are  found  in  the  connective  tissue  of  the  skin  or  other  organs  of  various 
fishes,  and  are  often  the  cause  of  deadly  epidemics  amongst  them. 

Order  II. — Adinoiny.ndia. — This  group  was  founded  by  Stole  to  include 
certain  very  peculiar  parasites,  of  which  the  exact  position  in  classification 
has  been  a  matter  of  dispute.  In  all  four  genera  are  known  :  Sf/nacUno- 
niyxori  Stole,  Hcxacfinoniy.ron  S.,  Triactmomy.ion  S.,  and  SpJucractinamyxan 
Caullery  and  Mesnil ;  and  all  the  species  hitherto  discovered  are  parasitic 
on  oligochajte  worms  of  the  family  Tahificidcp.  The  recent  investigations 
of  Caullery  and  Mesnil  (14)  make  it  clear  that  these  parasites  must  rank 
amongst  the  Neosporidia  as  a  distinct  order  allied  to  the  Myxosporidia. 
The  trophozoite  at  the  term  of  its  growth  and  development  consists  of  a 
binucleate  envelope,  representing  residual  protoplasm,  containing  eight 
spores.  Each  spore  has  a  ternary  symmetry,  being  enclosed  by  an 
envelope  composed  of  three  valves,  and  containing  three  distinct  pokr 
capsules.  In  the  first  three  genera  mentioned  above,  the  valves  of  the 
spore  are  prolonged  into  tiiils  or  processes,  but  in  Spha'rnr.tinomyxfm  the 
spore  is  spherical,  without  any  prolongations.  The  sporoplasm  may  be 
either  a  plasmodial  mass  containing  very  numerous  nuclei,  or  may  l^ 
divided  up  into  a  large  number  of  sporozoite-like  bodies.  Caullery  and 
Mesnil  have  shewn  that  the  spore-envelopes  are  developed  separately  from 
their  contents  in  a  remarkable  manner  ;  the  former  arise  from  a  small 
mass  of  protoplasm  containing  six  nuclei,  which  becomes  divided  into  six 
cells,  and  three  of  the  cells  fonn  the  three  valves  of  the  spore,  the  other 
three  the  polar  capsules.  When  the  envelope  is  nearly  complete,  the 
sporoplasm  migrates  into  it.  The  development  of  these  organisms  shews 
])erhaps  the  nearest  approach  to  distinct  tissue -formation  among  any 
I^rotozoa.     For  further  details,  which  would  be  out  of  place  here,  the 


reader  is  referred  to  the  memoir  of  Caullery  and  Meanil  (14)  and  the 
authorities  cited  therein. 

Order    III. —  Mkrospoi-idia. — Trophozoites    more    or    leas    distinctly 
unKL'boid  i  spores  minute,  pear-shaped,  with  a.  single  potar-capsule,  which 
is  not  visible  in  the  fresh  condition  of  the 
spore  (hence  Cryptocystes  Th^lohan). 

The  Microsporidia  are  typically  cell- 
parasites,  which  infest  chiefly  invertebrate 
hosts,  and  especially  arthropods.  The  best- 
known  example  of  the  order  Is  Nosema 
fwiiiii/cis  Niigeli  of  the  silk-worm  disease. 
They  may,  however,  occur  in  other  inverte- 
brates of  various  classes,  and  also  in  fishes, 
but  they  ai'e  not  known  as  yet  in  any 
warm  -  blooded  vertebrate.'  Fleistopliora 
ttiiplancUv  of  the  cockroach  is  exceptional 
in  being,  according  to  Ferrin,  an  extra- 
cellular {i.e.  coilozoic)  parasite  occurring 
chiefly  in  the  lumen  of  the  Malpighian 
tubules. 

The  trophozoites  in  this  order  are  of 
two  very  distinct  types.  In  one  type,  that 
of  ntl<jhanu,,  l>Uiftop!iora  (Fig.  09).  etc.,  the 
pitrasites    are    minute    rounded     bodies    of 

iiiicroacopic  size,  wliich  contain  one  or  more  nuclei,  and  occur  within  cells. 
Such  forms  may  reproduce  by  schizogony,  which  can  take  the  form  of 
binary  or  multiple  flssion,  or  of  plasmotomy,  and  are  then  termed 
"meronts"  (Fig.  0">)  ;  or  they  may  proceed  to  spore- formation,  and  are 
then  called  sporonts  (Fig.  G6).  There  is  little  to  distinguish  the 
meronts  and  sporonts  of  this  type  from  a  Coccidian  or  other  Telosporidian 


two  cyrt"  (i,  k)  of  u/uoM 


[larasite,  except  the  characteristic  stnicture  of  the  siiorca,  and  the  fact  th;it 
lh«  s]Kires  arise  in  the  interior  of  tbu  spuront,  im))eddecl  in  the  pruLuplasiii 
which  is  left  over  as  residuum  (hence  Kndosporees,  Mctchuikoiy),  and  arc 
not  formed  by  superficial  simrulation  as  in  Telosiwritlia. 
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In  the  second  ty]>e  of  trophozoite,  that  of  Glugea,  the  nuclei  multiply 

as  the  p&raaite  grows,  and  the  result  is  a  large  multinucleate  trophozoite 

comi>arab!e    to    a    Myxosporidian 

#/^i%\  /<S5)v  /iBS^     parasite.        This     type    produces 

^iy        ^¥jJ        ^^«    cysts    distinctly    visible    to    the 
a  jf  \j^        \31y     naked   eye,   as   in    the    common 

^       Glugeii  anomala  of  the  stickleback 

S^fc  ^^  (Fig.    64).      The    body    of    the 

{^Tj        C^^        ^^ch     P*''**''^    i*    enclosed   in   a   cyat- 
IJi^  "Cfcy         '^^     envelope  or  tunka  propria  secreted 

/  y  jC        by  it,  outside  which  the  tissues  of 

^^  the  host  form  a  capsule  of   con- 

^^  .  nective    tissue    {Fig.    67).        The 

^«y         *         •         0  fl         trophozoite    soon    outgrows    the 

'  /  i"         C  m.  limits  of  a  single  cell,  and  is  to 

Flo.  6.i.-8por*-B^nutio>i  In  JiWoiaiia  mu,«,rt  (L.    >>e  regarded  as  of  histozoic  habiUt 
wj.x  iwf  diii«umofthn»|iorontjntotwo;(-ff,  fhe  nuclel  of  the  trophozoite  are 

illTlilon  Into  (bur  1  t,  ■noront  nrXtl  eUllIt  ■poro.  .  .'^      .  . 

bliutii;  1.  oiidit  BiHimi  initiHiiiitii  in  tiw Raiauni   at    first    vegetative    in    function, 

prntopluin  of  llw  ■pOT'inl:  J-l,  iHiininn  irf  ih..  .  '^  .  . 
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i  and  may  grow  to  a  very  large  sixe ; 
from  them  are  produced  amall 
u  le  ro  d  which  the  proto- 
plasm 1  Gcomes  concentrated  an  J  separ  ted  off  I  y  a  membrane  from 
the  rema  nder  of   the  protojlaam    to  i  o  I     e  b}  a  process  of    atemal 


gemmation,  a  uniinicleate  individual  which  fiimis  spores,  and  which 
is  exactly  connwriiblc  to  the  sporont  of  iho  first-mentioned  tyj>e.  It  is 
evident,  however,  that  the  sporonts  thus  funned  by  internal  budding  are 
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also  perfectly  comparable  to  the  pansporoblasts  of  the  Myxosporidia. 
The  homology  of  sporont  and  pansporoblast  is  sometimes  expressed  by 
saying  that  in  Pleistophora  and  its  allies  the  whole  trophozoite  becomes  a 
single  pansporoblast  It  is  perhaps  better,  however,  to  regard  the 
condition  of  Pleudophora  as  primitive  rather  than  secondary,  and  to 
consider  the  pansporoblasts  of  Glugea  and  of  the  Myxosporidia  as  sporonts 
produced  by  internal  gemmation  in  the  vegetative  trophozoite.  In 
Thehhaina  or  Pleidophora  there  is  no  nutritive  protoplasm  surrounding 
the  sporont,  and  the  vegetative  activity  is  shewn  only  in  schizogony. 
The  transition  from  this  type  to  that  of  Glugea  and  the  ordinary  Myxo- 
sporidia is  seen  in  the  disporous  Myxosporidia,  where  the  multinucleate 
trophozoite  produces  by  internal  gemmation  but  a  single  pansporoblast 
or  sporont. 

The  trophozoites  in  this  order,  of  whatever  type,  are  generally  of 
amoeboid  character.  Perez  has  described  gregarine-like  forms  in  llielohania 
nuenadis,  but  their  relation  to  the  ordinary  forms  is  uncertain,  if  indeed 
they  are  a  stage  in  the  life-cycle  of  this  species  at  all. 

The  spore -formation  proceeds  in  a  similar  manner  in  the  sporont, 
wliether  of  the  type  of  Pleistophora  or  of  Glugea.  The  nucleus  divides  a 
certain  number  of  times  by  binary  fission  to  form  daughter-nuclei  round 
which  the  protoplasm  becomes  concentrated  to  form  sporoblasts,  each  of 
which  becomes  a  spore.  According  to  Perez,  however,  the  whole  sporont 
becomes  a  single  spore  in  the  forms  for  which  he  retains  the  generic  name 
Nosema  Nageli,  and  the  same  thing  may  occur  exceptionally,  according 
to  Stempell,  in  Glugea  arummki  Moniez.  In  all  other  cases,  however,  the 
sporont  forms  more  than  two  sporoblasts  and  spores,  namely,  four  in 
(hirhya,  eight  in  Thelohauia,  and  an  indefinite  number  in  Pleistophora  and 
Glugea.  Each  sporoblast  has  at  first  a  single  nucleus.  It  becomes  of 
oval  sliap)e,  and  a  tough  envelope  is  secreted  round  it.  Within  this  the 
nucleus  divides,  according  to  Stempell,  into  four  nuclei,  two  of  which  are 
concerned  with  the  formation  of  the  single  relatively  very  large,  polar- 
eajxsule,  while  the  other  two  are  the  nuclei  of  the  sporoplasm.  The 
sf)ores  (Fig.  68)  are  generally  about  3  /jl  more  or  less  in  length.  In 
Ghigeti  anovmla,  however,  the  extruded  polar  filament  may  be  150  /*  in 
length. 

In  the  parasites  of  the  type  of  Pleistophora  the  infected  tissue  becomes 
infiltrated  with  great  numbers  of  sporonts  and  spores.  In  the  Glugea- 
tyj>e  the  cysts  become  a  mass  of  spores  towards  the  centre,  enclosed  by  a 
peripheral  zone  of  protoplasm  containing  the  large  vegetative  nuclei,  the 
whole  surrounded  by  the  cyst-membrane  and  the  connective-tissue  capsule. 
When  the  growth  of  the  cyst  reaches  its  limit,  the  vegetative  nuclei, 
according  to  Stempell,  break  up  into  granules  of  chromatin.  Following 
u|x>n  this  the  whole  cyst-wall  breaks  up,  setting  free  the  spores.  In  this 
process,  however,  small  spheres  of  protoplasm  may  be  formed  from  the 
peripheral  vegetative  layer.  Each  of  these  spheres  contains  chromatin- 
granules  derived  from  the  disintegrated  vegetative  nuclei,  which  then 
concentrate  themselves  to  form  secondary  vegetative  nuclei.     The  spherical 
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bodies,  eftch  witli  a  nucleua  thua  formed,  theii  wander  off  into  the  tissues 
of  the  host  and  form  secondary  cysts,  in  which  spore-formation  proceeds 
as  in  the  primary  cysts. 

The  infection  of  fresh  hosts  always  appears  to  take  place  by  way  of 
the  digestive  tract,  through  spores  being  accidentally  swallowed.  Accord- 
ing to  Stempell  the  polar  filampnt  is  first  extruded,  then  the  envelope 
dissolves,  and  the  sporoplasm,  having  gone  through  a  process  of  binary' 
fission  corresponding  to  its  nuclei,  emerges  as  two  minute  amoebulie.  The 
two  amoebulfe  then  proceed  to  conjugate,  and  the  zygote,  as  a  tiny 
am<ebula  with  a  single  nucleus,  passes  tiirough  the  gut- wall  and  initiates 


a  new  jarasitic  cydu.  In  ^mertw  liomlmris  it  lias  long  been  known  thai 
in  addition  to  ordin«i-y  casual  infection  by  the  digestive  tract,  heretliwry 
infection  also  occui-s,  produced  by  the  penetration  of  the  parasites  inti 
the  ovary  of  the  silk-worm  moth,  and  the  production  there  of  spores 
which  germinate  in  tlic  newly-hatched  c(iteii)iiliir. 

The  genera  conii-rised  in  the   Mlc-rosimridia   may  be   classified  at' 
follows  (\\rc7.)  :- 

Sfiction  u.   l'ylysi.r.riit.'1'ii.'n.      Tlie   rt-liuivi'ly  l;ii't;t   Irojihoioite  iirodiui-s  I'v 
interim)    geiiinmliuii    :iiuiii'ruii>    sj'unmu   or    panspombk^ls. 
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Section  j8.  Oligosporogenea.     The  trophozoite  becomes  &  eiogle  eporont  or 

paneporoblasL     Genera— Ourln/a  Doflein,  Thdohania,  Henne- 

guy,  and  Pleutophora   Gurley  (Fig.  69),  characterised   by  the 

?poront  producing  four,  eight,  or  ntimeroUB  B]iorea  respectively. 

Section  y.   MonoBporogeiiea,     The    trophoioite    (sporont)    becomes  a  single 

spore.     Genera — Noitma  Niigeli. 
Hitherto  the  generic  names  Glugea  and  Xosfnui  liave  been  used  as 
synonrmous,  but,  according  to  Perez,  they  should  be  used  in  tlie  sense 
given  above,  the  type  of  the  former  being  G.  annm-th  Moniez,  of  the 
stickleback,  and  of  the  tatter  j\'.  b"ml'ffcis  Niigeli,  of  the  silkworm. 

Order  IV. — Sarco^ridiu. — Tlie  parasites  of  this  order,   though   of 
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common  octuri*ence,  are  the  least  satisfactorily  known  of  all  the 
principal  groups  of  SjKirozoa.  They  are  fouml  !ia  pai'asites  of  striped 
niu.<H:I>-s  of  mammals  and  birds  chiefly,  but  arc  kiiiiwn  also  fi-oni  reptiles. 
They  are  found  frequently  in  domestic  animals  such  as  the  pig  and 
Rhccp.  and  are  known  also  to  occur  in  man  (see  article  "  Psorospermosis  "). 
Thf  strijicd  muscles  of  the  ivsophagus  or  the  heiiit-musele  are  the  most 
likely  places  to  find  them,  but  in  acute  cjises  all  the  muscles  of  the  hndy 
may  lie  infected  l»y  them.  The  relatively  large  si/t'  of  the  parasite 
makes  them  fairly  conspicuous  objects  when  present  {Fig.  70). 

In  its  first  stage  the  parjvsite  appeal's  as  an  elongated  whitisii  bo<!y  lodged 
in  the  sulwtance  of  a  muscle-fibre  (Fiu;.  7 1  t).  In  this  condition  it  is  known 
as  H  "  Jiiescher's  Tube,"  a  name  originally  applied  to  the  ti'ophozoitea  of 
S'lri-oci/i'ti'  mtiris  (Blanchard)  of  the  mouse,  which  have  the  appeai-ance  of 
white  streaks  or  threads  in  the  ranacles.     The  youngest  trophozoites  that 
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have  been  observed  were  described  by  Bertram  in  Sarcocystia  teiulla  of  the 
Bhcop,  and  were  already  multinucleate,  but  there  can  be  no  doubt  that  in 
its  earliest  stage  the  trophozoite  is  uninucleate.  As  the  parasite  grows, 
pansporoblasts  are  formed  jutt  as  in  Myxoaporidia  or  in  Microsporidia  of 
the  type  of  Gluqen  bj  separation  off  internally  of  spheres  of  protoplasm 
centred  each  round  a  nucleus  At  tho  same  lime,  a  striated  envelope 
begins  to  make  its  appearance  enclosing  the  whole  trophozoite  (Fig.  71  b). 
The  exact  nature  of  this  cn^cl^pe  is  disputed,  but  its  presence  is  very 
charactei  istic  of  these  parasites     It  may  be  compared  with  the  similar 
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envelope  of  MiixUiam  Uitberhuehnh  or  ^  ith  tho  tunici  propria  of  HlHi/ea 
iiiwnialti,  described  above.  Extensions  i  ih  inU  of  the  superficial  envelope 
are  also  formed,  giving  the  interioi  of  tlu  piiasite  m  alieular  or  honey- 
combed structure.  In  each  ;ihe)lia  is  containi  1  it  first  a  single 
jiansporoblast,  which  divides  up  to  foim  n  imero  is  spores.  Thus,  a 
typical  sarcosjionili^ti  ijarasite  hi  imniediiieli  undei  the  striated 
enveloitc  a  layer  of  living  prolopli  m  with  uueloi  concentrated  chiefly  at 
the  two  poles  of  the  body ;  internilh  t  this  is  the  zone  of  spore- 
formation,  in  which   the   alveoli  contiiti  p,msporobl  ists  dividing  up  to 
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form  spores  (Fig.  73) ;  and  towards  the  centre  of  the  body  are  found  the  ripe 
spores  in  immense  numbers,  of  which  those  most  centrally  placed  may,  in 
older  parasites,  be  undergoing  disintegration.  The  parasite  grows  chiefly 
in  length  by  forming  spores  at  its  two  poles. 

The  Miescher*s  tube  thus  constituted  may  grow  until  it  distends  the 
muscle-fibre  greatly  beyond  its  normal  width,  absorbing  the  contractile 
substance  as  it  does  so.  It  then  passes  out  of  the  muscle-fibre  into  the 
adjacent  connective  tissue  of  the  host.  In  this  second  stage  the  parasite 
rounds  itself  off  more,  and  the  tissues  of  the  host  form  a  cyst  round  it. 
Such  cysts  may  reach  a  length  of  50  mm.  in  the  sheep,  and  even  more 
than  this  in  other  animals.  The  contents  of  the  cyst  consist  of  vast 
numbers  of  spores.  By  biu-sting  of  the  cysts  their  contents  become  in 
some  cases  diffused  in  the  tissues,  and  the  spores  are  then  probably 
conveyed  by  the  blood  to  other  parts,  where  they  give  rise  to  a  fresh 
infection.  Some  animals,  such  as  the  mouse,  are  liable  to  be  completely 
overrun  by  these  parasites,  and  are  killed  off  by  them  rapidly,  but  in 
most  cases  Sarcosporidia  appear  to  be  comparatively  harmless  to  their 
hosts.  I^averan  and  Mesnil  have  isolated  a  toxin,  however,  which  they 
have  named  sarcocystine,  from  the  sarcosporidian  parasite  of  sheep. 

The  statements  with  regard  to  the  spores  are  conflicting,  but  it 
appears  highly  probable  that  they  are  of  two  kinds,  namely,  gyranospores, 
which  spread  the  infection  in  the  same  host,  and  true  spores,  destined  to 
infect  fresh  hosts.  No  investigators  appear,  however,  to  have  found 
lK»th  kinds  of  spores  in  the  same  species  of  parasite.  The  gymnospores 
are  commonly  termed  "  sporozoites  "  or  "  Rainey's  corpuscles,"  the  latter 
name  being  applied  more  especially  to  those  occurring  in  the  pig. 
They  are  sickle-shaped  bodies  which  at  a  suitable  temperature  (35-37"  C. 
in  the  case  of  Sdrcocystis  muris)  shew  peculiar  movements,  a  combination 
of  displacement  by  gliding  forwards  and  of  rotation  on  their  long  axis. 
They  also  exhibit  changes  of  form,  and  are  stated  to  become  amoeboid. 
In  iS'.  muris  they  measure  about  12/a  in  length  by  4  ft  in  breadth,  but 
in  other  species  they  may  be  very  much  smaller 
(3-4  ft  in  length  by  1  /*  in  breadth). 

Bodies  which  must  be  regarded  as  true 
spores  have  been  described  by  Laveran  and 
Mesnil  from  Sarcocystis  ienella  of  the  sheep  (Fig. 
74).  They  are  sausage-shaped  with  one  end 
mundecl,  the  other  more  attenuated.  Near  the 
rounded  end  is  the  single  large  nucleus ;  the 
middle  portion  of  the  spore  is  occupied  bv  fkj,  74.  — siM>rrji  ci  .•^ircocy^^w 
granidar  protoplasm;  and  the  more  pointed  l^!^ ^^^"1^.:^^. 
end  contains  a  striated  body  which  perhaps  '■^''^»^,  uucieus  («),  an.i  a 
represents  a  polar  capsule.  W  hile  some  in-  stainin-.  Fn.m  Mimbin, 
vesti^tors  have  amrmed  positively  that  a  polar 

filament  is  extruded  from  the  spore,  others  have  been  unable  to  confirm 
the  st.jitement.  The  existence  of  a  polar  capsule  in  the  spores  of  Sarco- 
sporidia is,  therefore,   at  present  somewhat   doubtful.      A   noteworthy 
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feature  of  these  spores  is  their  delicate  njiture.  Even  distilled  water 
deforms  them.  It  is,  therefore,  very  unlikely  that  they  are  disseminated 
simply  by  being  spread  abroad  like  the  resistant  spores  of  other 
Sporozoa. 

Nothing  whatever  is  known  as  to  the  means  by  which  the  infection 
by  Sarcosporidia  is  brought  about.  It  has  been  proved  by  Smith  that 
mice  can  be  infected  with  Sarcocystis  mmis  by  feeding  them  on  the  flesh 
of  mice  already  infected.  It  is  very  improbable,  however,  that  this  repre- 
sents the  natural  method  of  infection  even  for  mice,  and  cannot  do  so 
for  many  other  animals. 

All  known  Sarcosporidia  are  at  present  included  in  a  single  genus 
Sarcocystis  Lankester.  Blanchard  made  two  genera  Mie^heria  and 
Balbiania  to  denote  forms  parasitic  in  the  muscles  and  in  the  connective 
tissue  respectively,  but  since  it  has  been  shewn  that  these  two  genera 
represent  merely  phases  in  the  life-history,  they  have  become  obsolete. 
The  best  -  known  species  of  Sarcocystis  are  S.  inuris  Blanchard  of  the 
mouse,  S.  miesch^Maiia  Kiihn  of  the  pig,  and  S.  tenella  Kaillet  of  the 
sheep.  The  last-named  species  is  stated  also  to  occur  in  man  (see  article 
"  Psorospermosis  "). 

Order  V. — Hajplosporidin. — Spores  of  simple  structure,  with  a  single 
nucleus,  and  without  a  polar  capsule. 

To  this  order,  characterised  chiefly  by  simplicity  of  structure  at  all 
stfiges  and  by  the  absence  of  the  special  features  distinctive  of  the  thi*ee 
preceding  orders,  a  number  of  forms  have  been  referred  which  are 
parasitic  on  various  invertebrates  and  on  fishes.  Quite  recently  a 
parasite  of  man  has  been  added  to  the  list.  As  in  all  systematic 
groups  of  primitive  characters,  the  precise  limits  of  the  group  are 
difficult  to  define,  and  the  position  of  many  of  the  fomas  refen'ed  to 
it  is  at  present  somewhat  doubtful. 

A  typical  haplosporidian  parasite  commences  its  trophic  phase  as  a 
minute  uninucleate  corpuscle,  in  which  the  nuclei  multiply  as  it  grows. 
The  multinucleate  trophozoite  is  commonly  spoken  of  as  the  plasmodial 
phase,  though  it  is  not,  as  a  rule,  amoeboid  and  may  have  some  definite 
form,  in  many  cases  that  of  a  sfiusage.  AVhen  it  reaches  a  certain  size, 
the  protoplasm  becomes  di\ndcd  up  to  form  uninucleate  spores.  In  the 
simplest  cases  the  spores  are  rounded  or  ovoid  bodies,  without  a  distinct 
membrane,  and  not  differentiated  for  endogenous  and  exogenous  develop- 
ment, but  capable  of  develoj)ing  in  the  same  or  in  another  host.  In 
other  cases  the  spores  may  have  an  elongated,  gi'egarine-like  form,  as  in 
Polyraryum,  or  may  have  a  definite  membrane,  as  in  Haplosjwridium  and 
its  allies.  But  in  all  ciises  alike  the  spore  has  a  single  nucleus,  distinct, 
relatively  large,  and  easily  stained,  without  any  other  internal  differentia- 
tion of  the  spore-contents.  This  feature  distinguishes  the  parasites  of 
this  order  at  once  from  ^licrosporidia,  such  as  Plcisfophora,  to  which  they 
often  shew  considerable  resemblance. 

The  solo  human  parasite  which  has  been  referred  to  this  oi"der  is 
lihiiw<iporidium  kinealyi  Minchin  and  Fantham  (54),  which  has  l>een  found 


pz 


LX 


in  tumours  of  the  septum  nasi  of  natives  in  India.  The  tumours  »re 
vascular,  peduncuUt«d  growths,  resembling  a  raspberry,  which  are  found 
in  sections  to  contain  great  numbers  of  the  parasites  imbedded  in  the  con- 
nective tissue.  The  youngest  parasites  are  of  irregular  form,  and  consist 
of  granular  protoplasm  enclosed  by  a  hyaline  membrane,  and  containing 
apfiitrently  numerous  minute  nuclei.  As  the  parasite  grows  it  becomes 
generally  of  spherical  form,  and  its  hyaline  envelope  becomes  greatly 
thickened,  forming  a  definite  cyat-wall.  Towards  the  centre  of  the  body 
the  protoplasm  becomes  segmented 
into  spherical  pansporoblasts, 
each  at  first  uninucleate.  In 
these  pansporoblasts  the  nuclei 
nia]ti|>ly  and  give  rise  to  spores, 
which  are  formed  gradually  and 
success iicly,  the  number  increas- 
ing from  one  or  two  to  about 
a  dozen.  In  this  way  each 
pansporoblast  becomes  conveited 
into  a  spore-morula.  Spore- 
formation  goes  on  continually  at 
the  exficnsc  of  the  i>eripheral 
Koiie  of  growing  protophksm,  which 
Iiecomcs  less  apparent  as  the  cyst 
rt.'iiches  full  size,  and  is  probably 
used  lip  entirely  when  the  limit 
of  growth  is  atUiined.  A  cyst 
will  then  consist  of  three  zones, 
within  tho  onveloiw  (Fig.  75) ; 
at  the  peiiphery  a  zone  of  uni- 
nucleato  pansporoblasts;  internal  to  this,  an  intermediate  zone  of  spore- 
formation  ;  and  most  cctitrallj-,  a  great  number  of  spore-morulw.  The 
1  i[>e  cysts  appear  to  burst  and  spread  their  contents  in  the  tissue  of 
the  tumour,  thus  giving  n'ae  to  fresh  cysts.  The  tumours  recur  reiulfly 
if  not  completely  extirpated.  Nothing  is  kno^vn  aa  to  the  method  in 
which  the  infection  is  spread. 

The  HaploB]>oridia  have  been  divided  by  Caiillery  and  Mcnnil  (15) 
into  three  fanulics — UnjilosporidikUe,  Beiira  mUdi'-,  and  Caimporidiuhe — 
with  some  additional  genera  tlie  position  of  which  is  doubtful.  Among 
the  latter  is  the  genus  Sckmakmelld.  (CiiuUery  and  Mesnil),  with  a  single 
siMKries  parasitic  on  Crustacea  (Cycloi>s,  etc.).  This  form  is  rcninrkable  in 
si'vcral  jKiinte  (Fig.  76).  The  trophozoites  are  amceboid  and  contain  a 
contractile  vacuole,  tho  only  known  instance  of  the  occurrence  of  such  an 
organ  amongst  the  SporoEoa ;  the  amitltte  tend  to  fonn  pla.sn)odia  hy 
fusion  ;  encystment  takes  phice  cither  of  single  anitfte  or  of  plasmodia, 
and  within  the  cyst  spore-formation  proceeds  progressively  ;  and  the 
spores  themselves,  which  are  of  the  usual  simple  type,  may  multiply  by 
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Ilhinagxmdium  cannot  be  included  in  either  of  the  three  families  of 
Caullery  and  Mesnil,  and  stands  somewhat  apart  It  differs  from  all 
other  Haplosporidia  as  Glugea  differs  from  Pleislophora  among  the 
MicroBporidia,  that  is  to  say,  in  forming  many  pansporoblasts.  In  the 
progressive  formation  of  spores  in  the  pansporoblast  it  resembles  Schevia- 
koveJla,  and  the  spores  are  of  the  usuiil  simple  haplosporidian  typte. 


Sporozoa  Incertie  Sedls. — Besides  the  forms  belonging  to  the  seven 
orders  of  SporoKua  described  above,  a  inimber  of  other  parasites  are 
retcrre<l  usually  to  this  class  of  Protosma,  but  cviinot  lie  assigned 
detiriiteiy  at  present  to  any  of  its  recognisetl  subdivisions.  These 
intermediate  fonns  are  for  the  most  part  insufficiently  known,  and  when 
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thoroughly  investigated  in  all  phases  of  their  life-history,  they  may  take 
■  pkce  cvenliially  among  the  existing  orderB  of  Sporozoii,  or  may  rank  as 
rqirBsentalivos  of  new  systematic  subdivisions  of  the  class,  or  may  turn 
uut  not  to  belong  to  the  Sporozoa  at  all,  in  some  cases  perhaps  not  even 
tu  the  Protozoa.  Since  it  is  not  possible  to  give  a  general  account 
"I  theM  aberrant  forms,  the  reader  is  referred  for  detailed  descriptions  of 
liiom  to  Minchin  (53)  and  Caidlery  and  Mesnil  (15).  A  few  genera  only 
*ill  be  mentioned  here,  forma  either  not  dealt  with  in  the  worlu 
mentioned,  or  important  as  human  parasites. 

The  genus  Cytorydes  was  founded  by  Guaniieri  in  1892  for  the 
"liodies"  observed  in  deep  epithelial  cells  in  vaccine  and  small-pox 
jiiisiules.  The  structures  in  question  were  believed  to  be  intracellular 
JiMMites  belonging  to  the  Protozoa,  and  were  named  CyUiryries  innriiiiit'. 
ind  (',  vnrwUr  respectively.  This  interpretation  has  been  criticised  or 
mnfirmed  by  subsequent  investigators.  A  summary  of  the  investigations 
"id  h)-pothesee  put  forward  on  this  subject  will  be  found  in  the  memoir 
"f  Cnuncilmiui,  Magrath,  ami  Briuckerlioff  (20).  Quite  recently  the 
clinlogy  of  small-pox  and  vaccinia  has  been  the  subject  of  detailed 
''iv:!sligationa  in  America  by  Councilman  and  other  pathologists,  in  con- 
jmitiion  with  whom  Calkins  (11)  has  studied  the  question  from  the 
'''olugical  point  of  view.  The  results  of  these  concerted  investigations, 
>'hicb  tend  to  establiiifa  the  parasitic  and  protozoan  nature  of  the  bodies 
'I'  <|ueation,  ure  mainly  as  follows  '■ — 

In  small-pux  the  pnrusite  is  found  to  be  confined  to  lesions  of  the 
sintifiwl  epithelium  of  the  skin  and  of  the  mucous  membranes  of  the 
'oit  palate,  pharynx,  and  (esophagus,  lesions  which  are  regarded  as 
[iindMnentally  specific  in  character  and  distribution.  The  Bi>ecific  lesion 
'if  BniaJl-[iox  is  a  focal  degeneration  of  the  stratified  epithelium  which 
l^vtu  rise  to  the  characteristic  pock  or  pustule.  The  parasites  in  the 
Ifwons  are  found  chiefly  in  the  cells  of  the  rete  mucosiim  up  to  about 
ilw!  With  day  of  the  disease,  i.e.  the  sixth  day  from  the  appearance  of 
'he  eruption,  rarely  later.  CiftorycUs  is  to  be  considered,  therefore,  as 
•^Hntially  an  intracellidar  parasite  of  stratified  epithelium.  It  occurs  in 
*W  forms,  a  younger  cytoplasmic  and  a  later  intranuclear  form.  To 
two  phases  must  be  added  a  still  earlier  but  entirely  hypothetical 
covering  the  period  from  the  primary  infection  by  the  air-borne 
(spores)  to  the  first  appearance  of  the  parasites  in  vast  numbers 
stntiGed  epithelium ;  thus  making  in  all,  three  phases  within  the 
body. 

regard  lf>  the  first  phase  of  Cyltrrycks,  in  the  absence  of  any 

it  can  only  be  conjectured  that  at  the  seat  of  the  primary 

of  rapid  multiplication  takes  place,  and  that  from  this 

minute  germs  of  some  kind  spread  through  the  body  in  all  direc- 

pnibably  by  means  of  the  blood-ciurent.     These   germs  become 

the  stratified  epithelium  of  the  skin  and  the  commencement  of 

jenive  tract  at  various  points,  multiplying  there  and  giving  rise  to 

ihiracteristic  eruption.      It  is  possible  that  this  process  of  primary 
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multiplicatiou  and  diffusion  of  the  gemiB  may  coincide  with  the  initial 
fever. 

Ill  the  second  phase  the  organism  appears  in  the  ceils  of  the  epi- 
thelium in  the  specific  lesions  as  a  minute  amceboid  organism  which 
reproduces  by  a  process  of  multiple  fission  to  form  minute  germs,  termed 
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liy  Calkins  "gcminules."  The  parasite  may  multiply  in  this  way  for 
never.d  genenitions.  In  this  part  of  the  cycle  the  parasite  is  entirely 
similar  to  the  vacciiie-liniiy,  and  Calkins  considers  that  in  vaccinia  and 
variola  we  have  to  do  with  the  same  organism,  which  in  variola  passes 
thi-ough  a  third  iiitnuiuclair  plnise  not  found,  and  apparently  inhibited, 
in  vaccinia.  Hence  the  second  phase  is  termed  the  vactine-cycle  (Pig.  77). 
The  youngest  parasites  of  the  vaccine-cycle  are  minute  intracellulur 


iwiies  which  ataiii  like  chromatin  and  appear  to  be  entirely  composed  of 
this  luiHUnce.  They  meiisure  about  7  fi  in  diameter,  and  there  may  be 
xnrai  in  a  cell.  As  the  parasite  grows,  a  cytoplasmic  porcion  becomes 
lUtfbraiitiated,  first  towards  the  centre  of  the  body,  later  at  the  periphery. 
In  the  linal  stages  of  growth  the  parasite  is  an  organism  of  amojboid 
Jltpenmnce,  measuring  10-14  /*  in  length,  consisting  of  finely  granular 
lytoplnsm  in  which  are  disi^raed  irregular  patches  of  chromatin  (Fig.  77,  C). 
There  is  m  fact  no  definite  centralised  nucleus,  but  the  nuclear  sub- 
■Unce  is  scattered  in  the  form  of  chromidia.  When  growth  is  com- 
(ilete,  the  chromatjn  becomes  broken  up  into  minute  giunuies  diffused 
'veoly  through  the  cytoplasm  of  the  parasite  (Fig.  77,  D).  These 
OTntiles  become  more  definite  and  form  the  gemmides.  Each  comes  lo 
lit  ill  H  minute  vesicle  or  clear  apace  in  the  eytopJaBm  (Fig.  77,  F). 
fiinilj"  the  gemmules  are  set  free,  and  infect  fresh  cells,  where  they  are 
fuimd  jji  the  foi-m  of  the  youngest  stages  already  described.  After 
■siting  free  the  gemmules,  the  body  of  the  parasite  remains  as  a  residual 
ii!i»of  protoplasm  containing  a  few  fragments  of  chromatin  (Fig.  77,  H). 
7bs  residuum  ultimately  disintegrates. 

The  third  or  intranuclear  phase  of  the  parasite  (Fig.  78),  specially 

':iiirtict«riBtic  of  small-pox,  is  initiated  by  gemmules,  form^  in  the  manner 

'i!«Tibed  in  the  preceding  paragraph,  passing  into  the  interior  of  the 

liutlens  (Fig.  78,  A).     In  this  situation  they  develop  into  amceboid  bodies 

"nitaining  chromatin  scattered  iiTogularly  in  their  cytoplasm  (Fig,  78, 

^  ^j-    According  to  Calkins  the  intranuclear  parasites  become  gameto- 

iTtm  of  two  kinds,  but  considerable  doubt  must  attach  to  this  part  of 

I      the  life-cycle.      The  supposed  male  forma  are  spherical,  at  first  with 

H^wntraj  chromatin  from  which  a  ring  of  minute  chromatin  dots  is  formed 

^btthe  periphery  of  the  body  (Fig.  76,  D).     These  chromatin  dots  are 

^pHu^rtCed  aa  the  almost  ultramicroscopical  male  gametes,  which  become 

BOBiuted,   leaving  the   rest   of    the  body  as  a   residuum.     The    female 

'      pnMtocytes  are  spherical  with  central  chromatin  (Fig.  78,  E).     Each  is 

Wievei]   to   liecome  a  female  gamete,  and   to  be   fertilised  by  a  male 

(jsnieie,  uft«r  which  the  parasite  is  to  be  termed  the   zyj^te,  a  fairly 

"  !,  inorf   or   less  amieboid  body  with  a  central  mass  of  chromatin. 

*  zygote  pushes  the  chromatin  of  the  host-nucleus  to  one  side,  and 

Datoly  absorbs    it.      The   chromatin    of    the    zygote    ne->:t    iK-comes 

^buted  through  the  body  of  the  parasite  by  fragmentation,  and  the 

eut«,  at  first  minute,  grow  in  size  (Fig.  78,  F).     At  this  stage  the 

uite  breaks  nut  of  the  host-nucleus,  the  membiune  of  which  1>ecomes 

Uegrated.     Rtich  uhrom  a  tin-mass  of  the  paraeito  becomes  a  body  which, 

is  destined  to  form  several  spores,  should  be  called  a  pansporoblast. 

I,  however,  uses  the  term  pansporoblast  for  the  whole  zygote,  and 

""1Mb  for  the  masses  of    chromatin  which  produce  such  a  number 

Ptpores;  but  the  word  sporoblaat  should  always  be  used  to  denote  the 

T^f  from  which  a  single  spore  arises.)      Each  panajxiroblast  (in  our 

)  becomes  a  hollow  ring  or  sphere  of  chromatin,  from  which  the 

e  differentiated  (Fig.  78,  G,  H).     The  spore  is  a  minute  body, 
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the  bulk  of  which  is  a  refnngent  vacuole  bearing  at  one  pole  a  clump  of 
chromatin  The  eporea  may  develop  within  the  nucleus  inU>  secondary 
pansporoblasts    from   which  spores  are  fonned  again  by  a  process  of 


•K  (iHintMimNaJit*) ;  1 


Smnrt*  or  ijuni' : 


jr  rip^  spores,    ftp,  ^i"*' 


schizogony  in  the  same  manner  as  in  the  primary  pansporoblasts.  These 
minute  rcfringent  spores  are  probal>Iy  the  means  by  which  the  infection 
is  spread. 

Calkins  considers  that  CijtunKtes  should  be  classed  with  the  Micro- 
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sporidia,  but  since  the  spores  do  not  apparently  contain  any  polar  fila- 
ment, and  are  uninucleate,  it  is  rather  with  the  Haplosporidia  that  the 
l>arasite  should  be  classed.  In  this  group  it  resembles  most  the  peculiar 
panisite  of  brook- trout  described  by  Calkins  under  the  name  Lympluh 
sporidiatii.  Calkins  puts  together,  as  a  family  Cytoryctidcf^  the  genera 
Cytorycie.^  Guarnieri,  Lymphosporidium  C.  and  Caryaryde.s  C,  the  last  being 
a  peculiar  intranuclear  parasite  of  Parainecium  very  similar  in  many 
points  to  the  third  phase  of  the  small-pox  parasite.  In  the  power  of 
multiplication  by  fission  within  the  host  possessed  by  the  spores,  the  life- 
cycle  of  Cytoryctes  resembles  that  of  SchevUikavella  (see  p.  107). 

In  the  foregoing  paragraphs  the  life -cycle  of  Cytoryctes  has  been 
sketched  in  its  principal  outlines,  following  the  description  of  the 
American  investigators.  Siegel  (80),  on  the  other  hand,  gives  a  totally 
different  account  of  this  parasite,  altering  even  the  spelling  of  the  name 
to  Cytorhycies.  Siegel  finds  several  species  of  this  organism  to  be  the 
cause  of  different  acute  exanthemata  of  man  and  animals  ;  such  are 
Cytorhycies  racriniw  Guarnieri  of  small-pox,  C.  aphthunim  S.  of  foot-and- 
mouth  disease,  C.  smrlatimv  S.  of  scarlet  fever,  and  C,  luis  S.  of  syphilis. 
The  parasites  occur  under  two  forms.  The  first  is  a  mobile  form,  '5  lo 
1  /x  in  length  by  *!  /a  in  breadth.  The  body  is  pear-shaped,  with  one 
end  running  out  into  a  delicate  refringent  process,  which  is  apparently 
of  the  nature  of  a  flagellum,  but  can  be  protruded  and  retracted.  By 
means  of  this  organ  the  parasite  performs  movements  which  are  described 
as  being  very  similar  to  those  of  Trypanoplasma,  and  consist  of  locomotion 
round  a  circle  of  about  1 5  ft  in  diameter.  The  protoplasmic  body  of  the 
])arasite  contains  two  masses  of  chromatin,  one  situated  at  the  pointed 
end,  the  other  at  the  broad  end.  The  mobile  forms  may  multiply  by 
binary  fission,  or  by  sporulation  following  multiple  division  of  the 
nucleus.  As  the  result  of  the  latter  process  they  may  break  up  into 
mobile  forms  again  or  into  individuals  of  the  second  or  non-mobile  type 
which  are  termed  cystospores  and  probably  represent  the  infective, 
i-esistant  phase.  The  cystospores  (in  C.  mccinicv)  are  larger  than  the 
mobile  forms  and  divide  each  into  two  sporozoites.  These  parasites  are 
found  in  the  blood  or  expressed  juices  of  the  organs,  and  are  able  to 
pass  through  a  Chamberland  filter.  The  different  species  may  shew 
characteristic  differences  of  parasitic  habitat.  C.  aphiharum  attacks  the 
nuclei  of  the  epithelial  cells.  C,  luis  sporulates  in  the  connective  tissue 
and  in  the  blood-vessels,  never  in  the  epithelium. 

Siegel  regards  the  genus  Cyiorhyctes  as  one  intermediate  between 
Sporozoa  and  Flagellata.  It  is  difficult  to  reconcile  his  results  with 
those  of  the  American  investigators,  though  the  mobile  forms  described 
by  Siegel  might  possibly  represent  a  phase  of  the  panisite  described  by 
Calkins.  SiegeFs  criticism  that  the  parasites  described  by  the  Americans 
were  seen  in  material  prepared  from  corpses,  is  met  by  Magrath  and 
Brinckerhoff's  discovery  of  the  same  forms  in  monkeys  artificially  inoculated. 
It  may  be  also  pointed  out  that  the  claims  of  Cyiorhyctes  luis  to  be  the 
cause  of  syphilis  conflict  with  those  of  Treponema  pallidum  described  on 
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p.  46.  Maclennan  suggests  that  Cytorhydes  hits  represents  one  stage,  and 
Treponema  pallidum  another,  of  the  life-cycle  of  the  same  organism. 

Prowazek  (69)  has  recently  published  the  results  of  a  critical  examina- 
tion into  the  nature  of  the  vaccine  virus.  He  comes  to  conclusions 
similar  to  those  of  Foa  (25),  namely  that  Guarnieri's  bodies,  though 
specific  for  vaccine,  are  not  the  parasites,  since  if  injured  or  destroyed  by 
the  actions  of  reagents,  such  as  salt  solution  or  trypsin,  infection  can  still 
be  carried  out  successfully  with  the  lymph.  He  denies  also  that  the 
bodies  shew  any  developmental  cycle,  and,  from  micro -chemical  and 
staining  reactions,  concludes  that  they  are  chromidia,  i.e.  extra-nuclear 
chromatin  of  the  host-cells.  In  view  of  these  conflicting  statements,  the 
nature  of  the  parasites  of  vaccine  and  variola  must  be  considered  at 
present  entirely  problematical.^ 

Coceidioides  immitis  and  C.  pyogenes  are  the  names  given  by  Rixfonl 
and  Gilchrist  to  bodies  believed  to  be  protozoa  observed  in  certain  con- 
tagious skin -diseases  (see  article  "  Psorospermosis  ").  A  description  of 
the  parasites  and  a  discussion  of  their  affinities  will  be  found  in  Bianehard 
(3).  Lymphocystis  johnstonei  Woodcock  (87),  a  parasite  of  plaice  and 
flounders,  is  interesting  on  account  of  its  resemblance  to  gregarines,  not 
known  to  occur  other\vise  in  vertebrate  hosts. 

Finally  there  remain  for  mention  the  alleged  parasites  of  cancer,  so 
often  described  under  many  forms  and  synonyms.  It  is  not  possible  within 
the  limits  of  this  article  to  give  a  detailed  account  of  the  structures  that 
have  been  identified  as  parasites  of  cancer,  or  to  discuss  the  systematic 
position  to  which  they  have  been  referred  by  different  authors.  To 
perhaps  the  majority  of  investigators  the  very  existence  of  a  cancer- 
parasite  is  extremely  dubious.  It  is  sufficient  here  merely  to  refer  to  the 
latest  identification  of  this  elusive  organism,  under  the  name  Hisio- 
sporidium  carcitwmatosumy  by  Feinberg.  This  author  has  recently 
published  a  ponderous  tome,  which  I  have  not  been  able  to  see,  and  in 
which  a  complete  life-history  of  the  parasite,  both  within  and  without  the 
human  bodv,  is  stated  to  have  been  Avorked  out. 

Class  IV. — Infusoria. — Protozoa  in  which  the  organs  of  locomotion 
are  ciliai,  and  in  which  the  nuclear  apparatus  is  differentiated  into  a 
vegetative  macronucleus  and  a  generative  micronucleus. 

The  term  Infusoria  had  originally  an  application  more  extensive  than 
its  current  use,  being  employed  to  denote  any  minute  animalcules  that 
make  their  api>earance  in  infusions,  such  as  Flagellata  or  Rotifers. 
Hence  in  moilern  works  the  class  at  present  under  consideration  is 
denoted  by  tho  term  Ciliophora,  expressive,  by  a  hybrid  etymology,  of 
the  chief  ]>eculiarity  of  the  class. 

The  Infusoria  fall  natuniUy  into  two  sulKrlasses,  the  Ciliata  and  the 
Suctoria  (Aciuetaria).  In  the  Ciliata  the  cilia  are  retained  throughout 
the  active  life  of  the  animal,  and  only  diwippear  temporarily  during  the 

'  The  niicro-or^ani>iii  of  va<*fin*'  luus  also  Ih-cii  iifiiueil  SlromJu^lcs  jenneri  by  SjobriDg  io 
a  memoir  which  I  have  uot  ^oeli  {//i/'jit'ti,  Stockholm,  u.l.  ii.  1.  1902). 
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encysted  phase.  In  the  Suctoria,  on  the  other  hand,  the  cilia  are  only 
present  in  an  early  larval  stage  of  the  life-history,  and  disappear  com- 
pletely in  the  adult  condition,  in  which  the  function  of  the  capture  of 
food  is  undertaken  hy  peculiar  suckers  and  tentacles.  Some  Suctoria 
are  endoparasites  of  other  Protozoa  during  the  larval  phase,  but  none  of 
them  are  known  as  internal  parasites  of  Metazoa.  For  further  informa> 
tion  concerning  the  Suctoria,  the  reader  is  therefore  referred  to  general 
treatises  on  Protozoa. 

The  Ciliata  exhibit  a  more  complex  type  of  organisation  and  repro- 
duction than  any  other  protozoa.  Examples  of  this  gix)up  are  among  the 
most  familiar  of  microscopic  organisms,  and  will  l)e  found  described  in 
any  elementary  text-book  of  zoology.  The  body  is  typically  ovoid  or 
]>arrel-shaped,  one  pole  being  directed  forwards  in  swimming;  in  creeping 
forms  the  body  is  flattened,  so  that  a  ventral  surface,  on  which  the 
mouth  is  situated,  can  be  distinguished  from  a  dorsal  surface.  In  fixed 
forms  the  animal  is  attached  by  the  pole  opposite  to  the  mouth,  and  the 
point  of  fixation  may  be  drawn  out  as  in  Voriicdla,  into  a  long,  contractile 
stalk,  or  the  body  may  be  sessile. 

The  characteristic  cilia  shew  variations  in  their  arrangement  which 
are  distinctive  of  the  several  orders  into  which  the  subclass  is  divided, 
and  will  be  described  below.     The  most  primitive  type  of  these  organs  is 
seen  in  the  swimming  forms,  as  minute  hair-like  extensions  of  the  sui)er- 
ficial  layer  of  the  body-protoplasm,  arranged  in  rows  to  form  a  fur-like 
covering  to  the  body,  but  the  primitive  simple  arrangement  of  the  rows  of 
cilia  becomes  modified  in  various  ways.    The  first  specialisation  of  the  ciliary 
apparatus  is  the  acquisition  of  an  adoral  or  peristomial  zone  of  larger 
cilia,  specialised  for  the  capture  of  food  by  causing  water  currents  towards 
the  mouth,  while  the  cilia  of  the  general  body-covering  remain  purely 
locomotor  in  function.     The  locomotor  cilia  may  be  reduced  in  number 
and  specialised  in  arrangement,  or  in  fixed  forms  may  be  absent  altogether. 
In  addition  to  cilia  of  the  primitive  type,  other  organs  may  be  present  which 
are  probably  derived  from  them,  such  as  the  cirri  and  the  membninellae. 
The  body  of  a  Ciliate  Infusorian  is  enclosed  by  a  cuticle  or  pellicle, 
which  may  be  very  thin,  or  may  be  greatly  thickened  to  form  a  jointed 
armour  or  larka  as  in  Coleps.     The  ])ellicle  is,  with  rare  exceptions,  inter- 
rupted at  one  point  by  a  definite  cell-mouth  or  n/stostame  for  the  ingestion 
of  food.     The  faecal  su})stances  are  rejected  by  a  pore  which  is  probably 
fko  constant  in  position,  though,  as  a  rule,  only  visible  when  in  use ;  but 
'p  some  cases  there  is  a  definite  cell-anus  or  cytopijge,  recognisable  at  all 
^'fties.     The  mouth  is  primitively  a  slit  or  pore  which  forms  a  passage 
^"'"ough  the  ectoplasm,  and  which  may  be  capable  of  being  closed,  or 
^^^^y  remain  permanently  o\yQ\\ ;  in  the  latter  case  there  may  bo  special 
^'^'^iingements  for  keeping    tiie    aperture   distended.      Tiie  mouth    may 
^^ain  at  the  surface  of  the  body,  or  may  be  carried  inwards  by  a  funnel- 
*^*iped  depression  of  the  ectoplasm,  whereby  a  vestibule  or  oesophagus  is 
^*^ed  as  a  tube  leading  to  the  time  mouth.     In  this  vestibule  arise  the 
*t^ial  adoral  differentiations  of  the  cilia  already  mentioned. 
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Internal  to  the  pellicle  the  body  is  always  di\a8ible  into  ectoplasm 
and  endoplasm,  sometimes  termed  cortex  and  medulla  in  this  class  of 
Protozoa.  The  ectoplasm,  of  which  the  pellicle  is  to  be  reckoned  as  the 
outermost  portion,  is  typically  composed  of  an  external  alveolar  layer 
and  an  internal  excretory  layer.  From  the  alveolar  layer  arise  the  cilia, 
piercing  the  pellicle  to  pass  to  the  exterior.  Below  each  row  of  cilia 
conti-actile  fibres  or  myonemcs  are  found  running  in  a  longitudinal 
direction.  In  many  Ciliata  the  alveolar  layer  also  contains  minute 
spindle-shaped  bodies  called  trichocysts,  probably  defensive  or  offensive 
in  nature,  from  which  on  stimulation  a  delicate  thread  can  be  shot  out. 
The  lower  or  excretory  layer  of  the  ectoplasm  contains  a  system  of 
channels  from  which  the  contractile  vacuoles  are  fed.  One  or  several 
contractile  vacuoles  may  be  present. 

The  endoplasm  or  medulla  is  far  more  fluid  in  nature  than  the  ecto- 
plasm, and  exhibits  movements  of  rotation  during  life.  It  lodges  the 
food-vacuoles,  granulations  of  various  kinds,  and  the  two  nuclei.  The 
macronucleus  is  a  conspicuous  structure  usually  of  compact,  more  or  less 
oval  form,  but  is  subject  to  the  greatest  jKJssible  variation,  being  single  or 
multiple,  sometimes  even  in  a  condition  of  fragmentation,  and,  when 
single,  it  may  be  drawn  out  to  be  sausage-shaped,  or  moniliform.  The 
micronucleus  is  usually  single,  occasionally,  however,  multiple,  and 
appeal's  during  the  vegetative  life  of  the  animal  as  a  minute  refringent 
body  which  stains  with  difficulty,  and  is  easily  overlooked. 

The  reproduction  of  Ciliata  takes  place  in  the  active  condition  by 
fission  or  gemmation,  and  in  the  encysted  condition  by  sporulation. 
Binary  fission  is  typically  transverse  to  the  morphologically  longitudinal 
axis  of  the  body.  It  is  preceded  by  doubling  of  the  contractile 
vacuoles,  and  division  of  the  two  nuclei.  The  micronucleus  divides 
by  a  simple  form  of  mitosis,  the  macronucleus  by  the  direct  method. 

Encystment  frequently  takes  place  in  Ciliata  as  a  protection  against 
desiccation  or  other  unfavourable  conditions.  Parasitic  forms  are  able  in 
this  manner  to  pass  out  of  the  host,  and  remain  dormant  until  taken  up 
by  a  fresh  host.  Within  the  cyst  the  animal  may  remain  without  multi- 
plication until  in  favourable  circumstances  it  is  able  to  become  free  from 
the  cyst  and  to  recommence  an  active  existence,  after  having  renewed  its 
locomotor  apparatus  temporarily  lost.  Or  the  encysted  animal  may  by  a 
process  of  multiple  fission  give  rise  to  a  number  of  minute  individuals, 
which,  inider  suitable  conditions,  are  set  free  and  develop  each  into  an 
individual  of  the  ordinary  type. 

Many  observations  and  experiments  shew  that  this  process  of  vegeta- 
tive reproduction  cannot  continue  indefinitely,  but  leads  after  a  time  to 
signs  of  senility  and  degeneration  in  the  animalcules,  requiring  a  renewal 
of  the  vital  powers  which  is  given,  apparently,  by  the  process  of  sexual 
fertilisation.  In  correlation  with  the  highly  complex  organisation  of  the 
Infusoria,  the  process  of  conjugation  is  also  extremely  complicated,  and 
subject  to  great  variation  in  detail. 

The  process  of  events  is  essentially  as  follows  in  all  cases  : — 
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(1)  Degeneration  und  ultimate  absorption  of  the  macroniicleus. 

(2)  Division  of  the  micron ucleiis  of  each  gamete  to  form  a  certain 
number  of  daughter-nuclei,  typically  four,  whicb  are  all  absorbed  except 

(3)  Division  of  the  single  remaining  daughter- micron ucleus  into 
two  pronuclei,  which  may  be  distinguished  as  the  active  and  passive 
pronuclei. 

(4)  Migration  of  the  active  pronucleus  of  each  gamete  across  into 
the  body  of  the  other  gamete,  if  the  gametes  remain  distinct,  to 
fuBB   with    the    passive    pronucleus    of    the    other    gamete.      If    the 


1  process  goes 


on  within  the  body  of  the 


ito  tuo  sister- nuclei,  one  of 
I  new  macronucleus,  taking  the 
'emams  small,   and   becomes  a 


gametes  hate  fused,  the  s 
zygote. 

(6)  Division  of  each  sjnkaryon  ir 
which  increases  rapidly  in  size  to  form  a 
place  of  the  old  one  while  the  other  t 
micron  ucleuB. 

Beproduction  lesults  therefore  in  the  complete  rcncival  of  the  nuclear 
apparatus  of  the  gametes  each  being  provided  hnally  with  a  pair  of  dis- 
aimilar  nuclei  derived  entirely  from  the  sjnkaryon.  Kach  individual  then 
starts  a  fresh  cycle  of  vegetative  activity  ind  fission  is  sometimes  so 
rapid  immediately  after  conjugation  that  its  products  arc  small  indit'iduals, 
which  grow  to  the  lu  rmal  size  of  the  species  From  the  facts  it  may  he 
inferred  that  the  macronucleus  of  Infusoria  is  vegetative  in  function, 
regulating  the  activit}  and  metabolism  of  the  individual  cell-body,  and 
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tending  in  consequence  to  become  worn  out  and  etfete  ;  but  that  the 
micronuclcus  consists  of  generative  chromatiu  held  in  reserve  for  the 
I>roceBs  of  conjugation,  after  which  it  gives  off  material  which  becomes  the 
vegetative  chromatin  of  a  fresh  cycle  of  generations,  taking  the  place  of 
that  which  had  become  effeta 

Among  the  GiliaCa  an  entozoic  habitat  is  fairly  common.  They  are 
found  chiefly  in  the  digestive  tracts  of  their  hosts,  sometimes  in  other 
internal  cavities,  but  never  as  tissue-parasites.  The  Ciliata  include  four 
orders : — 

(I)  Order  Ildotridm.  The  cilia  are  approximately  of  equal  length 
and  thickness  all  over  the  body,  without  any  special  adoral  zone  of 
enlarged  cilia. 

Familiar  examples   are  the   common   Paramecium  and  the  parasittc 


genus  Opalina  already  mentioned.  Two  species  belonging  to  this  order 
have  been  described  from  the  human  intestine,  ChUufion  denlatus  (Duj.) 
(Fig.  79)  and  Colpoila  cunillm  (mle  Giiiart  [27]). 

(2)  Order  Ili'lerolrick'i.  A  special  adoral  zone  of  larger  cilia  is  ajways 
present. 

Genera  )>elonging  to  this  order  are  found  very  commonly  occurring 
a!i  parasites  in  the  intestines  of  various  animals.  Two  genera  are 
known  which  ini'Inde  species  parasitic  in  man,  namely,  the  genera 
IJiilaiitiilhim  and  Ai/rMhfrus. 

The  genus  fliiUiniidinm  is  characterised  by  an  oval  body  with  the 
{leristome  stnrtini:  fi'om  near  the  anterior  end,  where  it  is  broadest, 
becoming  narrower  as  it  piissea  backwards  on  the  side  of  the  body ;  at 
the  opposite  pole  of  the  body  is  th>>  anus.  The  nucleus  is  compact,  oval, 
or  almost  sausjige-shapud,  with  a  single  micronuclcus  close  to  it  B.  aJi 
(Malmstrn)  occurs  commonly  in   the  rectum  of  the  pig,  occasionally  in 
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the  colon  of  man  (Fig.  80).     A  second  species,  B,  minutum  Schaudinn, 
has  also  been  described  from  man  (Fig.  81). 

The  genus  Nydotherus  has  the  body  bean-shaped,  with  the  large  peri- 
stome on  the  concave  side,  and  extending  from  the  anterior  end  to  about 
the  middle  of  the  body,  at  which  point  the  long,  curved  oesophagus  arises 
and  passes  into  the  body.  The  macronucleus  is  compact  and  oval  in  form, 
with  a  single  micronucleus  situated  close  to  it.  The  single  contractile 
vacuole  is  at  the  posterior  end  of  the  body,  close  to  a  distinct  anal  tube 
opening  at  the  posterior  pole.  Species  of  this  genus  are  found  parasitic 
in  the  cockroach  and  the  frog,  and  can  nearly  always  be  found  in  the 
digestive  tracts  of  these  animals.  A  single  species,  N,  faba  Schaud.  has 
been  described  from  the  digestive  tract  of  man  (Fig.  82). 

(3)  Order  Hi/pdricha. — Ciliata  of  creeping  habit,  with  well-marked 
dorsal  and  ventral  surfaces,  and  usually  with  cirri  in  addition  to,  or 
without,  ordinary  cilia.  The  common  StyUmychia  is  a  well-known  example 
of  this  order,  which  contains  no  forms  occurring  as  internal  parasites. 

(4)  Order  Perifricha, — Ciliata  generally  of  fixed  habit,  hence  without 
locomotor  cilia,  which,  if  present,  take  the  form  of  a  ring,  present  per- 
manently or  developed  temporarily,  near  the  aboral  end  of  the  body. 
Apart  from  this  ring  the  body  has  no  cilia  other  than  the  adoral  spiral 
zone.  The  familiar  Vortiulla  may  be  cited  as  a  characteristic  example  of 
the  order,  which  contains  no  forms  of  entozoic  habit. 

E.    A.    MiNCHIN. 
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MOSQUITOES   OR   CULICID^ 

By  Fred.  V.  Theobald,  M.A. 

Of  all  blood-sucking  insects  the  mosquitoes  are  the  most  important,  not 
only  because  their  bites  are  a  constant  source  of  annoyance  in  all  climate8» 
but  because  the  part  they  play  in  the  spread  of  certain  diseases  is  most 
inimical  to  man.  Any  mosquito  may  carry  blood  organisms  or  poisons,  and 
thus  their  bites  may  prove  not  only  irritating  but  dangerous  to  the  bitten 
person.  It  is,  however,  their  share  in  the  diffusion  of  certain  definite 
diseases  that  makes  them  of  such  vital  medical  interest.  These  insects 
not  only  carry  the  germs  of  disease,  but  constitute  the  host  in  which  the 
germs  pass  part  of  their  life-cycle,  so  that  without  the  mosquito  ihoee 
parasites  could  not  exist.  For  this  reason  the  most  exact  and  extensive 
knowledge  concerning  the  life-history,  habits,  and  structure  of  these  flies 
is  essential.  The  diseases  in  which  mosquitoes  play  a  prominent  part  are 
the  malarial  fevers,  yellow  fever,  filariasis,  dengue,  and  possibly  others. 
In  the  case  of  yellow  fever,  in  which  the  organism  is  uncertain,  it  is 
not  at  present  known  that  the  mosquito-carrier  acts  in  any  way  as  the 
host  of  the  j)arasite,  but  this  has  been  conclusively  proved  to  be  true  as 
regards  malaria  and  filariasis  by  Ross,  Grassi,  Hanson,  Bancroft,  and 
othei*8.  To  understand  and  study  the  life-histories  of  these  disease- 
producing  parasites,  a  working  knowledge  of  the  internal  anatomy  of  the 
mosquito  is  therefore  necessary. 

Only  certain  species  are  at  present  known  to  carry  definite  diseases. 
For  instance,  yellow  fever  is  carried  only  by  the  tiger  mosquito,  SUgo- 
iinjia  fiisciaia  Fabricius  ;  filarije  by  Culex  fafigans  Wiedemann,  and  possibly 
by  Myzomyia  roasii  (iiles  and  others.  On  the  other  hand,  malaria  is 
(listril)uted  by  many  species  which  all  belong  to  one  particular  group  of 
these  insects  called  Anophelinae. 

Mosquitoes  belong  to  a  family  of  Diptera  or  two-winged  flies  called 
CuLiciD.-E.  The  Culicida>  can  be  told  at  once  from  all  other  Diptera  by 
the  following  characters,  which  are  important,  since  many  other  insects, 
that  have  no  possible  bearing  on  the  diseases  spread  by  mosquitoes,  are 
often  confused  with  the  Culicidte. 

Characters  of  the  CulleldSB. — The  body  of  the  mosquito,  as  in  other 
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Hexapods  (erroneously  called  insects),  is  divided  into  three  regions : — 
(i.)  the  head,  (ii.)  the  thorax,  and  (iii.)  the  abdomen. 

The  head  has  the  mouth-parts  drawn  out  into  a  long  piercing  proboscis, 
often  as  long  as  or  even  longer  than  the  whole  Ixxiy.  The  head,  thorax, 
and  abdomen,  as  a  rule,  are  clothed  with  distinct  scales  (all  Culicines  and 
Ae<iine8),  but  these  may  only  occur  on  the  head  (AnopJieles  sen.  St.),  the 
thorax  and  abdomen  being  hairy.  The  wings  have  normally  six  longi- 
tudinal veins  (Anophelines,  Culicines,  etc.),  but  in  one  group  they  have 
seven  ( Hcptaphlebomyines) ;  all  have  two  distinct  fork-cells,  and  the  veins 
in  all  true  Culicidse  have  definite  shaped  scales  along  them ;  the  so-called 
costal  vein  — the  vein  along  the  outer  edge  of  the  wing — passes  completely 
around  the  wing  and  carries  scales,  which  form  a  more  or  less  pronounced 
fringe.  Mosquitoes  undergo  a  complete  metamorphosis,  that  is,  there 
is  an  active,  growing,  feeding  stage — the  larva;  a  non-growing,  non- 
feeding  stage — the  pupa,  during  which  stage  the  larva  is  transformed 
into  the  active,  flying,  sexual  adult  —  the  mosquito.  In  all  known 
CulicidaB  the  larval  and  pupal  stages  are  passed  in  water  or  very  damp 
mud,  and  it  is  quite  unlikely  that  any  will  be  found  to  be  other  than 
aqiiatic  in  their  immature  stages. 

The  External  Structure  of  a  Typical  Mosquito  (Fig.  85). — The 
three  main  areas,  (i.)  the  head,  (ii.)  the  thorax,  and  (iii.)  the  abdomen, 
into  which  the  mosquito  is  divided,   are  sharply  separated  from  one 
another.     The  head  varies  in  its  general  form  in  the  different  groups, 
but  can  be  reduced  to  a  simple  type.     On  each  side  there  is  a  large 
compound   eye   (Fig.    85,    D),  which   occupies   a   greater   area   in   the 
males  than  in  the  females.      The  eyes  are  frequently  of  a'  beautiful 
colour  in  life,  but  fade,  as  a  rule,  in  dried  specimens ;   there  are  no 
very  important  characters  to  be  noticed  in  these  typical  hexapod  organs. 
The  space  between  the  eyes  above  is  called  the  occiput,  and  that  between 
tbem  in  front  the  vertex ;  the  sides  of  the  head  the  genaj,  the  back  the  nape 
or  neck ;  the  front  of  the  head  between  the  eyes  is  called  the  frons,  which 
in  certain  genera  (Runchomyia)  may  project  as  a  prominence.     The  head 
IS  covered  more  or  less  completely  with  scales  and  bristles  or  chaetae.     Pro- 
jecting forward  from  the  head  is  a  blunt  process — the  clypeus  (C),     This 
^^y  be  simple  (Culex)  or  may  be  ridged  with  lateral  processes  (Quasistego- 
'^.ria,  etc.)  ;  it  may  be  nude  (Anopheles,  Culex,  etc.),  or  hairy  ( Joblotia),  or 
'^^th  scales  (Stegomyia).     The  mouth  is  prolonged  into  a  long  sucking  and 
Piercing  tube  called  the  proboscis  (A),  which  is  straight  in  most  genera 
^r-'^^lex,  Anophelines,  Stegomyia,  etc.),  or  much  curved  (Megarhinus,  Toxo- 
'^^^nchites),  or  elbowed  (Limatus).    The  proboscis  may  be  shorter  (Urano- 
J^^iia)  or  longer  (Dendromyia)  than  the  body,  and  may  be  acuminate 
'  -^^lex)  or  swollen  apically  (Uranotsenia).     The  mouth-))arts  (Fig.  83)  con- 
*r^ tilting  the  proboscis  are  as  follows : — the  labruni,  epipharynx,  or  upper 
P   (//) :  two  sharp  lancet-like  needles — the  mandibles;    two  pointed 
^Hxillae  ;  a  single  flattened  process — the  hypopharynx  (Z>) ;  and  the  large 
R^itter-shaped  lower  lip  or  labium  which  ends  in  two  jointed  processes — 
^he  labella  (E).     The  labium  is  fleshy,  covered  with  scales  outside  and 
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deeply  grooved  inside,  and  when  at  rest  the  groove  contains  the  piercing 
mouth-parts.  Closing  in  the  gi-oovo  above  is  the  labrura,  with  the  epi- 
pharynx,  with  which  it  is  fused,  as  seen  in  the  section  (Fig.  84);  this  is 
(lesply  grooved.     Beneath  it  lies  the  hypopharynx,  which  is  flat,  and  form* 


with  the  labrum  the  tube  by  which  the  blood  is  drawn  into  the  mosqmtot 
iKxly  ;  the  hypo[)harynx  is  jierforated  by  the  salivary  duct,  and  down  ihii 
tube  the  saliva  is  ejected  into  the  wound  caused  by  the  insect.  The 
mandibles  and  miixillte  are  thin,  sharp,  chitinous  rods ;  the  latter  usuaJij 
have  the  terminal  cutting-edge  serrated.  The  fleshy  kbium  act«  as  ■ 
protecting  org^n  to  these  more  delicate  mouth-parts,  all  of  which  penetnU 
the  skin  in  the  act  of  feeding,  whilst  the  labium  remains  outside,  (Jm 
piercing  organs  passing  between  the  l>ent  labella.  The  whole  Ubiiiii 
bends  on  itself  as  the  other  organs  enter  the  flesh,  and  to  some  eKt«nt 
guides  them  during  the  process.  In  the  male  the  mandibles  and  maxillB 
are  very  rudimentary,  hence  the  male  mosquitoes  do  not  bite  as  a  rale. 
There  is  considerable  modification  in  the 
A  c  B  minute  structure  of  these  mouth-parts  in  the 
different  groups. 

Closely  attached  to  the  mouth  are  the 
)>alp6  or  sensory  organs  (Fig.  83,  F,  and 
Fig.  85,  }i\  by  the  characters  of  which  the 
groups  of  Culicidie  have  in  the  past  been 
separated.  These  organs  are  composed  of 
two  or  more  segments.  In  some  instancea 
they  are  very  short  (Aedinse)  in  the  female 
and  male,  in  others  they  are  long  in  botit 
sexes  {Anopheline?,  Megarhinus),  while  in 
others  they  are  long  in  the  males  bnt  short 
shipiaV"  """  """""  """  in  the  females  (Ciilex).  They  may  he  u 
long  as  the  proboscis  in  the  females  (Ano- 
pheles), half  as  long  (UuTichomyia),  or  scarcely  perceptible  (Uranotseuis)- 
In  the  males  when  long  they  may  excel  the  proboscis  in  length  (Culei, 
Mcgarhinus,  etc.),  ami  may  l»c  acuminate  or  clubbed  (Anophelinw, 
Thcolxildia).  The  greatest  number  of  segments  seems  to  be  six.  The 
palps   vary  greatly   in  size  and  sha|>e  in  closel.v  allied  groups,  and  so 
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be  taken  as  valid  characters  of  higher  value  than  for  separating 
(Note  the  long  palps  in  the  female  Megarhinus  and  the  short 

the  closely  allied  Toxorhynchites.)     Theaw/^m^  (Fig.  83,  ^,  and 
,  V\  the  remaining  structures  to  be  noticed  on  the  head,  are  com- 
i  a  large  basal  segment  and  a  long  flagellum  made  up  of  many 
ts.      In   the  female 
inents  are  pro\^ded 
iort  hairs  arranged 
;les,    in    the    males 
itennae    are  usually 
?,     the    verticillate 
leing   long    (Culex, 
lies,  Stegomyia),  but 
lay  be    only    pilose   p.-"-« 
le  female  (Sabethes, 
)ides,       AVyeomyia, 

In  certain  genera 
al  segments  of  the 
tn  are  modified, 
eing  long  and  thin 
writes),  others  short 
ck  and  scaly  (Mega- 
;  in  one  group  the 
late  hairs  of  one 
ecome  modified  into 
ite  organ  (Lopho- 
^ia). 

}  thorax  forms  a 
irea  between  the 
md  the  abdomen, 
ijor  portion  is  com- 
f  the  mid-thorax  or 
)rax  (G),  which  at 
{  always  has  a  small 
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restricted    niece ^^^'  86.— structure  of  a  typical  mosqnito.     A,  proboacis ;  B, 

.        ^  palpus;  C,  clypeus;  D,  eye;   K,  occiput;   F,  prothoracic 

ellum(//) — present-  lobe;    (;,  mesothorax;    //,  Hcutellum  ;  /,  metathorax  ;  J, 

.  t  .  u   T  abdomen  ;  K,  fpmur ;  L,  tibia ;  M,  metatamuH ;  N^  tarsus  ; 

tne    Anopnelma}    a  0,  ungues;    P,  antenna;    Q,  wing;    R,  lialter;    N,  male 

rnnnflpH      nnafprinr  goniulia  ;  T,  basal  lobe  of  genitalia;  U,  clasper  ;  V,  vein- 

rounuea     posienoi  scales;  »',  fringe-scales;   S  and  9  ungues. 

whilst  in  the  other 

it  is  distinctly  trilobed.  The  prothorax  is  represented  by  two 
processes  called  the  prothoracic  lobes  (E).  The  hind  part  or 
)rax  (/)  is  rounded  and  placed  under  the  scutcllum ;  at  the  sides 
es  constituting  the  pleura?,  which  are,  however,  of  little  diagnostic 

All  parts  of  the  thorax  may  be  covered  with  scales ;  as  a  rule 
tathorax  is  nude  (Metanotopsilse)  (Fig.  97,  r),  but  it  may  carry 
nd  chaetse  (Metanototrichae)  (Fig.  97,  A  and  B). 

organs  of  locomotion  (wings  and  legs)  are  attached  to  the  thorax, 
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the  wings  to  the  upper  portion,  the  legs  to  the  sides  of  the  pleune. 
Culicidae,  in  oommon  with  all  Diptera,  have  two  wings  arising  from  the 
side  of  the  mesonotum  towards  its  posterior  end,  while  attached  to  the 
metathorax  at  its  base  are  the  pair  of  club-shaped  processes,  the  balancers, 
poisers,  or  halters,  which  are  remnants  of  the  second  pair  of  wings. 

The  venation  of  the  wing  is  shewn  in  JFig.  86.  The  costal  vein  runs 
around  the  whole  border  of  the  wing ;  there  are  six  longitudinal  veins  in 
all  but  the  HeptaphlobomyinsB,  in  which  there  are  seven.  Beneath  the 
upper  costal  border,  arising  from  the  root  of  the  wing,  is  the  subcostal 
vein,  which  joins  the  costal  before  the  tip  of  the  wing ;  beneath  it  comes 
the  first  longitudinal  vein,  which  ends  near  the  tip  of  the  wing.  The 
second  long  vein  arises  from  the  first,  and  ends  in  two  branches  which 
form  the  so-called  first  submarginal  cell  (the  first  fork-cell).  The  third 
long  vein  is  simple,  and  arises  at  or  near  the  junction  of  two  cross-veins, 
the  supernumerary  and  the  mid.     The  fourth  arises  from  the  base  of  the 


Fig.  80. — Wing  of  CuIrx.  I  to  6,  first  to  sixtli  longitndinal  veins  ;  5a  and  5b,  upper  and  lower  brandiM 
of  tifUi  vein ;  A^  first  submarginal  cell ;  ij,  second  posterior  cell ;  C,  subcostal  cell;  D,  marsiiul 
cell ;  £,  second  submarginal  cell ;  F,  finit  posterior  cell ;  /;,  third  posterior  cell ;  /f,  anal  cell:  I. 
auxiliary  cell ;  J,  spurious  c<^ll ;  /T,  second  basal  cell ;  2«,  first  basal  cell ;  My  costal  cell ;  u,  maxginal 
cross-vein  ;  h,  supernumerary  cross-vein  ;  c,  mid  cross-vein ;  d,  posterior  cross-vein. 

wing,  and  terminates  in  two  branches  which  form  the  second  pKMterior 
cell  (second  fork-cell).  The  fifth  also  arises  from  the  base  of  the  wing, 
and  sends  off  a  branch  about  or  shortly  after  half  its  length.  The  sixth 
and  seventh  both  arise  from  the  base  of  the  wing,  and  are  both  simple. 
The  remaining  parts  of  the  wing,  the  cell -areas,  etc.,  are  named  in 
Fig.  86. 

The  legs  are  attached  to  the  pro-,  meso-,  and  meta- thorax  rings 
on  the  lower  part  of  the  pleura?.  Rich  leg  consists  of  nine  segments. 
The  basal  one,  by  means  of  which  they  are  attached  to  the  body,  is  called 
the  coxa ;  then  follows  a  small  segment,  the  trochanter,  which  is  succeeded 
l)y  the  large  femur,  then  the  shank  or  tibia,  and  the  foot,  made  up  of  %st 
segments,  the  basal  one  of  which  is  usually  much  the  longest  and  known 
as  the  metatarsus,  the  four  remaining  jmrts  constituting  the  tarsus.  The 
femora  and  tibia;  are  often  bristly,  and  there  may  be  spines  on  all  the  parts, 
which  are  always  covered  with  either  closely  appressed  or  outstanding 
scales.  The  last  segment  ends  in  two  claws  or  ungues,  which  in  the  female 
are  always  equal ;    in  the  male  the  fore  and  the  mid  pair  are  always 
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unequal  in  size,  whilst  the  posterior  ones  are  the  same  in  size.  The 
ungues  in  the  female  may  be  simple  or  uni-serrated  (^^g.  85,  9 ),  in  the 
male  the  fore  and  mid  may  be  uni-,  bi-,  or  even  tri-serrated  (Fig.  85,  ^ ). 
The  legs  are  not  subject  to  any  marked  modifications. 

The  halters  (K)  need  scant  reference,  as  they  do  not  possess  any 
characters  of  diagnostic  value.  Koughly,  they  consist  of  a  ]>asal  swelling, 
a  narrow  stem,  and  a  swollen  cup-shaped  or  funnel-shaped  knob,  which 
is  usually  scaly. 

The  abdomen  presents  but  few  features  worthy  of  notice.  It  con- 
sists of  eight  segments,  in  the  female  terminating  in  two  lobes,  and 
in  the  male  in  distinct  genitalia,  consisting  of  basal  lobes,  claspcrs,  and 
various  prominences.  The  male  genitalia  are  useful  characters  for  sejiarat- 
ing  very  closely  allied  species.  Except  in  the  true  Anopheles  the  abdomen 
is  more  or  less  coated  with  scales,  and  may  have  lateral  tufts  of  scales  and 


Fig.  87.— fi,  broail  asymmetrical  scalt^ ;  6,  parti-coloured  scale ;  c,  Cyclolepidopteroii  scale ; '/  and  e,  bTiMul 
and  narrow-curved  scales ;  /,  spindle-shaped  scale ;  {/,  linear  scale  ;  A,  lanc(K)latf  scale  :  t,  Iiair-likn 
!*eale;  j,  Taenioiiiynchua  scale;  I:,  'spatulate  scale;  /,  heart-shaped  scale;  »i,  fi,  and  r*,  upright- 
forked  scales. 


bristles.  Each  segment  has  a  row  or  rows  of  bristles  along  iu  posterior 
border,  and  frequently  many  at  the  apex.  In  some  Megarhinina^  there 
may  be  lateral  fans  of  scales.  Usually  the  Ixxly  is  straight  (Anopheles, 
Stegomyia,  etc.),  but  it  may  be  curved  (Psorophora),  and  notched  below 
(Gualteria). 

Scales  (Fig.  87). — The  most  important  characters  by  which  mosquitoes 
can  be  grouped  and  identified  are  the  scales.  A  few  observers  have 
attempted  to  ignore  these  important  characters,  but  all  the  chief  authorities 
on  Culicidae,  such  as  Lutz,  Goeldi,  Leicester,  Grabham,  Ludlow,  Blanchard, 
Ventrillon,  Felt,  have  adopted  them.  The  scales  of  the  head  are 
usually  in  three  forms — (i.)  nfirrow-curved  scales  (Fig.  S7,  d  and  e),  (ii.) 
upright-forked  scales  (wi,  n,  o),  (iii.)  flat  or  spatulate  scales  (k) ;  in  a  few 
cases  they  may  be  (iv.)  spindle-shaped  (/),  or  (v.)  twisted  scales.  The 
scales  of  the  thorax  are  in  the  form  of  (i.)  narrow-curved  scales,  (ii.)  hair- 
like  curved  scales  (t),  (iii.)  spindle-shaped  scales,  (iv.)  flat  spatulate  scales, 
(v.)  twisted  scales.  There  are  never  upright-forked  scales  on  any  part  of 
the  thorax  or  abdomen. 
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On  the  abdoraen  the  scales  are  usually  (i.)  flat  spatulate  forms,  hue 
they  may  be  (ii.)  spindle-Bhaped  (Cellia),  (iii.)  narrow-curved  (Pyreto- 
phorus),  (iv.)  twistet)  upright  ecalea  (Mucidus). 

The  scales  of  the  wings  arc  still  more  varied,  and  are — (i.)  nairov, 
straight,  hnear  scales  (Cnlex)  {g);  (ii.)  short,  broad,  spatiilate  scales 
(Melanoconioii) ;  (iii)  broad,  straight  scales  (Tfeniorhynchus)  {j);  (iv.) 
very  broad,  flat,  asymmetrical  forms  (Mansonia)  {a) ;  (v.)  heart-shaped 
scales  (Etorleptioniyia)  (/) ;  (vi.)  long  and  short  ianceolatfi  scales  (Ano- 
pheles and  PyretophoruB)  (A),  and  many  others. 

The  scales  of  the  wing-fringe  are  in  three  series  (Pig.  85,  //'),  long  and 
Hhort  fringe  scales,  which  are  pointed,  and  small  border  ecales,  which 
vary  in  form,  some  spatulate,  others  of  Mansonia  type.  Each  vein  hw 
median  vein  scales  Hnd  lateral  scales,  which  usually  differ  in  form  (Fig. 
85,  V). 

The  Internal  Anatomy  (Fig.  88). — -The  mosquito's  alimentary  canal 


and  its  accessory  organs  (sUmiach,  sdlivaiy  glands)  are  of  paramount 
interest,  because  they  contain  the  malarial  parasites.  The  more  compli- 
cated musculai'  system  is  also  of  importance,  from  the  presence  of  the 
embryo  Filariie  in  the  thoracic  muscles. 

The  more  important  parts  of  the  internal  anatomy  can  be  easily  dis- 
sected out,  but  the  minuter  elements,  muscles  and  so  forth,  aa  well  as  the 
Filariaj  eml>eilded  in  the  thoracic  muscles,  must  be  shewn  by  serial  section*. 
The  alimentary  canal  really  starts  at  the  apex  of  the  proboscis,  the  strut 
ture  of  which  has  been  dealt  with  previously,  and  ends  at  the  terminal 
arms.  A  pumping  organ  sncks  the  blood  up  through  the  tube  formed  of 
the  labrum  and  hypopharynx.  The  hypopharynx  itself  is  perforated  by  a 
small  tube  connected  with  the  salivary  glands,  through  which  the  saliva 
is  ejected  when  the  mosquito  bites. 

The  various  mouth-parts  coalesce  behind  the  clypens ;  this  spot  in- 
dicates the  actual  vwvih. 

The  mouth  is  followed  by  the  buccal  cavity,  which  opens  into  the 
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pharynx  (Fig.  88,  A)  by  a  valvular  arrangement.  The  pharynx,  or  pump- 
ing organ,  by  which  the  mosquito  sucks  up  fluid,  extends  from  the  buccal 
cavity  through  the  head  or  near  to  the  back  of  the  head,  where  it  joins 
the  oesophagus.  It  is  tubular  at  its  commencement,  but  subsequently 
becomes  enlarged,  and  is  much  bigger  in  the  female  than  in  the  male,  and 
is  partially  chitinous.  The  cesopJiagm  (B)  is  a  very  short  tube  which  ex- 
tends from  the  pharynx  to  the  so-called  oesophageal  valve.  Eunning  from 
the  oesophagus  are  three  large  blind  sacs — food  reservoirs — one  ventral 
and  two  latero- dorsal  ((*) ;  the  large  ventral  reservoir  (M)  extends 
back  to  the  seventh  segment  when  filled  with  blood  or  vegetable  fluids. 
The  rather  wild  hypothesis  was  put  forward  by  Colonel  Giles,  I. M.S.,  that 
these  structures  are  analogous  to  the  air-sacs  of  birds.  That  they  act  as 
food  reservoirs  was  shewn  by  Dr.  Nuttall  and  Mr.  Shipley  (17).  Nor 
have  they  any  coimexion,  as  Grassi  supposed,  with  the  suctorial  organs. 

The  oesophagus  terminates  in  the  so-called  oesophageal  valve  (/>),  which 
is  evidently  homologous  with  the  proventriculus  of  other  insects.  This 
serves  as  a  valve  between  the  oesophagus  and  the  mid-gut,  and  has  a 
niiml>er  of  protuberances,  six  according  to  Dr.  Nuttall  and  Mr.  Shipley, 
nine  according  to  Grassi.  I  have  seen  four,  so  that  they  may  vary  in 
number  in  different  species  or  genera. 

The  largest  part  of  the  alimentary  canal  is  the  mid-gut  (E  to  //) 
or  ohylific  ventricle,  which  consists  of  a  straight  tube  running  from  the 
cesophageal  valve  to  the  stomach  near  the  end  of  the  body  (i.e.  about  the 
level  of  the  sixth  segment).  The  "  stomach  "  (G)  is  the  iK)sterior  dilated 
portion  of  the  mid-gut.     It  is  here  that  the  malari3.1  parasites  develop. 

The  hind-gut  l>egins  where  the  Malpighian  tubes  arise.  It  is  short 
and  slightly  flexed,  and  is  divided  by  Dr.  Nuttall  and  Mr.  Shipley  into 
three  areas — (/)  ileum,  {J)  colon,  and  (A')  rectum — and  ends  in  the 
anus.  The  ileum  is  very  short,  and  is  often  dilated  near  the  mid-gut. 
The  colon  succeeds  the  ileum  without  anv  line  of  demarcation,  whilst  the 
rectum  forms  an  oval  cavity  into  which  the  colon  suddenly  opens. 

The  rectal  space  is  much  diminished  by  the  protrusion  of  six  rectal 
caeca.  £ach  rectal  caecum  consists  of  large  cells,  modified  from  the 
ordinary  lining  cells  of  the  rectum,  and  a  bundle  of  tracheie  pass  up 
through  the  centre  of  each  ciecum,  which  is  covered  externally  with  chitin. 
Their  function  is  not  definitely  known,  but  is  probably  respinitorv. 

The  salivary  ghinds  (N)  are  of  much  interest,  because  it  is  by  their  means 
that  man  is  infected  with  the  Hiemanioebidaj,  Filariae,  and  the  yellow 
fever  parasite.  The  salivary  duct  is  not  connected  in  any  way  with  the 
•alimentary  canal,  as  Colonel  Giles  states.  The  saliva  is  ejected  by  the 
hypopharynx  via  the  canal  arched  over  by  fine  lam  el  he.  At  the  base  of 
the  hypopharynx  is  a  structure  connecting  the  common  salivary  duct  and 
the  groove.  This  is  not  a  mere  receptiicle,  but  a  jmrnp,  dependent  on  the 
action  of  powerful  voluntary  muscles.  The  common  salivary  duct  (0)  ends 
in  the  centre  of  a  chitinous  membrane  which  is  continuous  with  a  highly 
chitinous  cup  opening  into  the  hypopharynx.  The  common  duct  passes 
Ixu'k  beneath  the  valve  of  the  buccal  cavity,  where  it  divides  into  two 

VOU  II. — PT.  II  K 


I30 


SYSTEM  OF  MED  J  CINE 


ducts  of  similar  structure.  These  two  salivary  ducts  run  side  by  side 
along  the  ventral  wall  of  the  neck  into  the  thoracic  cavity ;  on  reaching 
this  region  they  diverge  and  branch  out  into  the  two  salivary  glands. 
Thus  there  is  rw  connexion,  as  has  been  erroneously  stated,  with  the 
alimentary  canal.  Eiich  gland  consists  of  three  small  blind  caeca,  which 
vary  in  position  in  different  areas,  because  the  glands  have  to  accommo- 
date themselves  to  the  position  of  the  very  powerful  thoracic  muscles 
which  propel  the  wings.  These  trilobed  salivary  glands  are  surrounded 
by  fat-bodies,  and  are  very  large  in  proportion  to  the  size  of  the  mosquito. 
The  three  lobes  of  each  salivary  gland  consist  of  acini  of  similar  structure. 
For  further  details  the  reader  is  referred  to  Dr.  Nuttall  and  Mr.  Shipley's 
paper  (17).     In  Fsorophora  each  gland  has  five  lobes. 

The  Malpighian  lubes  (F)  are  developed  in  the  larva,  and  open  at  the 
same  level  into  the  hind-gut  at  the  junction  with  the  mid-gut.  In  the 
mosquito  they  are  five  in  number,  lie  freely  bathed  in  the  fluids  of  the 
haemocoel,  and  are  richly  supplied  ^vith  tracheae.  They  are  pale  yellow 
in  colour  when  viewed  with  transmitted  or  reflected  light,  the  colour  being 
due  to  excretory  products.  That  they  are  undoubtedly  excretory  organs  is 
clear  since  uric  acid  and  other  renal  products  have  been  found  in  them 
in  addition  to  concretions.  In  most  Diptera  the  Malpighian  tubules  are 
four  in  number,  but  in  all  Culicidae  so  far  examined  (Culex,  Anopheles, 
and  Aedes)  they  are  five. 

Genital  Organs, — The  female  genital  organs  consist  of  a  pair  of  ovaries 
opening  into  a  common  duct  by  the  ovarian  tubules.  Into  the  common 
tube  opens  a  mucous  gland  and  also  by  a  very  long  thin  duct  the  spermir 
thecae  or  chitinous  sacs  which  store  up,  as  usual,  the  spermatozoa. 

The  male  genital  organs  consist  of  two  testes  united  by  vasa  deferentia 
to  the  ejaculatory  duct.     To  each  vas  deferens  is  attached  a  short  sac,  the 

receptaculum  seminis  or  vesi- 
cula  seminalis.  The  penis  is 
soft  and  fleshy,  and  is  placed 
between  two  internal  claspers, 
etc.,  and  on  each  side  of 
these  are  large  external 
claspers  which  are  structurally 
of  much  diagnostic  value.  The 
spermatozoa  are  round  in 
form,  with  a  flagellum. 

The    ova    (Fig.    89)    of 
mosquitoes  are,  like  the  adults, 
very   varied  in    form    in   the 
Fir..  s<> -cuiicinp  ova    '»•  ova  of  .^"r.rM^nc^on,« : ',  a^^^^      diffiercnt   geucra.      Some  are 

o^  *  hr\^socon*yJ^s  fmvnn;  ii,o\  f.  fa.tnolatus ;  e  and/.  "  n     i  / 

of  ti/Vt;  ;;,  of  Anopheles:  h,  of  .sf/'j/omi/'V' :  i,  of  laid  in  masscs  callcd  egg-raits 

■  ""*""'"  (^f)^  the  eggs  being  placed  side 

by  side  in  their  long  axis  (Culex,  Scutoni\^ia),  others  are  laid  in  long 

ribbons    (Treniorhynchus)  {r  and  d),  yet   others  separately  (Stegomyia, 

Mansonia,  Janthinosoma)  (//,   I,  a).      Their  form   difii?rs  widely  in  the 
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varioiu  genera.  In  Culex  they  ai-e  bottle-shaped,  in  Mimsonia  the  neck 
U  long,  in  Stegomyia  they  are  oval,  and  in  Anopbelinse  oval  v'ith  distinct 
lalcrat  floats.  Thoee  in  each  group  may  be  told  by  minor  structural  dilTer- 
mxi.  In  the  malarial  Anophclinai  the  sculpture  and  form  of  the  floats  are 
moii  useful  for  purposes  of  differentiation.  In  most  cases  the  ova  arc  laid 
k  ibe  female  on  water  (Culex,  Anopheles,  Jantbinosoma),  bnt  they  may 
H«  laid  on  damp  mud  (Grabhamia),  or  on  leaves  (Dfitdromyui  smilhii).  The 
length  of  time  the  eggs  take  to  incubate  varies  in  different  Bpccies  and  at 
ilitcrent  times.  In  CuUx  pipiena  they  will  give  rise  to  larvie  in  from 
fair  to  six  days  after  deposition,  in  C.  faiigans  in  two  or  thi'ee  days ;  in 
Mfgsrhinus  they  take  much  longer,  and  also  in  Grabhamia  if,  as  often 
happens,  they  are  placed  on  mud.  In  Stegomyia  the  eggs  can  withstand 
prolonged  desiccation.  Some  I  received  hy  the  courtesy  of  Dr.  Fiiilay 
from  Cuba  remained  two  months  after  arrival  in  a  test-tube  and  then 
hjMhwi  (-20,  vol.  iii.  p.  6). 

Tlie  larvEB  fall  into  two  markedly  separate  groups  which  we  may 
ilMLgnate  as  Siphonate  and  Asiphonate.  The  latter  are  always  those  iif 
ibe  Anophcliiue.  All  Culicid  larva;  are  aquatic  throughout  the  whole  of 
tbsir  existence.  They  not  only  occur  in  fresh  water  but  in  aea-wator, 
Dr,  Bancroft  having  found  several  {MitcidrLf  alternans  Westwood,  CtiUr 
i^rxitK  Theobald)  which  breed  freely  in  salt  water,  and  some  have  been 
found  in  damp  mud.  Praciicallj'  all  kinds  of  collections  of  water  are 
wceptable  to  the  larva :  some  prefer  rain-water  liarrels,  cisterns,  and  the 
MMr  in  tins,  calalwshes,  and  jam-pots;  othei-s  ponds,  slow-runmng 
stnams.  and  along  the  lianks  of  large  rivers  ;  others  lii-e  in  the  water 
(iilleitwl  in  bromelias  (Lutz),  and  in  the  water  that  collects  in  hollow 
lamboog,  gaining  their  entrance  through  exit  holes  left  by  borini"  insects 
'Leicester).  Others  live 
ii  [litcher- plants  (Nepen- 
'K  etc.).  The  domestic 
forms  which  arc  best 
tnown  usually  choose 
Inmls  anil  cisterns.  The 
importance  of  the  sylvan 
*P«i«s  is,  however,  just 
*!  ffent,  as  it  is  by  means 
•i  these-  that  fever  is 
'^ntrarte^l  in  the  jungle 
^  «ell  as  in  the  habita- 
'i'Jns  of  man. 

The  typical  form  of 
'iphotiate  larvse  is  best 
•feri  in  (jiilex  (Fig.  90).  ....--..—..=  »....--„. >„.■..„;..,,,„>,„. 

Theheail  is  provided  with  dorsid  and  other  cbitimms  plates,  and  is  either 
loumled  ur  irregular  in  form ;  there  are  usually  a  jjiiir  of  comjHiund  iiyes  and 
•^slli.  The  appenfbkges  are  in  llu!  form  of  two  short  antenniic,  mandibles, 
"■Willie,  a  distinct  clypeiis,  and  numerous  sensitive  hairs.      The  thorax  is 
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usually  large,  and  carries  on  each  side  bunches  of  bristles  of  varied  form, 
and  others  dorsally.  The  abdomen  is  composed  of  nine  segments,  the 
eif^hth  bearing  on  its  dorsal  surface  the  respiratory  siphon  or  air-tube. 
The  siphon  varies  in  length  and  form  in  different  genera :  in  Culex  it  ii 
long,  in  Grabhamia  and  Stegomyia  short  and  thick,  in  Melanoconion  verj' 
long  and  thin,  in  Tseniorhynchus  it  is  thick  at  the  base,  much  contracted 
apically,  etc.  It  also  varies  in  form  at  different  stages  of  growth.  The 
siphon  has  on  it  a  series  of  spines  called  the  "comb";  the  form  and 
number  of  these  "  comb  "  spines  distinguish  the  different  species  of  lar™ 
together  with  the  number  and  form  of  the  spines  seen  in  the  basal  comb 
on  the  eighth  segment.  The  ninth  segment  is  short,  and  bears  the  uiai 
as  well  as  four  variously  formed  plates,  which  contain  air-tubes,  and  alM 
numerous  bristles  with  a  definite  arrangement.  The  anterior  segmeuti 
bear  simple  and  branched  lateral  and  dorsal  liairs. 

Asiphonate  (Fig.  91)  larvE  all  belong  to  the  section  Anophelinte,  tin 
only  group  so  far  that  has  been  shewn  to  have  any  relation  with  malarial 
fevers.     The  typical  Anophelete  larva  may  be  taken  in  An<^heUs  maaA 
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penim  Meigen,  not  only  )>ocause  it  is  the  type  of  the  genus  Anopheles,  bat 
because  it  is  the  only  one  so  far  satisfactorily  figured.  The  asiphonaU 
larva,  like  the  preceding  siphonate  form,  has  the  body  divided  into  head, 
tliorax,  and  abdomen  ;  the  hea<l  is  relatively  smaller  than  in  the  siphouU 
forms  ;  the  thoi-ax  shews  no  signs  of  segmentation,  and  the  abdomea 
consists  of  nine  segments — the  eighth  is  devoiil  of  the  i-espiratory  sipboo 
seen  in  Culex,  Stegomyia,  etc.  On  the  fore  border  of  the  bead  of  the 
asiphonate  Anophcline  hirva  are  four  cha?tii!  which  present  cerlaii 
peculiarities.  These  so-called  "frontal  haii-s "  (Fig.  92,  F)  hive  beea 
erroneously  regarded  as  of  sjiecitic  importjince,  but,  as  shewn  by  Dr. 
Niitlall  and  .Mr.  Shipley's  accurate  illustrations  (IG),  the  frontal  bain 
arc  ditlcri>nt  in  various  stages  of  the  larva  of  Aiwpheles  iitaculipeiuot. 
Uidess  the  oxitct  age  of  a  larva  is  known,  it  is  unsafe  to  attempt  to 
detenuiiLC  the  species  hy  these  structures,  for  they  vary  in  diffeTent 
Ktiiges  ;  any  work  liased  on  such  olisertations  must  therefore  only  be 
acccpteil  tentatively  until  years  of  experiment  shew  larvte  figured  at 
ea<.'h  uioult.  The  strucHirc  uf  the  antennje  api>arently  varies  in  bin 
manner  according  to  age. 

The  aduU  larvie  have  many  branciied  or  jjlumosc  hairs  on  the  thorax; 
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these  are  usually  fewer  and  simpler  in  the  young  form,  or  a  few  only  are 

plumose.     The  thorax  is  usually  very  much  broader  than  the  head  or 

abdomen,  and  more  so  in  the  adult  than  in  the  younger  stages.     The 

abdomen  is  composed  of  nine  segments,  more  or  less  deeply  constricted. 

As  a  rule  the  fii-st  three  in  the  adult  larvae  bear  plumose  setae,  whilst  in 

the  young  they  are  simple;  the  remaining  segments  have  long  simple 

setae,  whilst  all  have  small  branched  ones   in  the  adult  and  not  in  the 

young  forms.     Peculiar  structures  are  found  on  the  dorsum  of  some  of  the 

segments  in  the  form  of  the  so-called  "  palmate  hairs  "  (Fig.  92,  V).    These 

are  i)aired,  and  are  composed  of  a  short  stem  and  foliate  rays  spreading 

out  in  a  star-like  manner.     Thev  ditfer  in  number  and  form  in  different 

species,  and  these  again  are  not  noticeable  in  the  young  larvje.     On  the 

eighth  segment  are  placed  the  two  respiratory  openings,  which  are  but 

slightly  raised  above  the  body  surface,  no  trace  of  a  siphon  as  seen   in 

Culex  being  present.     The  last  segment  has  four  small  anal  gill-plates, 

dorsal  plumose  and  branched  hairs,  and  a  prominent  ventral  pair  of  long 

branched  set«. 

The  characters  of  specific  value  are  the  frontal  hairs  and  palmate  hairs, 


Y'A\,  'xl.-\. 


larval  se^ient ;  /'.  palmate  liaiis.     II.  Head  shewing'  V.  frontal  hairs,  and  A^  antenna. 

i*artly  after  Xuttall  and  Shipley. 


but  the  student  is  warned  to  tiike  these  characters  with  great  caution, 
because  of  their  variability  in  different  stiiges  and  the  similarity  of  different 
species  in  the  different  periods  of  growth. 

Larval  Anophelines  mainly  prefer  natural  collections  of  water,  but  they 
may  be  found  in  rain-barrels,  etc.  {A.  marulipennis).  Their  colour  is  usually 
grey,  pale  brown,  diUl  gieen,  or  mottled  grey  and  brown.  The  heiul  has 
frequent  characteristic  marks  on  the  occiput.  The  position  of  Anopheline 
lan'ie  in  the  water  is  usually  nearly  parallel  to  the  surface  when  they  are 
respiring,  the  air-holes  on  the  eighth  segment  and  the  palmate  hairs  being 
at  the  level  of  the  surface  film.  This  is  contrary  to  what  we  find  in  most 
Culicines,  which  hang  more  or  less  head  downwards,  whilst  the  long  or 
thick  siphon  is  touching  the  surface  film.  In  a  few  Culicines — Grahhaiina 
jnniaicfiisis  Theobald,  for  instance — the  larva  lies  nearly  parallel  with 
the  surface,  as  in  the  Anophelines,  in  spite  of  its  rather  long  siphon. 

Most  Anopheline  larvae  live  but  a  short  time ;  a  few,  however,  live 
many  months,  such  as  those  of  ylnophelrs  h'ifurcaius  Linn.,  which  pass  all 
the  winter  in  Europe  in  the  larval  stage.  The  larvae  of  Culicidae  are 
frequently  known  as  "  wrigglers." 

The  next  stage  is,  as  in  all  other  insects,  called  the  pupal  stage. 
The  pupSB,  although  they  take  no  more  nourishment  than  the  pupai  of 
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biiturrflieri  or  moths,  are  nevertheless  active,  wriggling  alioui  in  a  series  i^ 
s  jerky  movements  in   the   water,  and  constantly  coming  to  the 
I  bi-eathe.     Although   the   jiupie  do  not  present  such  marked 
iind  specific   cburacters    as    the    larvie,    there   arc    very    varied 
~'  in  points  of  difference   may  be  detecteJ 

in  the  air-tiibea  and  the  anal  fins.  The 
typical  pupa  (Fig.  93)  has  a  hirge  heftd 
and  thorax,  and  a  long  thin  curved 
abdomen  ending  in  two  anal  platn. 
The  head  is  folded  down  upon  the 
thorax,  and  bears  two  very  large  and 
conspicuous  black  eyes.  The  thorai 
bears  the  outline  of  legs  and  wings,  and 
on  its  dorsal  surface  a  pair  of  trumpet- 
shaped  bodies,  the  respiratoty  siphons. 
Thus  in  the  pupa  the  respiratorf 
organs  open  on  the  thorax  instead  of  oa 
Nutiaiini.rish'i|>iey,  thc   nbdomiual  surface  as  seen  in  Cbe 

larva,  and  are  double  instead  of  single. 
The  nine-segmented  alxlomeri  ends  in  two  broad  anal  plates,  which  vary 
in  form  in  the  different  groups,  but  all  have  a  central  rib.  Hm 
thoracic  siphons  vary  in  the  different  groups:  in  true  Culex  they  are 
iiari-ow  and  cylindrical,  in  most  Anopheletes  they  are  broadly  funnel- 
sliiiped,  in  the  Mansonixs  they  ar'e  irregularly  curved,  in  Limatiis  th^ 
are  very  small  and  thin.  When  the  pupa  wishes  to  breathe  it  comes  to 
the  surface  like  the  larva,  and  the  two  siphons  come  in  contact  with  lbs 
surface  film  and  take  in  air. 

The  duration  of  pupal  life  in  a  mosquito  is  usually  very  short,  in  some 
cases  less  than  forty -eight  hours,  but  it  may  Ijc  as  long  as  ten  or  twehe 
days.  The  efl'ect  of  heat  on  the  rate  of  pupal  development  is  ver)' 
mai-ked,  much  more  so  than  on  tlie  larva'. 

Pupai  are  usually  brown  or  green  in  colour;  some  few  show  dull 
reildish  hues. 

Hatching  of  the  Pupie. — ^^■hc■n  the  piipie  are  ready  to  hatch,  they  riee 
to  the  surface  of  thc  water  anil  straighten  themselves  out.  The  shell  or 
akin  then  splits  over  the  thoiiix,  and  the  adult  gradually  withdraws  in 
body  from  the  pupal  case.  They  rest  for  some  little  time  on  the  skin, 
which  forms,  -us  it  were,  a  raft,  until  their  integument  and  wings  have 
hardencil.  The  time  of  emergence  varies  in  the  different  mosquitoes: 
some  mainly  emerge  in  the  cjvrly  mornings,  othei"s  at  midday.  Veiy 
large  numliers  of  imagines  get  dpstroved  dcii'ing  emei'gencc  ;  the  least 
wind  will  upset  the  frail  cnift  they  are  settle<l  on,  and  they  fall  into  the 
water  before  their  wings  ai'c  sufficiently  dry  to  enable  them  to  fly. 

Natural  Enemies  of  Mosquito  Larvse  and  Pupse. — The  natural  enemies 
of  mosquitoes  living  in  small  artificial  collections  of  water  are  very  few,  hnt 
in  larger  and  natural  masses  of  water  they  have  many  enemies.  Chief 
amongst  these  are  fish  and  certain  aquatic  insects.      In  addition,  the 
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mosquito  larvae  and  pupae  are  preyed  upon  by  a  parasitic  worm,  a  sj>ecies 
of  Memiis,  which  according  to  Leuckart  may  have  been  a  not  unimportant 
factor  in  destroying  mosquitoes  near  Leipzic.  A  certain  number  of 
Sporozoa  seem  also  to  be  parasitic  on  the  young  stages,  but  none  of  them 
do  any  real  good  in  lessening  their  numbers.  A  species  of  tick  (Ixodc), 
so  far  undescribed,  exists  in  its  immature  stage  on  mosquito  larvae,  and 
develops  into  the  adult  on  the  mature  fly.  This  tick  is  a  small  red 
cherry-like  body  frequently  to  be  seen  on  certain  mosquitoes,  especially 
Anophelines.  These  larvae  were  first  shewn  me  some  3'ears  ago  by  Dr. 
Cropper,  and  the  adult  ticks  were  first  pointed  out  to  me  by  Dr.  Balfour 
in  Anophelines  from  the  Sudan.  By  far  the  most  important  enemies 
are  certain  kinds  of  fish.  Minnows,  especially  of  the  genus  Fundulus  and 
Gambusia,  feed  ravenously  on  them,  and  sticklebacks  (Gasterosteus,  etc.), 
carp,  and  numerous  other  kinds,  help  to  keep  these  pests  down ;  on  the 
other  hand,  some  fish  and  mosquito  larvae  live  comfortably  side  by 
side  in  the  rice -fields  of  India.  Certain  species  of  fish,  however,  are 
undoubtedly  of  great  benefit.  The  predaceous  larvae  of  the  dragon  flies 
(Odonata)  and  water  beetles  (HydrophilidaB)  devour  the  larvae  and  pupa^ 
very  rapidly.  The  adult  mosquitoes  are  preyed  upon  by  dragon-flies, 
insectivorous  and  many  night-flying  birds,  such  as  night-hawks,  and  by 
l>ats  in  all  parts  of  the  world,  but  mosquitoes  multiply  so  rapidly,  and 
their  numbers  are  so  immense,  that  their  prevalence  is  only  slightly 
restricted  by  natural  enemies.  In  certain  seasons  great  numbers  of  the 
adults  are  killed  by  a  fungus  similar  to  that  which  attacks  the  house-fly. 
This  fungus,  known  as  Empiisii  culicis  Braun,  is  common  to  the  United 
States  and  Europe.  The  mosquito  is  found  attached  to  leaves,  stones, 
sides  of  barrels,  etc.,  by  threads  which  proceed  from  the  mycelium 
infecting  its  body.  In  a  district  in  Britain,  known  to  me,  both  ArK/pheles 
mandipennis  and  Culex  pijnriis  were  practically  exterminated  by  this 
fungus. 

Habits  of  Adult  Mosquitoes. — Most  mosquitoes  arc  nocturnal  feeders, 
but  it  is  too  often  forgotten  that  some  are  not,  and  that  mere  protection 
of  the  mosquito-net  at  night  is  not  an  infallible  preventive  of  malaria 
or  of  yellow  fever.  Many  Anopheles  commence  to  bite  some  time  before 
sunset,  and  I  have  even  known  Anopheles  bifurcatus  bite  in  the  middle 
of  a  summer's  day.  The  yellow-fever  carrier  (Stegomyia  fasciata)  bites 
roost  viciously  between  the  hours  of  1  and  3  P.M.,  but  may  do  so  also  at 
night  or  at  any  other  time.  That  Anophelines  h«'ive  this  habit  in  the 
tropics  is  clear  from  Sir  William  Macgregor's  statement :  "I  first  saw 
Anopheles  on  the  afternoon  of  the  first  diiy  we  visited  the  West  Coast 
of  British  New  Guinea.  We  had  all  sufficient  experience  of  it  l)efore 
night,  for  it  is  not  the  case  that  Anopheles  bites  only  at  night,  nor  that 
its  puncture  is  always  painless." 

The  majority  of  dingy  -  coloured  species  (Anophelines,  Culex, 
Melanoconion,  etc.),  however,  undoubtedly  prefer  night  for  feeding. 
During  the  day  they  hide  away  amongst  shrubs  and  bushes,  in  clark 
corners  of  native  huts,  tents,  and  houses.     Certain  species  shew  a  decided 
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preference  for  settling  on  dark  objects,  and  dark  clothing  undoubtedly 
attracts  them.  This  is  especially  noticeable  as  regards  Sfegomyia 
fasciata.  Many  of  the  brilliant  kinds,  such  jis  the  Megarhinin* 
and  Sabetinae,  are  day -fliers,  and  delight  in  the  brightest  sunshine. 
Certain  species  shew  a  decided  preference  for  houses  and  huts,  others  are 
purely  sylvan.  The  domestic  or  household  Culicidse,  such  as  Culexpipiens 
Lirm.,  Culex  fatlgans  Wied.,  Stegomijia fasciata  Fabr.,  seldom  occur  far  from 
habitations.  That  they  may  do  so,  however,  was  shewn  by  Dr.  Bancroft, 
who  found  the  latter  a  long  way  from  any  dwellings  in  the  Queens- 
land scrub.  Conversely,  the  sylvan  species  may  invade  houses  in  the 
tropics.  According  to  Dr.  Daniels,  habitations  built  in  small  clearings 
are  not  much  infested  with  sylvan  mosquitoes.  On  the  other  hand,  in 
larger  clearings,  in  which  small  towns,  villages,  mining  quarters,  etc.,  are 
built,  with  little  or  no  jungle  close  to  the  houses,  sylvan  mosquitoes  are 
found  in  abundance,  and  breed  in  bath-tubs,  water-barrels  within  and 
outside  the  buildings.  The  best  example  of  this  is  Stegomyia  scutellaris 
Walker,  which  may  become  domesticated  in  large  numbers.  Certain 
species  are  limited  to  the  littoral  {C.  cancer  Theobald),  where  they  breed 
in  crab-holes,  and  are  never  found  far  inland. 

The  distance  these  insects  fly  is  not  definitely  known,  but  it  ia 
assumed  that  they  do  not  journey  very  far.  A  mile  probably  would  he 
an  approximate  limit.  As  a  rule  during  boisterous  weather  they  seek 
shelter,  so  that  it  is  not  very  likely  that  wind  acts  to  any  extent  as  a 
<listributing  agent. 

When  at  rest  difterent  species  assume  different  positions.  In  mo«t 
cases  an  Anopheline  at  rest  can  be  recognised  by  its  general  resemblance 
to  a  thorn  stuck  in  the  ceiling  or  wall,  the  proboscis  and  body  being  much 
in  one  line,  whilst  in  Culicines  there  is  an  angle  formed  betweea 
proboscis,  head,  thorax,  and  the  abdomen  giving  a  hunchbacked  appear- 
ance ;  in  both  the  hind  legs  are  free  from  the  resting  surface.  This 
rule  is  not  absolute,  however,  for  according  to  Col.  Giles  one  Anopheline 
(Myzomyia  culinfaciei^)  rests  in  a  similar  j)osition  to  Culex.  But  it  servea 
as  a  rough  means  of  deciding  between  a  possible  malarial  and  non-malarial 
specios. 

The  distribution  of  mosquitoes  may  l^e  said  to  be  world-wide.  Thej 
occur  in  vast  numbers  in  the  arctic  regions  as  well  as  in  the  tropics.  If 
anything,  they  swarm  in  greater  numbers  in  tropical  countries,  especially 
in  Africa,  than  in  subtropical  and  arctic  regions.  The  temperate  zone 
seems  most  free  from  their  ravages.  South  Ameiica  is  particularly  rich 
in  species  belonging  to  the  Acdinse,  and  poor  in  Anophelinse.  *  India  and 
Asia  generally,  and  Africa,  on  the  other  hand,  have  a  large  number  of 
Ano})helina^.  Culex  is  a  world-wide  genus,  occurring  from  the  arctic 
regions  to  the  equator.  Tlie  Mansonias  occur  only  in  warm  climates, 
notably  Central  Africa,  Asia,  and  South  America  ;  Grabhamias  in  most 
abuiulance  in  Europe  and  North  Amei'ica ;  the  genus  Stegomyia 
(stni.  St.)  between  40'  X.  and  S.  of  the  ecjuator.  A  few  genera  are 
confined  to  certain   countries  :  for  instance,  Psorophora  does   not  occur 
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utside  the  Americas ;  Sabethes  is  limited  to  the  South  American 
^ntinent ;  Haemagogus  to  South  America  and  the  West  Indies.  Very 
3w  genera  occur  in  temperate  climates ;  the  typical  temperate  genera 
re  Anopheles,  Theobaldia,  Culex,  Grabhamia,  and  Aedes.  Both  the 
3nner  occur  elsewhere,  especially  in  the  hill  districts  of  warm  climates, 
uch  as  Anophd^  gigas  Giles,  A.  lindsayii  Giles,  lluohaldki  gla}thi/iopt€ra 
»chiner,  in  the  hill  districts  of  India.  Altitude  is  no  safeguard  against 
Qosquitoes,  for  they  swarm  at  13,000  feet  in  the  Himalayas,  and  are 
ust  as  annoying  as  at  the  sea-level  in  Scandinavia. 

There  is  no  doubt  that  they  occur  in  greatest  abundance  in  damp, 
iiarshy  places  and  along  river-courses  and  the  borders  of  large  lakes,  but 
hey  also  breed  in  numbers  in  almost  bare  rocky  spots,  using  the  small 
collections  of  rain  -  water  such  as  collect  in  the  hollows  of  granite 
boulders. 

The  distribution  of  certain  species  is  very  wide.     These  all  prove  to  be 

domestic  mosquitoes.       The  two  with  the  widest  distribution  are  the 

yellow-fever  carriev  (St^gomyia  fasciata)  and  the  common  brown  household 

mosquito  {Culex  fntigaiis).      The  yellow-fever  carrier  occurs  in  greatest 

abundance  in   Central   America,  in   Northern   South   America,  and   the 

AVest  Indies,  but  it  is  found  in  great  numbers  in  North  America,  it  is 

iound  in   India,  is  very  abundant   in  Australia,  in  Africa  it  occurs   in 

many  parts  both  in  the  north  and  south,  and  seems  to  be  making  its  way 

steadily  up  the  Nile.     In  Malaya  it  occurs  in  many  of  the  ports,  and 

this  is  true  for  many  other  countries   where  it  is  not  present  inland. 

It  is  present  in  most  oceanic  islands  as  one  of  the  typical  mosquitoes.     It 

comes  well  into  Southern  Europe,  but  I  do  not  think  it  will  ever  become 

Qomesticated   in  Britain  or  any   pirt   of  Northern   Phu'ope.     We  may 

expect  it  to  occur  anywhere  between  40^^  N.  and  S.  of  the  equator. 

L'ulex  fatigans  Wiedemann  has  a  very  similar  distribution,  and  seems 
*n  many  places  to  live  side  by  side  with  the  Stegomyia,  but  I  have  not  yet 
^n  specimens  from  Europe ;  probably  it  occurs  in  the  southern  regions, 
*^t  has  been  confused  with  the  Culex  pipiens  Linnanis,  a  closely  related 
*P^cies.  The  gradual  spread  of  this  brown  mosquito  has  been  noticed  in 
^^strjilia  farther  and  farther  inland  by  Skuse,  who  supposed  it  to  be  a 
^•"Uiety  of  Culex  ciliaris,  a  synonym  of  Culex  2>ipiens. 

Many  other  species  have  a  wide  distribution  ;  for  instance,  the  quaint 
'ittle  Aedfnmyia  squamipenna  of  Arribalzaga,  which  occurs  in  South 
f^^erica  and  the  West  Indies,  in  the  Malay  Peninsula,  in  India,  the 
*^t  Indies,  and  has  recently  made  itself  known  in  the  Sudan. 

The  spotted -winged  Culicine  Throhddia  annulata  Meigen  occurs  in 
f^^irope  and  North  America ;  the  related  Tlwobaldia  spatlnjKilpis  Kondani 
||?  Southern  Europe,  the  Mediterranean  Islands,  Madeira,  Algeria,  Cairo, 
'Khartoum,  and  the  Cape.  The  Theohaldia  glaphi/roptrra  Schiner  has 
^^cently  been  sent  me  from  the  Himalayas,  otherwise  it  is  only  known  in 
Wope.  Many  of  our  European  species  occur  in  North  America  (Culex 
^ihtaus  Meigen,  Cidex  nigripes  Zettcrst^nlt  (called  C  impigrr  Walker  in 
Imerica,  etc.).      In  fact,  so  erratic  is  the  distribution  of  these  insects  that 
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we  may  expect  them  to  appear  in  almost  any  part  of  the  globe,  and  far 
from  the  original  home  of  the  described  specimens.  There  are  two  ways 
in  which  these  strange  points  in  distribution  can  ])e  explained  :  first,  that 
so  far  but  little  is  known  of  the  Culicidae,  and  that  the  species  in  question 
may  exist  in  the  intervening  areas.  It  is  doubtful  if  this  will  expkin 
most  of  the  cases.  The  countries  where  many  such  instances  occur  have 
been  very  thoroughly  investigated,  and  it  seems  most  improbable  that 
such  well-known  insects  as  CxiJe.r  cantans  and  TheohaJdia  spathipalpis 
have  been  overlooked  where  many  collectors  have  been  at  work.  The 
glacial  period  may  explain  a  few  such  ca.ses  ;  for  example,  the  presence  of 
northern  forms  in  isolated  hill  regions,  as  Culex  cantans  in  the  Ghats 
and  Culex  nigripes  in  the  Himalayas.  But  there  is  no  doubt  that  arti- 
ficial distribution  will  explain  most  of  these  phenomena. 

The  ArtifirAal  Dktrihntion  of  Mos(/uiU)es. — Mosquitoes  that  are  more  or 
less  domesticated,  such  as  those  just  referred  to,  are  undoubtedly  dis- 
tributed over  the  globe  by  artificial   means.      Mosquitoes    are    carried 
iicross  the  sea  by  ships  in  two  ways :  by  the  adults  being  carried  in  a 
dormant  condition,  and  by  means  of  the  larvae   living  in   ships'  tanks. 
The  danger  of  this  means  of  transit  is  very  great  under  favourable  con- 
ditions.    Infected  mosquitoes  may  leave  a  yellow-fever  port  and  may 
fly  off  to  another  port  when  the  ship  is  unloading  and  carry  the  fever 
with  it,  as  well  as  form  a  nucleus  of  a  colony  of  mosquitoes  previously 
unknown  in  the  port.     We  may  note  here  that  in  MalRy  Stegomyia  fasciaia 
at   present  only   occurs   in    the   ports.      Water  transit  will  carry  them 
still  farther  inland.     It  is  well  known  that  they  are  carried  up  rivers,  and 
thus  farther  and  farther  inland,  by  steamers.     Transit  by  means  of  boats 
is  thus  very  import^int,  and  also  explains  the  wide  distribution  of   Cvkx 
fatujans  and  of   Theohaldia  spdthipaljns  in   recent   times.       There   is   no 
doubt  that  the  latter,  which  occurs  in  privies  and  houses,  has  made  its  way 
to  the  Canaries  and  then  to  the  Cape,  and  similarly  by  steamer  to  Egypt 
It  was  certainly  in  this  way  that  Culex  fatigans  reached  Australia.      Having 
crossed  large  tracts  of  ocean  by  means  of  steamers,  they  are  not  content 
to  stay  at  their  port  of  landing.      Culex  fatigans  has  spread  inland  in 
Australia,  following  the  advance  of  the  railways.      It  is  quite  as  common 
to  find  these  Hies  on  the  train  as  on  board  ship.     Artificial,  not  natural, 
means  of  distribution  explain  the  erratic  distribution  of  these  insects  ;  for 
it  is  only  the  domestic  species  that  are  so  widely  spread  over  the  globe. 
Certiiin  factors  regulate  this  distribution.     Stegomyia  fasriata  might  come 
to  Britain.      It  would  not  live  here,  but  if  it  landed  at  Lisbon  or  Naples 
it  would.     The  distribution  of  each  species  is  limited  ;  tropical  and  sub- 
tropical species  will  not  live  in  Northern  Europe,  but  Southern  European 
species  will   live  in   warm  places.      These  means  of   transit  cannot  be 
neglected  in  the  light  of  our  knoM'ledge  that  infection  may  be  carried 
by   the   insects   under    certain    conditions    and   within    certain   climatic 
limits. 

Nature  also  spreads  these  insects.     Larviu  get  carried  down  by  the 
stream  of  rivers,  and  wind  blows  the  adults  now  and  again  some  distance. 
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aud  eggs  get  washed  still  farther  by  running  waters,  but  these  factors  are 
only  active  within  comparatively  small  are^is. 

The  Food  of  Mosquitoes. — There  is  no  doubt  that  the  majority  of 
mosquitoes  never  taste  human  blood,  and  it  is  certain  that  but  few  take 
vertebrate  blood.  Certain  species,  however,  are  blood-suckers.  The 
(irabhamias  and  Stegomyias  are  particularly  so,  and  also  Mansonias. 
Many  Anophelines  are  also  very  blood-thirsty,  and  the  same  may  be  said  of 
the  Uranotaenias,  Dendromyias,  and  certain  species  of  Culex  and  Culicada. 
The  majority  feed  upon  vegetal  juices ;  I  have  frequently  seen  Culicids, 
both  males  and  females,  on  Composita)  sucking  the  juices.  Recently  the 
spotted -winged  Anopheles  {A.  TruicuUpemiis  Meigen)  have  been  found 
feeding  and  gorging  themselves  on  the  nectar  from  ivy  blossom.  Pro- 
fessor Ronald  Ross,  Dr.  Bancroft,  and  others  have  frequently  pointed 
out  that  they  feed  on  bananas,  and  that  they  may  bo  kept  alive  by 
feeding  them  on  banana  slices.  Professor  Ross,  speaking  of  them  in 
West  Africa,  says :  "  They  (the  mosquitoes)  began  to  fly  about  and  walk 
over  the  fruit,  plunging  their  probosces  into  it  in  many  places,  so  that 
the  l)anana  was  sometimes  covered  with  gnats  both  male  and  female.'* 
Decaying  apples  have  also  been  observed  to  form  food  for  Culfx  pipiens 
(20,  vol.  i.  p.  69). 

Many  Culicidae  also  take  the  blood  of  invertebrate  animals,  such  as 
insects.  They  are  also  stated  to  feed  upon  young  fish,  attacking  their 
heads  and  even  killing  them.  The  strange  part  is  that  certain  species 
suck  human  blood  in  some  places  and  yet  do  not  in  others.  Amtphelcs 
mnculipennis,  a  proved  malari<vcarrier,  bites  viciously  in  many  parts  of 
Europe,  but  in  some  districts  in  Britain  it  is  never  known  to  bite  man. 
The  same  applies  to  Culex  pipiens.  The  females  alone  have  this  blood- 
loving  habit,  the  males  being  plant-feeders  only.  One  doubtful  record  is 
given  by  Ficalbi,  who  states  that  the  male  SU^goinyia  fasriata  may  occasion- 
ally bite  man,  but  the  study  of  its  mouth -parts  disproves  this.  The 
statement  frequently  made  that  the  female  mosquito  must  have  a  meal  of 
human  blood  before  she  can  deposit  fertile  eggs  certainly  does  not  apply 
to  all  species.  Professor  Ross  and  others  have  made  observations  con- 
firming this  statement,  so  that  it  is  probable  that  some  species  do  require 
human  blood.  On  the  other  hand,  Sir  William  Macgregor  tells  us  that 
he  camped  "  for  weeks  at  a  time  in  the  mud  and  swamps  of  the  western 
or  Anopheles  country  of  British  New  Guinea  and  yet  left  without  any 
cases  of  fever,  the  reason  being  that  for  some  one  hundred  and  fifty 
miles  of  coast  there  were  no  human  inhabitants,  which  seems  clearly  to 
prove  that  human  bloo<l  diet  is  not  necessary  for  the  ])reeding  of 
Anopheles."  I  have  bred  Anopheles  manUipennis  and  Anopheles  bi/urratns^ 
neither  of  which  had  any  human  or  vertebrate  blood,  but  yet  deposited 
fertile  eggs,  and  have  frequently  found  this  to  be  the  case  with  ( 'ulex  pipiens. 
Further,  according  to  Professor  Howard,  countless  swarms  of  mosquitoes 
breed  in  the  vast  stretches  of  swampy  land  in  America  into  which  warm- 
blooded animals  never  find  their  way.  It  may  therefore  safely  be  said 
that  mosquitoes  breed  mainly  without  the  stimuhis  of  human  blood. 
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How  Mosquitoes  pass  the  Winter. — In  warm  climates  mosquitoes 
may  continue  to  breed  all  the  year  in  small  numbers,  but  during  the  dry 
season  they  rest.  In  temperate  and  cold  regions  they  may  pass  the 
winter  months  in  three  ways — as  adults,  as  larvae,  and  as  ova. 

The  common  spotted  -  winged  European  AnoplieUs  maciUipennis,  the 
common  gnat  Culex  pipiens  hibernate  in  the  adult  stage.  They  take  up 
their  abode  in  cellars,  attics,  out-houses,  poultry-sheds,  and  stables,  usually 
seeking  dark  corners  in  which  to  hide.  So  far  as  we  at  present  know, 
the  females  alone  hibernate,  the  males  dying  off  at  the  approach  of  cold 
weather.  These  hibernating  females  liave  been  fertilised  by  the  males 
prior  to  their  taking  up  winter  quarters.  This  winter  hibernation  is 
sometimes  broken  during  a  spell  of  warm  weather,  and  hence  we  can  account 
for  winter  malaria.  The  unspotted -winged  Anopheles  hifurcatus  and 
.'/.  nigripes  pass  the  winter  in  the  larval  stage,  and  are  not  in  the  least 
affected  by  the  hardest  frosts  ;  nor  are  the  larvaj  of  Dendromyia  smithii, 
which  live  in  pitcher- plants  and  which  can  be  frozen  and  thawed  many 
times.  The  European  Grabhamias  may  remain  as  ova  during  the  winter 
in  mud,  at  least  I  have  observed  this  in  the  case  of  Grahhamia  dorsalis  in 
Britain.  Dr.  Christophers  states  that  "  in  the  dry  season  in  Sierra  Leone 
the  Anopheles  exist  in  most  parts  of  the  town  (Freetown),  in  dwellings, 
especially  in  overcrowded  native  huts  and  native  quarters,  ready  to  lay 
eggs  when  pools  appear."  Amongst  the  situations  in  which  mosquitoes 
are  found  to  shelter  during  colder  or  dry  weather  in  tropical  climates 
nnist  be  mentioned  curUiins  ancl  draperies  generally. 

Effect  of  Weather  on  Mosquitoes. — Moscjuitoes  are  susceptible  to 
changes  in  the  weather.  A  cerUiin  amount  of  rainfall  is  essential  to  them : 
a  moderate  rainfall  which  forms  great  numbers  of  pools  and  fills  up  vessels, 
jars,  cut  bamboos,  and  the  like,  naturally  gives  them  greater  breeding 
facilities,  whilst,  on  the  other  hand,  a  long  spell  of  dry  weather  acts  in 
the  reverse  way.  Mr.  Tait,  medical  otficcr  of  the  Cayman  Islands, 
noticed  there  that  "  a  slight  rainfall,  followed  by  heat,  appears  to  favour 
their  increase,  whilst  a  continuous  shower  or  a  high  wind  is  destructive 
to  them."  Undoubtedly  a  moderate  rainfall,  just  sufficient  to  fill  up 
the  ])0()ls  and  holes  in  the  rocks,  is  most  favourable  to  their  increase. 
Heavy  torrential  rains  are  harmful,  for  they  wash  out  the  small  pools  and 
vessels  and  thus  destroy  numbers  of  larvae  and  pupae. 

Prolonged  frost  does  not  seem  to  affect  the  larva>  all  alike.  Some 
s})ecies  are  said  to  be  killed  when  ice  accumulates  on  the  surface.  But 
those  spe^cies,  like  Anopheles  hifurcatus,  which  winter  as  larvae  in  Europe, 
are  not  in  the  least  affected  by  frost.  Ice  two  inches  thick  has  been 
noticed  over  them  for  a  week,  and  yet  they  all  pupated  and  hatched  out 
in  the  following  spring.  The  same  may  be  s;iid  concerning  some  of  the 
hill  sj)ccies  in  India  and  the  Dendromyia  ])reviously  quoted.  Winds  are 
prejudicial  to  mosquitoes,  (^specially  if  they  are  stn^ng  at  the  time  of 
hatching  ;  the  frail  crafts  ccmiposed  of  the  pupal  skins  are  blown  alK>ut 
and  get  upset,  and  so  the  mosquitoes  are  thrown  into  the  water  before 
they  are  capable  of  flying. 
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Certain  Water  Plants  inimical  to  the  Larvae. — It  is  said  that  water 
thickly  covered  with  green  water-weeds,  such  as  Lemna,  does  not  contain 
mosquito  larvae.  This  is  true  in  certain  cases  where  the  pools  are  so 
densely  covered  that  the  surface  of  the  water  is  completely  hidden.  In 
a  serious  outbreak  of  mosquitoes  {Culex  nemorosus)  in  Kpping  Forest  tliis 
was  particularly  noticeable.  Colonel  Giles  has  noticed  in  the  Benares 
Public  Gardens,  where  there  are  scores  of  small  irrigation  tanks,  that 
lK>th  Culex  and  Anopheles  larva?  were  present  in  every  tank  except  in 
those  that  were  covered  with  a  peculiar  floating  weed,  looking  much  like 
young  lettuce,  called  by  the  natives  Jalkumi  Pools  that  are  filled  with 
the  green  slimy  Spirogyra  contain  no  larvae,  for  they  become  entangled  in 
the  threads  of  weed  and  so  cannot  reach  the  surface  to  breathe.  Professor 
Smith  says  that  the  presence  of  even  a  small  quantity  of  weed  seems  to 
act  almost  as  a  poison  to  the  larva;. 

Various  plants  have  the  reputation  of  keeping  mosquitoes  away  from 
habitations,  but  so  far  none  have  been  found  to  be  of  any  use.  Castor 
l>ean  plants  were  thought  to  have  this  effect,  but  experience  has  shewn 
that  mosquitoes  will  even  settle  to  rest  under  the  leaves. 

The  number  of  mosquitoes  described  is  roughly  eight  hundred.  Very 
few  of  these  are  kno^vn  to  be  in  any  way  connected  with  diseases,  and  by 
far  the  greater  number  are  purely  sylvan  insects,  and  so  are  not  so  well 
known  as  those  occurring  in  man's  habitations.  One  hundred  and  three 
species  of  Anophelina)  are  described  at  present.  A  few  of  these  are 
doubtful,  and  some  two  dozen  are  founded  on  very  uncertain  characters, 
and  will  probably  prove  to  be  merely  varieties  of  other  species.  Many 
of  the  types  of  old  species  have  been  lost,  and  as  the  descriptions  are  so 
brief,  we  cannot  be  certain  as  to  actual  identification.  These  must  be 
given  u[)  as  lost  species. 

How  to  Mount  and  Examine   Mosquitoes. — The  adult  mos({uitoes 
should  be  preserved  in  two  ways:,  as  dry  specimens, 
and  as  dissections  mounted  in  Canada  balsnm. 

The  best  plan  to  mount  them  dry  is  to  pin  the 
mos4piito  on  a  disc  (Fig.  94).  This  is  done  by  using 
a  very  fine  (No.  20)  silver  pin  {h)  pierced  through 
a  card  disc  {a)  which  can  be  either  punched  out  of 
fine  stiff  cardboard  or  bought.  The  fine  pin  will 
bend  on  being  forced  through  the  card  disc,  so 
that  we  must  first  just  pierce  the  disc  .with  the 
point  of  a  needle  sufficient  to  break  the  surface. 
Care  must  be  taken  not  to  pierce  the  disc  so  much 
that  the  fine  silver  pin  can  move  about.  Having 
d(»ne  this,  the  point  of  the  No.  20  pin  is  forced 
through  the  thorax  of  the  insect,  so  that  its  apex  n„.  jo  silver  i.in ;  <. 
just  protnides  through  the  dorsum.  The  legs  and  I'' la;!,;;  Jm,/; ';;'l:;i'I.i: ' 
wings  may  then  be  spread  out  on  the  disc  so  as 
to  expose  them,  and  the  disc  fixed  to  a  cork-lined  air-tight  box  i»y  a 
larger,  stout  pin  (^),  forced  through  one  side  of  the  card. 
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The  data  concerning  the  specimen  can  be  conveniently  written  on  the 
under  side  of  the  disc,  or  may  be  attached  as  shewn  in  the  figure  as 
a  label  (/). 

To  examine  the  whole  insect  microscopically,  a  two-third  of  an  inch 
power  is  necessary.  This  may  be  done  by  simply  pinning  the  specimen 
on  a  cork  plate,  or  by  taking  the  large  pin  out  of  the  disc  and  placing 
the  small  pin  through  a  hole  made  in  a  piece  of  cardboard.  By  gradual 
movement  of  the  specimen  all  parts  of  the  dorsum,  legs,  and  wings  can 
be  seen.  The  scales  on  the  head  should  be  first  examined,  then  the 
thorax,  as  these  two  areas  are  of  great  diagnostic  value.  The  scales  on  the 
sciitelluui  are  best  seen  by  turning  the  insect  in  the  reverse  direction, 
that  is,  with  the  abdomen  pointing  towards  the  light.  The  abdomen  can 
be  examined  at  the  same  time.  Most  genera  can  be  recognised  by  the 
squamose  cliaracters  of  the  head,  mesothorax,  and  scutellum,  but  in  the 
Anophelinie  the  scale  structure  or  absence  of  scales  on  the  abdomen  must 
also  be  taken  into  account. 

To  examine  wings  and  legs  properly  the  parts  must  be  dissected  off 
anil  mounted,  so  that  they  can  be  examined  perfectly  flat.  Unless  this 
is  (lone,  the  true  form  of  the  wing-scales  and  the  relative  proportion 
of  the  venation  cannot  be  seen,  nor  can  the  structure  of  male  and  female 
ungues  ])e  made  out  with  any  degree  of  precision — all  most  important 
specific  characters,  whilst  the  wing -scales  are  of  generic  value.  (Note 
the  wing-scales  of  Mansonia,  Culex,  and  Taeniorhynchus.)  The  wings  are 
best  mounted  dry,  as  any  media  have  a  tendency  to  make  the  scales  so 
transpiirent  that  they  often  cannot  be  seen.  If  any  media  be  employed, 
balsam  dissolved  in  Venice  turpentine  is  the  best.  To  examine  the 
ungues  the  last  few  tarsal  segments  should  be  mounted  in  xylol-balsam, 
the  cover-glass  being  well  ])ressed  down  on  the  slide  so  as  to  separate  the 
two  claws  on  each  foot.  The  structure  of  palpi  can  only  be  made  out 
by  microscopic  prepamtions.  The  wl;ole  head  may  be  soaked  in  eau-de- 
javelle  and  then  mounted  in  xylol-balsam.  The  male  geniUilia  should  also 
be  mounted  in  balsam  and  subjected  to  slight  pressure,  and  prepared  so 
that  the  one-sixth  power  may  be  used  on  them  as  well  as  the  two-thirds. 
The  apex  of  the  abdomen  may  be  cut  ofl',  with  the  genitalia  attached, 
and  mounted  ;  this  will  be  found  to  give  better  results  than  using  the 
whole  abdomen.  Larvie  must  be  mounted  in  balsam.  To  obtain  satis- 
factory results  two  preparations  are  necessary — one  in  a  shallow  cell,, 
the  other  flattened  out,  so  as  to  shew  as  a  transparency,  and  so  expose^ 
the  elypeus  and  siphon  combs.  Larval  din>i  are  usually  best  adapted  foi ' 
this  purpose.  No  wings  should  be  described  unless  perfect  flatten 
preparations  have  been  made ;  numerous  errors  have  crept  in, 
descriptions  have  been  drawn  up  from  crumpled  wings. 
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Classification  of  Mosquitoes 

The  earliest  classification,  based  on  the  characters  of  the  palpi,  con- 
tained three  genera,  namely.  Anopheles,  Culex,  and  Aedes.     In  the  first 
tbe  male  and  female  palpi  are  long,  in  the  second  the  male  palpi  are  long 
and  the  female  short,  and  in  the  third  they  are  very  short  in  both  sexes. 
To  these  three  genera  were  later  added  the  genera  Sabethes,  Psorophora, 
Megarhinus,  marked  tropical  forms  quite  unlike  the  first  three.     It  was 
not  until  1891  that  fresh  genera  were  formed,  when  Arribdlzaga  created 
several  new  genera  out  of  Culex,  including  Janthinosoma,  Tjeniorhynchus, 
Ochlerotatus,  and  Heteronycha,  and  in  doing  so  attached  great  import- 
ance to  the  palpi     Scarcely  any  fresh  species  and  only  one  fresh  genus 
was  described  (Hcemagogus  Williston)  between  1891  and  1901,  when  the 
Monograph  of  the  Culicid(E  of  the  World  (20)  commenced  to  appear.     In 
this  work  I  pointed  out  that  the  examination  of  a  very  large  amount 
of  material,  from  all  parts  of  the  world,  shewed  that  palpal  characters 
would  not  hold  as  of  diagnostic  value  above  the  rank  of  species.     The 
characters  most   constantly  found   and    most   easily   observed,   and    by 
which  previously  existing  genera  could  be  split  up  into  smaller  groups, 
were  shewn  to  be  the  scales  of  the  body,  head,  and  wings,  etc.     It  is 
essential  to  bear  in  mind  that  scales  are  particularly  characteristic  of  the 
whole  family  Culicidse.     The  primary  grouping,  however,  was  tempor- 
arily retained  in  vols,  i.,  ii.,  and  iii.  of  the  ^loiwgraph,  but  genera  were 
^[Kirated  by  squamose  characters.      It  is  interesting  to  note  that  Felt, 
^^orking  on  the   male  genitalia,   finds   that  us  generic   characters   they 
'indorse  those  taken  from  the  squamose  structure. 

The  incongniousness  of  the  diagnostic  value  of  palpi  as  being  of 
generic  value  is  seen  best  in  the  case  of  the  closely  allied  genera  Mega- 
fuinus  and  Toxorhynchites.  In  the  former  the  palpi  are  long  in  both 
'^xes,  and  thus  would  come  in  the  Anopheline  group,  whilst  in  the  latter 
^he  female  palpi  are  short,  and  so  would  come  in  the  Culex  group,  and 
y^t  both  these  genera  are  closely  related  in  every  other  way.  The 
^I'i^^sification  previously  adopted  is  briefiy  as  follows : — 


Culieidse 

''Juciscis  formed  for  piercing  ;  wings  with  six  long  veins. 
'"    Palpi  long  in  (J. 

A.  Metanotum  nude. 

a.    Palpi  long  in  ^  and  ?  ;  in  the  ?  not  (juite  as  long  cus  the  pro- 
boscis. 

1 .  First  subinarginal  cell  as  long  or  longer  than  the  second 

posterior  cell       .  .  .      Sub-fam.  Anophcliiur. 

2.  First  aubmarginal  cell  nnicli  smaller  than  tlie  second 

posterior  cell.     Proboscis  curved 

Sub-fam .  McyrJi inin (p. 
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p.  Palpi  long  in  cJ ,  short  in  $  . 

3.  First  submarginal  cell  much  smaller  than  the  second 

posterior  cell  ;  the  proboscis  curved 

Sub-fam.  Toxorhynchina, 

4.  First  submarginal  cell  as  long  or   longer  than  the 

second  posterior  cell.     Proboscis  straight 

Sub-fani.  Culicinn^ 
B.   Metanotum  with  squamii*  or  chseta),  or  both. 

5.  Palpi  long  and  acuminate  in  <J,  short  in  the  9 

Sub-fam.  Trichoprosopotiinip. 
II.    Palpi  short  in   cJ. 

Palpi  short  in  both  sexes,  often  very  minute 

Sub-fam.  AeJeompm. 

B.  Proboscis  formed  for  piercing  ;  wings  with  seven  scaled  long  veins. 

Palpi  long  in  cJ  >  short  in  the  9 

Sub-fam.  HeptaphUbomyina. 

C.  Pioboscis  not  formed  for  piercing  ;  with  six  long  veins  clothed  with  hairs, 

not  scales  .......       Sub-fam.  Cortthnna. 

More  recently  Lutz  has  formulated  a  new  general  classification  which 
is  certainly  satisfactory.  In  this  he  includes  the  old  genera  Mochlonyx 
and  Gorethra.  These  I  exclude  and  place  in  a  separate  family — the 
Corethrida*  (Culicimorphte  of  Lutz). 


•           CULlCIDfi 

r 

1 

Eunclicidcf:. 

1 
Culicitnarpfur. 

Long  piercing 
proboscis. 

No  ]>iorcing 
proboscis. 

Asiphon(it(r. 

Siphonata'. 

LarvjH  without 

Larv.t  with  a 

any  respiratory 
siphon.     Sub- 

respiratory 
siphon. 

fam.  Anopheliiuz. 
Palpi  long  in 

1 

1 

- 

bocli  sexes. 

A  nkylorhynchoc.                  Orthorhynchcc. 
I'roboscis  curveil.              Proboscis  straight. 

8ub-t"ani.  Mr(j(i' 

1 

rhlniiur. 

Metaiiott>psihr. 

1 

Meta  noMrichfe. 

Metanotum  with- 

Metanotum with 

out  scales  or  hairs. 

1 

scales  and  liairs 

\                                                                                       1 
HelcropalpcE.       Micropalpa.       Hi'Jeri>pal)Hv.           AficrojuiljF* 

Palpi  lonjr  in     Palpi  short  in       Palpi  of  i           Palpi  of  <J  «» 

6  .  short  in  9  .       both  sexes. 

more  or  less                9  short* 

long ;   9  short. 


MOSQUITOES  OR  CULICIDAi 


145 


Tlie  A8iphcn(U(K==^\x\y'{dJm\y  Anophelince. 

Ankylorhynchce  =  Sub-fain.  Megarhinince. 

Orthorhyncha!=\.  Metanotopsilce.     2.  3fetanototnchce. 

,,  .       .       .|     (  Heteropalpae. 
Metanotopsilas  <  n,.       *^,  ^ 
'^         (  Micropalpse. 

Heteropalpaj  =  Sub-fam.  CulicijKE. 

Sub-fam.  Heptaphlebomyina. 

Micropalp89  =  Sub-fam.  Aedince. 

Sub-fam.  Hasmogogina. 

»r  4.      4.  *  •  u    r  Heteropalpa;. 
Metanototrichse'!  ,,.       ^i  ^ 

(^  Micropalpse. 

Heteropalpse  =  Sub-fam.  Hyloconopincs. 

MicropalpaB  =  Sub-fam.  Dendromyinoi. 


The  SiphonatcB  ;= 


Lutz's   Culicimorphse   should    undoubtedly   be   excluded   from    the 
^feidae,  and  be  known  as  a  separate  family — Corethridae. 

The  best  modification  that  can  be  made  of  this  classification  is  as 


CULICIDiE 

I 


I 

AN0PHKLIK£. 

Proboscis 

straight ;  palpi 

long  in  both 

sexes. 


Or(horhi/7ichce. 

Proboscis 

straight ;  palpi 

short  in  9 » 

long  or  short 

in  6  • 


1 

A  lUcylorhynchce. 

Proboscis 

curved. 


ToXORHYNCHINiE. 

Palpi  short  in  9  . 


Mkgarhinina'. 

Palpi  long  in 

6  and  9 • 


I 
Metanotopailce. 

Metanotuni 

nude. 


Metanototridice. 

Metanotuin 

with  scales 

or  clijetoe. 


Ifderopalpce. 
Palpi  long 

in  S  ; 
short  in  9 . 


I 

Micropalpa.'.       Iletn-apalptv. 
Palpi  Palpi  long 

short  in  in  <J . 

both  sexes.  |  i 

Hyloconopin^.  Dendromvin.*:. 


Micro/mfjxv. 

Palpi  short 

in  6  and  9  • 


\^-i.^  ^^E-    Heptaphlebomyinje.     AEDiN.t:.     H.*:magooin\e. 


Wings  with  seven       Abdomen  Abdomen 

long  veins.  simple.       notched  below, 


5?his  classification  is  tlius  based  on  the  adult  characters  only,  which 
^^  ^^tter  than  including   larval   characters  as  is  done  by    Lutz.      The 
S'^^^ric  characters  are  all  formed  by  the  structure  and  ari-angement  of 
^^  Scales  on  the  head,  body,  legs,  and  wings. 
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LIST  OF  GENERA 

Anophelinje  (Theobald) 

Genus  1.  Anopheles  (Meigen). 

„  2.  Myzomyia  (Blanchard). 

„  3.  Cycloleppteron  (Theobald). 

„  4.  Stethomyia  (Theobald). 

„  6.  Pyretophorus  (Blanchard). 

„  6.  Arribalzagia  (Theobald). 

„  7.  Myzorhynchus  (Blanchard). 

„  8.  Christya  (Theobald). 

„  9.  Lophosceloinyia  (Theobald). 

„  10.  Nyssorhynchus  (Blanchard). 

„  11.  Cellia  (Theobald). 

„  12.  Aldrichia  (Theobald). 

„  13.  Kert^szia  (Theobald). 

„  14.  Bironella  (Theobald). 

„  15.  Neocellia  (Theobald). 

„  16.  Myzorhynchella  (Theobald). 

AXKYLORHYNCHiE  (Lulz) 

A.  ToxorhynchinoB  (Theobald). 
Genus  17.  Toxorhynchites  (Theobald). 

B.  Megarhininae  (Theobald). 
„       18.  Megarhinus  (Fabricius). 

„       19.  Ankylorhynchus  (Lutz). 

Ort1iorhynch(€ — Metanotopsilce 

CuLiciNiE  (Theobald) 

Genus  20.  Theobaldia  (Blanchard). 

„  21.  Lutzia  (Theobald). 

„  22.   Mucidus  (Theobald). 

„  23.  Mansonia  (Blanchard). 

„  24.  Ticniorhynchus  (Arribdlzaga). 

„  25.   Melanoconion  (Theobald). 

„  26.   (irabhaniia  (Theobald). 

„  27.   I^seudograbhaniia  (Theobald) 

„  28.  Acartomyia  (Theobald). 

„  29.   Psorophora  (Desvoidy). 

,.  30.  Janthinosoma  (Arribalzaga). 

„  31.   De.svoidea  (Blanchard > 

„  32.   Eretmapodiies  (Theobald). 

„  33.   Stegomyia  (Theobald). 

„  34.  Pseud oskusea  (Theo})ald). 

„  3.5.   Scutomyia  (Theobald). 

„  36.  .Ediniorphus  (Theobald). 
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Genus  37.  Leicesteria  (Theobakl). 

„  38.  Macleaya  (llieobald). 

„  39.  Hulecotomyia  (Theobald). 

„  40.  Phagomyia  (Theobald). 

„  41.  Polyleptiomyia  (Theobald). 

„  42.  Howardiua  (Theobald). 

„  43.  Danielsia  (Theobald). 

„  44.  Lepidotoiuyia  (Theobald). 

„  45.  Catageiomyia  (Theobald). 

„  46.  Finlaya  (Theobald). 

„  47.  TrichorhynchuB  (Theobald). 

„  48.  Quasistegomyia  (Theobald). 

„  49.  Bancroftia  (Lutz). 

„  50.  Culex  (Linneous). 

„  51.  Lophoceratoinyia  (Theobald). 

„  52.  Trichopronomyia  (Theobald). 

„  53.  Lasioconops  (Theobald). 

„  54.  Gilesia  (Theobald). 

HEPTAPHLEBOMYIN.E  (Theobald) 
Genus  55.  Hepta])hlebomyia  (Theobald). 

HiEMAGOGiNiE  (Theobald) 

Genus  56.  Ha'magogus  (Williston). 
„      57.  Gualteria  (Lutz). 

AEDiNiE  (Theobald) 

Genus  58.  Aedes  (Meigen). 

y,  59.  Aedinus  (Lutz). 

„  60.  Aedeoniyia  (Theobald). 

„  61.  Deinocerites  (Theobald). 

„  62.  Mimomyia  (Theobald). 

„  63.  Uranotiimia  (ArribdlzaRa). 

„  64.  Anisocheleomyia  (Theobald). 

„  65.  Ficalbia  (Theobald), 

„  66.  Leptosomatoiiiyia  (Theobald). 

„  67.  Polylepidoniyia  (Theobald). 

„  68.  Verralliua  (Theobald). 

„  69.  Rhachionotoniyia  (Theobald). 

„  70.  Etorleptioinyia  (Theobald). 

0rth4>rhyiich(t — Meianototrichm 

IlYLOCONOPINiE  (Lutz) 

Genus  71.  Trichopiosopon  (Theobald). 

„       72.  Joblotia  (Blanchard). 

„       73.  Goildia  (Theobald). 

,,       74.  Ruuchomyia  (Theobald). 

„       75.  Hyloconops  (Lutz). 
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Dendromyin^  (Lutz) 

Genus  76.   Dendromyia  (Theobald). 

„  77.   Wyeomyia  (Theobald). 

„  78.  Phoniomyia  (Theobald). 

,,  79.   Sabethes  (Desvoidy). 

„  80.   Sabethoides  (Theobald). 

„  81.   Sabethinus  (Lutz). 

„  82.   Limatus  (Theobald). 

Of  these  genera   the   only  ones   that  are  known  to  be  of  medicak 
interest  at  present  are  Anopheles  (Meigen),  Myzomyia  (Blanchard),  Py 
phonis(Blanehard),  My  zorhynchus  (Blanchard),  Nyssorhyncbus  (Blanchard 
Cellia  (Theobald),  Stegomyia  (Theobald),  and  Culex  (Linnaeus).     All  tli 
other  Anopheline  genera  may  probably  be  connected  with  malaria,  an 
the  CuHcine  Mansonias  and  Tajniorhynchus  with  filariasis.     So  far  n. 
disease  has  been  traced  to  the  Ankylorhynchae,  nor  to  the  Micropalp 
Metanotopsila*,   nor  any  of    the  Metanototrichiip.      A  few  of   the  mo; 
important  genera  in  the  latter  only  are  mentioned  here.     For  study 
the  other  genera  the  reader  is  refeiTed  to  my  Monograph  of  the  Culicid^^^ 
of  tJie  IVoiid  (20).     (Many  new  genera  appear  in  Vol.  IV.) 


The  AnophellnsB 

The  Anophelinse  may  be  told  from  other  Culicidse  by  the  combim 
characters  of  the  long  palpi  in  both  sexes,  the  total  absence  of  flat  thoracE 
and  scutellar  scales,  and  their  straight  proboscis.      Most  have  spoti 
wings,  and  when  stationary  are  at  an  angle  to  the  resting  surface,  tl» 
head,  thorax,  and  abdomen  being  in  one  line ;  but  an  exception  is  foun. 
in  Myzomyia  cnlicifacifs  Giles  in  the  latter  habit,  and  some,  as  A.  bifurcaiwM^ 
Linnaeus    and    StdJiomyia   nimba   Theobald,   etc.,    in    the    former.      Tim 
larvae  of  all  Anophelines  have  no  respiratory  siphon,  and  when  at  tt» 
surface  of  the  water  they  lie  nearly  parallel  with  it. 

Many  are  purely  sylvan,  and  are  responsible  for  bush  fevers ;  some 
entirely  domesticated,  as  Anopheles  maculipennis.     There  are  at  preser* 
known  to  be  one  hundred  and  three  species,  but  this  number  will  probably 
be  gradually  increased  as  further  investigations  are  made.^    At  the  santx 
time  it  may  be  mentioned  that  some  two  dozen  of  the  one  hundred 
known  species  may  probably  turn  out  to  be  merely  varieties. 

Most  species  have  spotted  wings ;  too  much  importance  has  be« 
attached  to  the  distribution  and  i)attern  of  the  spotting,  for  we  no 
know  that  there  is  a  considerable  amount  of  local  and  seasonal  variation"* 
in  the  markings  of  the  sub-family.     The  existence  of  several  species 
also  been  founded  on  combined  wing  and  leg  markings.     Species  rela 
to  Myzorhynchns  harhirostris  have  been  separated  because  the  hind 
have  one  or  more  white  hind  tarsals,  and  also  species  near  Nyssorhynch^"^ 
inaculalus ;  but  as  we  know  there  is  variation  in  this  respect,  it  is  qui^^ 
possible  that  this  leg  banding  will  also  prove  to  be  a  local  and  season*' 

^  Siuce  this  went  to  press  twelve  new  species  have  beeu  described. 


r»   _ 
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y^^iution.  Certain  collectors  with  no  knowledge  of  insect  life  have  also 
*^id  stress  on  the  pale  bands  on  the  palpi,  but  these  also  vary,  and  cannot 
^  accepted  as  valid  characters. 

The  larval  characters  of  chaetotactie  nature  must  be  taken  with  great 
^■^'*e,  as  we  do  not  know  whether  the  observers  who  have  worked  at  this 
*5///»ject  have  been  careful  to  examine  all  stages  of  the  larvae.     Where  we 
^iive  checked  them  they  have  not  always  proved  correct. 


«  V 


* •  J.— JSqiumioue  <rharact«rs  of  Anopholina-.     i.  Anopheles:   ii.  Myzomyia  ;   iii.  Cycloleppteron  : 
^~  ,  ?*li»tliomyia  ;  v.  Pyretophonis  ;  vi.  Aldrichia  ;  vii.  Crllia  ;  viii.  Arribalzat^ia  ;  ix.  Myzorhynchus  ; 
-    N'yNMorhynchUK. 


The  Anophelinaj  win  Ixjst  bo  divided  into  smaller  groups  or  genera  by 
^"^  It^  structure,  and  accordingly  the  sub-family  is  split  into  the  following 
^^^'-^'^Xps,  which  may  be  tabulated  as  follows  : ' — 

5Sub-family  Anophelin^. — In  this  sub-family  the  head  has  numerous 

^^^*^^ght-forked   scales,  rarely  those   of  other  form   (Stethomyia).      The 

^"^^^^ax  is  scaly  or  hairy,   the   mctanotum   always   nude,   the   scutelhini 

'^v^^Hys  simple  (never  trilobed  as  in  other  Culicida?),  with  scales  or  hairs. 

^^   abdomen  is  hairy,  or  scaly,  in  one  genus  (Aldrichia)  as  completely 

It  may  be  poiDted  out  liere  tliat  these  cliaracters  are  lulopted  l>y  all  tliose  who  liave 
''^ktMl  s< ieutifically  at  the  Culicidae,  sucli  as  Lutz,  (loeh.li,  Leicester,  Felt,  Blaiichanl, 
^^uels  Ludlow.  (Trabham,  Veiitrillou,  and  all  the  otlier  describers  of  valid  species.  Two 
^'^^iical  obs€rven,  James  aud  Liston,  have  discarded  it. 
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scaled  as  in  Culicinse,  etc.  The  palpi  of  the  male  are  long  and  cla^'ate, 
in  the  female  long  (usually  as  long  as  the  proboscis),  and  of  more  or  less 
uniform  size  throughout.  With  the  exception  of  Bironella,  the  wings  have 
all  long  fork-cells,  the  first  sub-marginal  longer  than  the  second  posterior 
cell.  The  ungues  of  the  females  always  equal  and  simple,  in  the  males 
the  fore  and  mid  are  unequal,  and  may  be  uni-,  bi-,  or  tri-dentate. 

Taking  the  squamose  structure  of  the  thorax  and  abdomen,  etc.,  we 
can  tabulate  the  genera  as  follows  : — 

A.  Fork-cells  lonpj. 

«.  Thorax  ami  abdomen  with  hair-like  curved  scales, 
a.   Head  with  upright- forked  scales  only. 

1.  Wing-scalea  large  and  lanceolate,  wing  unspotted,  or  if  spotted 

tlie  spots  due  to  collections  of  similar  coloured  scales 

Genus  Anopheles  Meig. 

2.  Wing -scales    small,    narrowly    lanceolate,    the    wings  with 

spotting  of  varied  colour     .  Genus  Myzomyia  BL 

3.  Wings  with  patches  of  large  inflated  scales 

Genus  Cycloleppteron  Thco. 
/^.  Median  area  of  head  with  some  flat  scales 

Genus  SUthomyia  Tbco. 
h.  Thorax  with  narrow-curved  scales,  alxlomen  hairy. 

Wing-scales  small  and  lanceolate         .  Genus  Pyretophorut  Bl- 

c.  Thorax  with  hair-like  curved  scales  and  some  narrow-curved  ones  i*^ 

front ;  abdomen  with  apical  lateral  scale-tufts  and  scaly  venter ;  ti*' 
ventral  tuft ;  wing-scales  lanceolate    .  .  Genus  Arrihalzagia  The^^ 

d.  Thorax  with  hair-like  curved  scales  ;  no  lateral  abdominal  tufts  ;  a  di^' 

tinct  apical  ventral  tuft  and  dense  scaled  palpi  in  the  9  • 
Wings  with  dense,  large,  lanceolate  scales 

Genus  Myzorhi/Jichws  3^' 

e.  Thorax  with  hair-like  curved  scales  and  some  narrow  -  curved  latere-* 

ones  ;  abdomen  hairy,  with  dense  long  hair-like  lateral  apical  scal^ 
tufts. 

Wing-scales  short  and  ilense,  lanceolate  ;  fork-cells  rather  short 

Genua  Chrigtya  The*>- 
/.  Thorax  with   very  long  hair-like  curved  scales  ;    alxlomen  ¥rith   hai*"^ 
except  the  last  two  segments,  which  are  scaly  ;  dense  scale-tufts    ^^ 
hind  femora. 

Wings  with  broad ish,  blunt,  lanceolate  scales 

Genus  Lophoscelomyia  Tb^^* 
q.  Thorax  Jind  abdomen  with  scales. 

Thoracic  scales  narrow-curved  or  spindle-shaped  ;  abdominal  «cal«^* 
as  lateral  tufts  and  small  dorsal  patches  of  flat  scales 

Genus  Nyfsm'hynchia  B*- 
Abdomen  nearly  completely  scaled  with  long  irregular  scales  an*' 

with  lateral  scale  tufts         ....   Genus  Cellia  Th^<^* 
Abdomen  completely  scaled  with  large  tlat  scales  as  in  Culex 

Genus  Aldrichia  ThetJ- 

B.  Fork-cells  very  small,  resembling  those  of  Uranot^enia  in  form. 

Bodv  and  thorax  non-seal v        ....       Genus  BironeUa  Thea 
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Genus  Anopheles.  Meigen,  o'yti/.  Besekr.  Eur.  zirei/tug.  Iw.  Dipt. 
lol.  i.  p.  10,  1818. — Thia  genus  is  found  in  Europe,  Northern  Africa,  in 
the  hill  districts  of  India,  in  AuBtralia,  the  West  Indies,  North  America, 
and  one  in  West  Africa.  It  is  essentially  a  temperate  region  genua ; 
ihoee  that  occur  in  warm  climates  mostly  occur  in  hill  regions,  but  not  all. 
Mnjiy  have  perfectly  clear  wings,  and  so  might  be  mistaken  for  Culicines. 

rifieen  species  occur  in  the  genus,  the  type  of  which  is  Aiu^ttka 
mtwtJipemiif,  common  to  Europe  and  North  America.  There  are  two 
UDBpotted- winged  European  species,  A.  bifurMlns  Linn.,  and  A.  nigrijxs 
SUeger ;  closely  relateii  forms  to  the  first  of  these  occur  in  Africa  {A. 
ntgt^ms  Theobald)  and  in  Australia  {A.  iiustralimgis  Theobald);  the 
type  also  occurs  in  North  America,  where  a  variety  (A.  larltri  Coquillett) 
is  evidently  the  same.  Spotted -winged  fcrms  occur,  but  the  spotting  is 
very  scanty  {A.  cjiwrtoHa  Wiedemann,  A.  gigits  Giles,  etc.). 

Some  of  this  genus,  such  as  A.  macuiijiennis  and  A.  algfriensis,  arc 
provetl  carriers  of  the  malarial  Hfemamrebida.  The  larvte  of  maatliprvim 
occur  ill  pools  and  rain-water  barrels  ;  others,  as  Ijifnrfdtii.',  gi'jas,  and 
lituimifii,  in  small  natural  collections  of  water. 
_  They  may,  as  in  A.  Undsat/ti,  occur  high  up  in  the  hilts  in  India.  The 
diilts  (mafuHpejinis)  or  larvie  (bifureatiis)  may  hibernate.  Some  are 
Doeaticated,  others  are  found  in  the  open  country,  p.nd  do  not  enter 
1  as  a  nile.     Probably  all   can  act  as  the  hosl«  of  the   malarial 


Myzomyia.     Blanchai-d,   f,   ?■.  Snr.  biol.   I'nris,   vol,  xxiii.  p. 
[1IO2.— Some  twenty-one  species  occnr  in  this  genus.     The  wings 
B  hII  much  spotted  with  areas  of  different  coloured  scales,  and  have  more 
r  Ing  definite  marks  along  the  costa.    They  are  mostly  small  mosquitoes. 
rTae  type  may  be  taken  as  the  Aimpkeles  fuatsta  of  Giles,  which  bears  no 
***einblance  to  a  true  Anopheles  whatever. 

These  mosquitoes  arc  of  varied  habits.     Some  breed  in  pools  and 
"ftificial  collections  of  water  {M.  msni),  others  in  rivers  and  streams  (M. 

I'^^^xii  and  M.  nUi  and  M.  funaila).  Five  at  least  are  proved  malaria- 
pWers,  namely,  M.  /m/ohm  Liston  and  M.  funesta  Giles,  M.  lurkhidu 
^lon,  M.  ealmfitcies  Giles,  and  probably  M.  nili  Theo!>ald.  So  far 
^  nxDt't  Giles  has  been  found  incapable  of  transmitting  the  disease. 
^8  species  (.If.  cnlkifacira  Giles,  9non  ij^)  rests  in  Culicine  fashion. 
*Jnae  species  are  purely  wild,  sutb  us  Myumiyia  leiieoipliifra  Dijnitz  and 
•■  tltgaiii  James  ;  whilst  others,  as  M.  pttnduiala  Donitz  and  M.  ronsii 
"'le»,  come  into  houses.  The  genus  has  representatives  in  Europe  {M. 
'^Pfrpiaa  Grassi),  in  Africa  {M.  funesla  Giles),  Asia  (M.  rassii  Giles), 
""'t  not  in  South  America,  North  America,  the  West  Indies,  or 
Aitttralin. 

>  Gilc»'  mule  uf  ihie  wsi.  n  ditfcreitt  spei:ies  (il.  lurkhwlii  Ltston). 
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The  following  are  the  known  species : — 

1.  M.  fiinesta.  Giles,  Mono.  Gulicid.  i.  p.  iii.  Central  and  Western  Africa^ 
Sudan,  Philippine  Islands.     (Type.) 

2.  M.   rossii.       Giles,    Joum,    Trop.    Med.    1899.       India,    Malay   State^s-n, 
Philippine  Islands. 

3.  M.   ludlowii.       Theobald,   Mon.   Cultc.   iii.    p.    42,    1903.       Philippir^  e 
Islands,  Malav. 

4.  M.  rhodesiensis.     Theobald,  ibid.  i.  j).  184,  1901.     Central  Africa. 

5.  M.  culicifacies.      Giles  (9,   non    c?),    Ent.    Mon.    Mag.   p.    197,    190         1 
India,  Central  Provinces,  Berar,  Madras. 

6.  M.  listouii.      Liston,   hid.   Med.   Gaz.    86,  p.    12,    1901.       India,  Ft 
Malay  States. 

7.  M.  longipalpis.    Theobald,  Mon,  Cultc  iii.  p.  37,  1903.     British  Centi-  — a 
Africa. 

8.  M.  leptomeres.     Theobald,  ibid.  iii.  p.  38,  1903.     India. 

9.  M.  lutzii.     Theobald,  ibid.  i.  p.  177,  1901.     Brazil  and  British  Guian     ^^ 

10.  M   turkhudii.      Liston,  Ind.  Med.  Gaz.  p.  441,  1901.      India. 

11.  M.    hispaniola.        Theobald,    Mon,    Culic.    iii.    p.    49,    1903.        Spai^^B, 
Teneriffe. 

12.  M.   elegans.      James    and    Theobald,   ibid.  iii.  p.   51,   1903.       Bombr«-J 
Presidency. 

13.  M.  punctulata.      Diinitz,  Ins.  Borsey  5.  18.  31.  j).  37,   1901.      Sumatra 
Bonieo,  New  Guinea 

14.  M.  tessellata.     Theobald,  Mon.  Culic  i.  p.  175,  1901.     Straits  Settlement  a 

15.  M.  leucosphyra.     Donitz,  Inx.  Borse^  5.  p.  37,  1901.     Sumatra,  Bomeo» 
Xew  Guinea. 

16.  M.  albirostris.    Theobald,  Mon,  Culic.  iii.  p.  24,  1903.     Malay  States. 

17.  M.    nili.     Theobald,   First  Rep.   Gord.    Coll   JFell.   Lab.   Sudaii,   p  66, 
1904.     Sudan. 

18.  M.  thorntonii.    Ludlow,  Canad.  Ento.  p.  69,  1904.    Philippine  Islands. 

19.  M.  aconita.     Donitz,  Beit.  z.  d.  Anop.  p.  70,  1902.     Sumatra,  Java. 

20.  M.  hebes.     Donitz,  ibid.  p.  84,  1902.      Dar-es-Salam,  East  Africa. 

21.  M.  pyretophoroides.     Theobald,  Mono.  Culic.  iv.  p.  48,  1906. 

Genus  Cycloleppteron.  Theobald,  Mono.  Cvlic.  vol  ii.  p.  31 3, 
1901. — Only  two  species  occur  in  this  genus — one  {C.  grabhamui,  Theo- 
Mono.  Culic,  i.  p.  28,  and  iii.  p.  56)  from  Jamaica,  the  other  from  Brazil 
(C,  TtiediopuictaiOy  Theo.  Mono.  Culic.  iii.  p.  60).  The  members  of  tbi« 
genus  can  at  once  be  told  by  the  patches  of  large  inflated  dark  scales  on 
the  wings. 

Genus  Stethomyia.  Theobald,  Joum.  Trop.  Med.  vol.  v.  p.  I8l» 
1902. — This  genus  also  contains  but  two  species — one,  S.  nimba  Theoh-t 
from  South  America  (Mono.  Culic.  iii.  p.  62,  1903);  the  other,  S.fragili^ 
Theobald,  from  the  Federated  Malay  States  (Th^  Entovw.  p.  257,  1903).  ] 
The  main  distinguishing  feature  is  the  presence  of  fiat  scales  on  tho 
middle  line  of  the  head  and  hairy  thorax  and  abdomen.  The  former 
species  is  probably  connected  Avith  bush  malaria  in  South  America,  and 
bites  very  viciously. 
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Genus  Pyretophorus.  Blanchard,  C.  r.  Soc.  bid.  Fans,  No.  23, 
^95,  1902. — This  is  a  large  genus  which  so  far  only  occurs  in  Africa, 
A,  and  Australia.  It  comes  near  Myzomyia,  but  can  at  once  be  told 
haWng  narrow-curved  thoracic  scales.  They  are  also  much  larger 
ries,  and  have  prominently  spotted  wings.  The  larvae  are  found  in 
dies  and  streams,  and  also  in  flowing  water,  in  rice  fields,  and  in  rock 
[s. 

Three  species  at  least  are  connected  with  malaria,  viz.,  costalis  Loew, 
<ioyei  Theobald,  and  ardensis  Theobald,  all  from  Africa.  It  is 
ntially  an  African  genus,  but  it  also  occurs  in  India,  South  America, 

Australia.     Eleven  ^  species  are  known,  as  follows  : — 

1.  P.  costalis.    Loew,EntZeit.Berl.]).6bylSQ6,  Africa  and  Mauritius.  (Type.) 

2.  P.  marshallii.     Theobald,  Mono.  Culic.  iii.  p.  77,  1903.     Mashonaland. 

3.  P.  minimus.     Theobald,  ibid,  i.  p.  186,  1901.     Hong  Kong. 

4.  P.  ardensis.     Theobald,  Joum,  Econ,  Biol.  i.  p.  17,  1905.     Natal. 

5.  P.  chaudoyei.     Theobald,  Mmio.  Cxdic.  iii.  p.  68,  1903.     Algeria 

6.  P.  superpictus.     Qrassi,  Rea,  Acad.  Line.  (Stud.  Zool.  s.  Malaria),  j).  78, 

0.  S.  Europe. 

7.  P.  palestinensis.  Theobald,  Mono,  Culic.  iii.  p.  71,  1903.  Palestine, 
rus. 

8.  P.  jeypurensis.     Theobald,  ibid.  iii.  p.  66,  1903.     India. 

&.  P.  cinereus.      Theobald,  ibid.  i.  p.    161,   1901.      S.,  W.,   and    Central 

c^a. 

J.  P.  atratipes.     Skuse,  Proc,  Linn,  Soc.  N.  S.   Wales,  iii.  p.  1755.     New 

■b  Wales,  Queensland. 

1.  P.  lutzii.     Cruz,  Mosquitos  do  Brasil,  p.  19,  1904. 

Genus  Arribalzagia.  Theobald,  Marw,  Culic.  iii.  p.  81,  1902. — A 
le  species  only  occurs  in  this  genus  at  present.  It  can  be  told  from  the 
-  genus  by  having  hair-like  curved  scales  all  over  the  thorax  and 
3men,  except  for  a  few  narrow-curved  ones  in  front  of  the  thorax,  and 
I  lateral  alxiominal  scale-tufts  and  scaly  venter ;  otherwise  it  comes 
^  near  the  next  genus  {Myzorhynclius),  The  single  species  {A,  macU'- 
,  Theobald,  Mono,  Culic.  iii.  p.  81,  1903)  occurs  in  the  Brazils  and  in 
tidad,  and  is  said  to  be  a  malaria-carrier. 

Genus  Myzorhynchus.  Blanchard,  C,  r,  Soc,  biol,  v.  23.  p.  795, 
2. —  This  very  marked  genus  can  at  once  be  told  by  its  densely 
ed  palpi ;  the  thorax  with  hairs ;  abdomen,  except  the  last  few 
Kients,  with  hairs  and  a  ventral  apical  scale -tuft.  (There  are  no 
ral  tufts  iis  in  the  former  genus.)  The  proboscis  is  densely  scaly. 
y  are  mostly  large  and  dark  species,  but  may  have  much  white 
the  legs.  All  known  at  present  are  wild  insects,  and  breed,  as  a 
I,  in  swampy  places,  especially  dark  pools  with  much  vegetiition  and 
er  overgrown  with  green  weeds.  They  are  vicious  biters,  and  several 
probably  connected  with  malaria,  although  nothing  has  been  definitely 
ved  so  far.     The  malarial  parasites  can,  however,  develop  in  them, 

"  Twenty-six  species  are  now  known.     {Vide  Vol.  IV.  "  Mono.  Ciilicidie.") 
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and  it  is  probable  that  they  account  for  malaria  contracted  in  the  open. 
So  far  none  seem  to  occur  in  houses.  All  the  larva  have  much  branched, 
almost  brush-like,  frontal  hairs.  One  species  (M,  nigerrimiis)  has  been 
found  to  prove  an  efficient  host  for  Filnria  hancroffi.  The  genus  occurs 
in  Africa,  Asia,  S.  Europe,  and  Australia. 
The  following  species  are  known  : — 

1.  M.  barbirostris.  Van  «ler  Wulp,  Leyd.  Mns.  Notes,  G.  p.  48.  India,  We^ 
Africa,     (Type.) 

2.  y[.  Vjancrofti.     Giles,  Hbk.  Gnats^  2nd  ed.  p.  511,  1902.     Queensland. 

3.  M.  umbrosus.      Theobald,  Mono.  Cnlic.  iii.  p.  87,  1903.     Malay. 

4.  M.  albotieniatus.      Theobald,  ibid,  iii.  p.  88,  1903.     Straits  Settlemeiit.«- 

5.  M.  sinensis.      Wiedemann,  Aiisseuro.  Zweit.  In:i.  p.  547,  1828.      Chinch 
Formosa  ;  Federated  Malay  States. 

6.  M.   vanus.      Walker,  Journ.  Pro.  Linn.  Soc.  v.   p.    91,   1860.       Malay, 
China. 

7.  M.  annularis.      Van  der  Wulp,  Leyd.  Mus.  Notes,  9.  ]).  249,  1889.     East 
Java,  Malay,  India. 

8.  M.  pseudopictus.      Grassi,  Rea.  Acad.  Live.  (Stud.  Zool.  S.  Malaria,  1890)» 
Italy. 

9.  M.  minutus.      Theobald,  Mono.  Culic.  iii.  p.  91,  1903.      India  (Punjab)- 

10.  M.  nigerrimus.      Giles,  Hbk.  Gnats,  p.  161,  1900.      India. 

11.  M.  mauritianus.      Gmndpre  and  Charmoy,  Les  Moitstiques,  Planter^  G^tf^ 
Press,  1900.     Mauritius,  Central  and  Northern  Africa. 

12.  M.  plumiger.     Donitz,  Ins.  Borse,  Jan.  1901.     Hong  Kong,  East  India- 

13.  M.  paludis.      Theobald,  Report  Mai  Com.  Roy.  Soc.  p.  75,  1900.     West, 
Central,  and  Northern  Africa. 

14.  M.   pseudobarbirostris.     Ludlow,  Jonrn.  N.  York  Ent.  Soc,  Sept.  1902- 
Philippine  Islands. 

15.  M.  coustanii.     Laveran,  Arch.  d.  Parasit.  6.  p.  389,  1902.     Madagascar- 

16.  Strachanii.      Theobald,  Mono.  Culic.  iv.  p.  85,  1906. 

Genus  Christy  a.  Theobald,  "Rep.  Sleeping  Sickness,'*  Boi/al  St^- 
vol.  vii.  p.  84,  1903. — A  single  species  only  occurs  in  this  genus,  which 
is  allied  to  the  former,  but  can  easily  be  told  by  the  veri/  long  lateral  apical 
tufts  of  scales  on  the  alxlomen.  The  fork-cells  are  rather  short,  and  th«? 
thorax  has  hair- like  scales,  with  narrow-curved  ones  laterally,  and  tb^ 
prothoracic  lobes  with  narrow-curved  scales.  The  single  species  {C.  f*' 
plexa,  Theobald,  "Hop.  Sleeping  Sickness,"  Boy.  Soc.  vol.  vii.  p.  84,  190^/ 
comes  from  Uganda. 

Genus  Loj>iioscelomyia.    Theobald,  The  Entmnologid,  p.  12,  1904. 

This  genus  is  so  far  only  known  in  Malaya.     The  head  has  narrow-cur^'^^ 
as  well   as  upright- forked   scales  ;   palpi  densely  scaled.     Thorax  vt'i^^^ 
long  curved  hair-like  scales,  prothoracic  lobes  with   a  tuft  of  spatiUat^ 
scales.     The  legs  have  dense  tufts  of  outstanding  scales  at  the  apex  o» 
the  hind  femora. 

The  larvai  of  the  only  species  {L.  asiatica,  Leicester,  Entomo.  p- 
13,  1904)  live  in  the  water  collected  in  pierced  and  fallen  bamboos  in  the 
Malay  jungles. 
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Genus  Nyssorhynchus.  Blanchard,  C,  r.  Soc.  hiol.  vol.  xxiii.  p.  795, 
1902. — A  number  of  species  occur  in  this  group.  Some  are  malaria- 
bearers,  or  at  least  the  parasites  may  develop  in  them  (N.  stephensi%  etc.). 
This  is  a  very  marked  genus,  but  contains  a  few  aberrant  forms. 

The  thorax  has  narrow -curved  and  spindle-shaped  scales.  The 
abdomen  has  scales  on  the  venter  and  dorsal  patches  mostly  on  the  apical 
segments.  Many  have  spotted  legs  and  one  or  more  white  hind  tarsals, 
which  undoubtedly  vary  in  number  at  different  seasons,  as  also  do  the 
wings  and  palpal  banding.  The  species  are  all  best  distinguished  by 
squamose  characters  which  do  not  vary  in  form.  The  larvae  are  mostly 
pot  and  puddle  breeders ;  some,  however,  live  in  marshes,  others  in  hill 
streams  in  jungles.  The  adults  occur  both  in  houses  and  huts  and  out  of 
hahitAtions. 

Some  dozen  or  more  species  are  known.  The  following  have  been 
described : — 

1.  X.  maculatuB.  Theobald,  Mono,  Culic.  i.  p.  171,  1901.  India,  Mala  v. 
(Type.) 

2.  N.  thcobaldii.  Giles,  Ent.  Mon.  Mag.  p.  198,  1901.  India,  Aden 
hinterland. 

3.  X.  stephensii.  Liston  (  =  nietaholes  Theob.),  Ind.  Med.  Gaz.  36.  p.  12, 
^ec.  1901.     India. 

4.  N.  fuliginosus.  Giles,  Hbk.  Gnats,  p.  160,  1900.  India,  Fed.  Malay 
States. 

5.  N.  maculipalpia.  Giles,  ibid.  2nd  ed.  p.  297,  1902.  India,  Mauritius, 
^^d  Mashonaland. 

6.  N.  pretoriensie.     Theobald,   Mono.   Culic   iii.  p.  99,    1903.      Pretoria  ; 

7.  N.  witmorii.     James,  ibid.  iii.  p.  100,  1903.      Kaslimir,  Malay. 

8.  N.  karwarii.     James,  ibid.  iii.  j).  102,  1903.     Karwar,  Goa,  and  Malay. 

9.  N.  annulipes.     Walker,  Ins.  Satmd.  i.  p.  433,  18.50.     Australia. 

^'>.  N.   masterii.      Skuse,   Proc.    Linn.  Soc.   K.    S.    ]rafes,   \\    1757,    1889. 
-^'^s-ralia. 

11.  N.  nivipes.     Theobald,  The  Entomo.  p.  258,  1903.      Fed.  Malay  States. 

12.  X.  jamesii.     Theobald,  Mono.  Culic.  i.  p.  134,   1901.      South   India  and 

)3.  X.  philippinensis.      Ludlow,  Joum.  N.  •York  Ent.   Soc.   x.   p.  128,  1902. 
'^i^ippine  Islamls. 

Genus  Cellia.  Theobald,  Mono.  Culic.  vol.  iii.  p.  107,  1903. — The 
T^y^n  species  of  this  genus  all  present  similar  characters,  the  most  marked 
^''^g  the  more  or  less  densely  scaled  abdomen  with  dense  lateral  tufts  ; 

•J^  abdominal  scales  may  be  longish    narrow-curved  ones    or   spindle 
Reaped  ;  the  thorax  has  many  flat  spindle-shaped  scales,  and  the  wings  are 
^^Hsely  scaled.      The  dense   irregular  abdominal    scales   arc  the    most 

^rked  character.     Two  or  three  species   prove    efficient  hosts  for   the 

^larial  parasites  (C. pharoensis ;  C.  argyrofarsi.%  and  probably  C.  alhirnftnns). 
The  larvae  live  in  pools  and  water-courses,  canfils,  roadside  puddles, 

^nd  any   open   water.      Some,  as   C.   kochii,  are   most  abundant  in   the 
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vicinity  of  habitations.      The  adults,  as    seen  in   C*.  pharoei^is  and  C*. 
pulcJierrima^  are  found  in  houses,  barracks,  and  native  huts. 

The  genus  occurs  in  Asia,  Africa,  South  America,  and  the  West  Indies. 
The  following  have  been  described  : — 

1.  C.  pharoensis.  Theobald,  Mon.  Culir.  i.  p.  169,  1901.  Africa  (West. 
East,  Central,  and  Northern).     (Type.) 

2.  C.  pulcherrima.  Theobald,  Proc,  Roy,  Soc.  L(/tid.  Ixix.  p.  369,  1902, 
India. 

3.  C.  squamosa.     Theobald,  Mon.  Culic.  i.  p.  167,  1901.     Africa  generally. 

4.  C.  kochil  Donitz,  //w.  Borsfy  v.  p.  18,  Jan.  31,  1901.  Federated 
Malay  States,  Sumatra,  Java,  Philippine  Islands. 

5.  C.  argyrotarsis.  Robineau-Desvoidy,  Essai  sur  Us  Culicid,  p.  411,  1827. 
"West  Indies  and  South  America  and  South  of  North  America. 

6.  C.  albimanus,  Wiedemann,  Mon.  Culic,  i.  p.  125,  1901.  Wert 
Indies,  British  Guiana,  Brazil. 

7.  C.  bigotii.     Theobald.  Mono,  Culic.  i.  p.  135,  1901. 

Genus  Aldrichia.  Theobald,  Mono,  Culic,  iii.  p.  353,  1903.— This 
is  the  most  marked  Anopheline  genus,  and  can  at  once  l^e  told  by  the 
abdomen  being  completely  covered  with  flat  overlapping  scales  as  in 
Culex.  The  thorax  has  narrow-curved,  almost  hair-like  scales,  and  fl*t 
outstanding  ones  to  the  prothoracic  lobes. 

Nothing  is  known  of  the  single  species  A.  error  (Theobald,  AfoR. 
Culicid.  iii.  p.  353,  1903),  Avhich  was  taken  in  India.  The  species  wa« 
plciced  as  one  of  the  tffpes  of  Giles*  rossii  ! 

Genus  Biuonella.  Theobald,  Ann,  Mus.  Xiit.  Hung,  iii.  p.  69,  1905. 
— In  this  genus  the  meso thorax  has  numerous  short  curved  hairs,  abdomen 
nude  and  hairy,  head  with  upright-forked  scales  of  two  kinds.  The  first 
fork-cell  in  the  male  is  reri/  small,  with  its  stem  at  leajst  four  times  the 
length  of  the  cell,  the  second  posterior  much  larger  thain  the  first  sub- 
marginal  cell.  The  most  marked  feature  is  the  wing  venation.  The 
male  only  is  known,  and  but  a  single  species,  B.  graciiis  Theobald  {Af^ 
Mus,  Xaf,  Hung,  iii.  p.  69,  1905),  found  in  New  Guinea. 

Genus  uncertain 

Some  nineteen  species  (?)  have  been  described  in  such  a  way  th»^ 
their  generic  position  cannot  be  determined.  Probably  several  of  thes® 
are  invalid  species  : — 

Anophek^s  marliuii.      Laveran,  C.  r.  Soc.  hiol.  Paris,  liv.  p.  907,  1902. 

A.  antenuatus.      Beckei,  Miff.  ans.  d.  Zool.  Mus.  in  Berlin,  ii.  p.  68,  190^- 

A.  bi'achypus.      Dunitz,  Zcip.  I  [yd.  p.  .")2,  1903. 

A.  maculicostus.      I>eckcr,  M.  a.  d.  Zool.  Mus.  ii.  p.  69,  1903. 

A.  multicolor.      Cambonliu,  C  11.  Acad,  des  Science,  cxxxvi.  p.  704,  190^* 

A.  vincentii.      liiiveran,  C.  r.  Soc.  hiol.  Paris,  Hit.  p.  993,  1901.      Tonki*^- 

A.  fiuautii.     Lav»tran,  ibul.  liv.  p.  908,  1902.      New  Hebrides. 

A.  pursatii.      Laveran,  ibid.  p.  900.      Cambodia. 
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K.  pictUK.     Umv,  Dip,.  BeilT.  p.  4,  1845. 

A.  iKyiBorb^nclins  I)  ^<^eplor.     D<jniK,  Zeitxkr.  f.  Hinj-  xli,  1903. 

A.  (U^zoiayis  f)  impiinclus.     Donitx,  ibid. 

A.  <;P7ivtophorus?)  iiienis.     Diinitz,  ifcW.  p.  77. 

A.  annuliniuiua.     Vaii  der  Wulp,  Tijdtidi.  p.  A'n(oiiio.  x.  p,  130,  1867. 

A.  Bniiii lips] pis.      Arrtbdlzago,  Nattiraliita  Argttit.  p.  149.  I.   1S78. 

L  {MjrxorhrnchuB  I)  zienmnnii.    Griii»l«i^,  Zool.  Anzevjer,  xxv.  p.  877,  1902. 

i.  (Anopheles  J)  eisenii.     Coquillett,  Jov.r«.  N.  V.  Eni.  Soc.  x.  p.  192,  1902, 

t'olotiel  Giles  also  describes  a  damaged  Bpecies  as  J.  jiitchfordii  from- 
ZiiliilamI  that  is  not.  valid  {Hevmon  of  AnopkeUnir,  p.  34,  4,  1904). 

Tbe  CulJcioK  are  those  niosqiiitoes  which  have  a  slraight  proboHcia ; 

'iiort  palpi  in  the  females,  long  in  the  males ;  the  nietanotum  is  nude, 
ami  they  have  only  six  scaled  longitudinal  veins. 

There  are  thirty-five  very  distinct'  genera,  which  can  easily  be  dis- 
'mguished  by  the  squamosc  ornamentation  of  the  head,  thorax,  legs,  and 

In  this  important  group  comes  the  yellow-fever  bearer,  Stegmnyia 
j'isiila,  and  true  Ciilex,  which  are  intimately  connected  with  filariasis. 

There  are  several  gentra  {Mackayi,  Sctilotni/Ut,  etc.)  cloeely  related  to 
■*i?umjKt,  but  at  present  none  have  Ijeen  found  to  l>e  connected  with 
•\\Kiae. 

The  old  genus  Culex  contained  all  manner  of  diverse  forms,  but  has 
''V'^  Tvcently  diinded  into  many  genera,  stjuamose  chiiractera  again  being 
'"und  10  Ije  the  only  trustworthy  ones.* 

All  the  larvae  have  long  siphons,  but  there  is  considerable  variation 
'"  regard  to  general  length  in  many  of  the  genera.  As  a  rule  each 
SCBUs  has  sylvan  and  domestic  species.  The  larvie  are  found  in  all 
fMnnernf  eoUectiona  of  water;  several  (Mucitlm  spp.,  f.'ulex  marinm,  etc.) 
'-'"  live  in  the  sea  and  even  brine  pools.  The  most  important  genera 
'""Ivare  mentioned  here,  the  reader  being  referred  to  my  monograph  (20) 
,  ''>'  fnrther  details. 

Genus  Thkobaldu  Neveu-Lesiaire. — The  members  o(  tbia  genus 
often  confused  with  the  true  Anopheles  because  tbe  wings  are 
•^iiienlly  spotted  with  dark  groups  of  scales,  which  may  or  may  not  be 
r  pronounced.  The  type  is  T.  annulata  Schrank,  which  bears  a 
■wficial  resemblance  to  Anophrles  maculipennk  Meigen,  but  can  at  once 
y  its  banded  legs.  The  scales  on  the  head  (except  the  sides)  are 
Ti>ir.curved  and  upi'ight-forked  ones,  those  on  the  scuteltum  narrow 
The  palpi  of  the  males  are  longer  tlian  the  proboscis  and 
,  those  of  tbe  female  prominent,  but  much  shorter  than  the 
:is.  The  spotted  wings,  clavate  male  palps,  and  large  lanceolate 
■"■"ales  render  them  very  distinct  from  other  Culicines     The  species 
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belong  to  temperate  climates,  when  they  occur  elsewhere  they*  aw 
usually  found  in  hill  regions,  but  recently  T.  spathipalpLs  Kondani  has 
made  its  appearance  at  Khartoum  and  the  Cape,  and  is  found  in  abund- 
ance at  Madeira  and  TenerifFe,  and  also  in  Algeria,  Gibraltar,  and 
Morocco.  The  six  species  are  domestic,  and  hence  are  easily  spread 
artificially  by  rail  and  boat.  They  all  bite  very  viciously,  and  frequentlj 
cause  nasty  wounds  at  night,  when  they  are  most  active.  Two  of  the 
commonest  species,  annidata  and  spathipalpis,  are  of  frequent  occurrence  in 
privies. 

The  larvae  have  a  short,  rather  thick  siphon,  and  are  found  in  rain- 
water barrels,  etc.  The  adults  hibernate  during  the  winter  in  cellars, 
outhouses,  and  dark  places.  The  males  die  off  in  the  autumn  after 
having  fertilised  the  females. 

The  following  species  exist : — 

1.  Theobaldia  annulata.     Schrank,  Beitr.  Natur,  p.  97.  70,  1776.     Europe 

India  (Punjab),  North  America,  and  ?  Mezica     (Type.) 
This  is  one  of  the  worst  biting  British  Culicinee. 

2.  Theobaldia  ficalbii,  No6,  Bull.  Soc.  Ent.  Ital.  31,  p.  231,  1890.     Italy. 

3.  Theobaldia  glaphyroptera.     Schiner,  Faun.  Aiistr.  Die  Fliegen.  ii.  p.  628, 

10,  1864.     Austria. 

4.  Theobaldia  iucidens.    Thomson,  Eugen.  Besa.  Dipt.  p.  443.   California  and 

other  parts  of  the  U.S.A.,  New  Mexico. 

5.  Theobaldia  spathipalpis.     Rondani,  Dipt.  ItaL  Pro.  vol.  i.  1886.     Italji 

Mediterranean  Islands,  Gibraltar,  Algeria,  Morocco,  Madeira,  Canarf 
Idlauds,  Cape  Colony,  Sudan  and  Egypt,  and  India. 
A  very  vicious  biter,  frequently  found  in  privies. 

6.  Theobaldia  penetrans.     Desvoidy,  Ess.  Culic.^  1827.      France. 

Genus  Mucidus  Theobald. — This  genus  is  very  peculiar,  owing  to 
the  mouldy-looking  appearance  of  the  insects,  which  have  long  twisted 
outstanding  grey  scales  on  the  head,  thorax,  legs,  and  abdomen.  The 
legs  have  dense  outstanding  scales,  and  the  wings  are  mottled  and  have 
broad  pyriform  or  fan -shaped  scales,  which  are  parti -coloured.  The 
larvae  live  in  lx)th  salt  and  fresh  water,  and  ai-e  carnivorous,  feeding  upon 
the  larvae  of  other  Culicids,  even  large  Toxorhynchus,  and  in  turn  are 
preyed  upon  by  them.  They  have  long  and  thick  siphons.  The  pup« 
have  short,  broad  air- trumpets,  and  no  caudal  fins.  The  adults  Wte 
viciously.  Species  occur  in  Africa  {M.  afiicanus  Theobald,  and  M* 
mucidus  Karsch),  in  Australia  (M.  altermms  AVestwood),  and  in  India  and 
the  East  Indies  (M.  laniger  Wiedemann,  and  ^f.  scatophagoides  Theobald). 
So  far  no  human  disease  has  been  connected  with  this  genus. 

Genus  Mansonia  Blanchard. — This  very  marked  genus  can  at  once 
be  told  from  other  Culicinae  by  the  broad,  flat,  asymmetrical  wing-scalefli 
which  are  mottled.  The  females  frequently  occur  in  enormous  numberi) 
and  bite  most  viciously,  producing  great  irritation.  Swarms  are  found 
along  the  Nile,  making  life  unbearable  at  twilight  and  at  night.  Representar 
tives  occur  in  Asia,  Africa,  North  and  South  Ameiica,  and  Australia,  but 
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tlw  number  of  species  is  few  (seven).  The  larvae  have  a  very  distinct 
tiphon,  with  a  broad  base  and  the  apex  much  coDtnicted,  and  the  pup% 
lute  the  air-tnimpets  long  and  curved  irregularly.  The  ova  are  laid 
KpuKtely,  and  huve  long  tiecka  quite  unlike  those  of  any  other  Culicine. 

Members  of  ibe  genus  way  be  connected  with  filarial  diseases.  One 
t[ied«  (.V,  uni/orniis  Theobald)  occurs  in  Afi'ica,  India,  and  Australia 
llbe  nfrieana  Theobald  and  the  uugtraliema  Giles  are  this  species). 

Three  species  occur  in  South  America,  Southern  North  Ameriot, 
irid  the  West  Indies  {M.  lilallan.''  Walker,  M.  psewtoHHIIans,  and  M. 
amuoitrmsis  Tbeobttld),  three  in  Africa  (M.  uni/wmis,  M.  major,  and  M. 
"iVm  TheobiUd),  and  three  in  Asia  {M.  nnifomtis,  M.  unnuli/ern  Theobald, 
mil  M.  anindipti  Walker). 

Genus  Mklanoconion  Theobald. — These  are  all  very  small  black 
mosquitoes ;  some  of  tliem  bite  very  viciously,  and  owing  to  tbeir  small 
■iu  are  able  to  get  through  ordinary  mosquito  curtains.  The  head  and 
««tellum  have  small  narrow-curved  scales.  The  main  difference  from 
l-'ulei  is  that  the  scales  on  the  apical  portions  of  the  wings  are  small, 
^han,  dense,  and  broad,  and  also  along  the  upper  costal  border,  which  has 
'pine-like  scales  on  the  outer  edge.  The  femora  are  swollen  at  tbeir 
''OK  and  apex,  and  the  tibi^  at  their  apices. 

They  are  both  domestic  and  sylvan,  the  latter  swarming  in  swamps 
*id  forests.  The  type  is  M.  alrtilux  Theobidd,  found  in  the  ^\'est  Indies 
^  South  America ;  throe  species  occur  in  South  America,  three  in  the 
West  Indies  (M.  almtut.  M.  spidpes  Theoliald,  Mm.  Culie.  iii,  p.  242 ;  M. 
ynpnlpu/  Theobald,  ibui.  H.  p.  322).  The  lar*-se  have  a  very  long  thin 
■iphon,  and  the  pupse  two  long  thin  air-trumpets. 

The  larvie  occur  in  permanent  pools,  and  neither  minnows  nor  flragoii- 
8y  UrvB  appear  to  destroy  them,  in  spite  of  their  deUcate  nature.  They 
'^  on  algte,  and  are  often  green  in  colour. 

Genus  Grabhamia  Theobald.^  Many  of  these  are  vicious  biters, 
I'lmiucing  painful  wounds.  The  head  and  thorax  have  narrow-curved 
'^"la,  the  former  somewhat  broader  than  in  Culex.  The  wings  have 
'^'tiiar  thick  median-vein  scales,  and  broadish  short  lateral  ones  on  tiie 
'"brostal  veins  and  on  the  major  areas  of  the  upper  ones ;  the  scales,  being 
''l^ck  and  yellow  or  whit«,  give  the  wings  a  ijepper-and-aalt  appearance, 
'"f  fork-cells  are  short,  and  the  wings  short  and  stumpy.  The  eggs  are 
'''^potited  singly,  not  in  rafts,  and  may  bo  laid  on  damp  mud  as  well  iis 
''"  faier.  The  lanie  have  short,  thick  siphons,  and  in  one  species  at 
le^at  ^^g_  jamaic^D^  Tiieobald)  they  lie  parallel  with  the  surface  of 
'"«  water,  but  somewhat  bent  in  the  middle. 

At  lertst  fifteen  s])ecies  are  known ;  the  majority  come  from  Europe 
"I'l  North  America,  one  from  Natal,  arid  another  from  the  Philippine 
'"bnila. 

The  type  is  Grabliamia  jamaieenm  Theobald  (Mono.  Culie.  ii.  p.  Mb, 
|9fl),  trbicb  occurs  in  North  America  and  Jamaica. 
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GrablMmia  dorsalis  Meigen  (St/sf,  Beschr.  zweifl.  Ins,  iv.  p.  242,  1818) 
is  the  most  abundant  European  species,  and  bites  very  ravenously  at 
night,  esi)ecially  along  the  valley  of  the  Thames  and  Medway  and  on  the 
eastern  coast  of  Britain.  The  larvie  breed  in  pools  and  dykes,  and  are 
found  especially  in  those  with  muddy  banks.     The  adults  do  not,  as  a 

rule,    occur  indoors,  but  (?. 


speiicei'ii  Theobald  {Mom. 
Cidic.  ii.  p.  280)  is  an  indoor 
pest, — a  variety  {idahosnsU 
Theobald)  is  so  small  that 
it  readily  crawls  through 
ordinary  mosquito  nets. 

Genus  Stegomyia  Theo- 
bald. After  the  Anopheline 
the  next  most  important 
group  is  Skgomyia  and  some 
allied  genera. 

This  genus  differs  mark- 
edly from  Culex  in  genenl 
appearance.  The  species  are 
all  small,  dark  insects  with 
silvery  markings,  and  manj 
have  their  legs  banded  witli 
white.  They  are  often 
called  Tiger  Mosquitoes. 
The  importance  of  the  genos 
is  that  it  contains  the  yellow- 
fever  carrier,  Stegoniyia  fas- 
ciafa,  at  present  the  only 
species  known  to  be  im- 
plicated. There  is,  however, 
no  reason  to  imagine  that 
the  others  are  not  capable  of 

Fk;.  9(i.— Cephalic  and  Wciit<?llHr  Characters.     /I,  Culex;/*,     ,  ....  .,        j.  * 

Anoph.l.-s:  ^^  Stejiomyia;  D,  Danielsia;  /!:,  Macleaya;    transmitting    the    OlSeaSe^    80 
/••,  Scutoniyia;  r;,  Finlaya;  //,  Miinomyia.    ^.j, /i.,,un(l    4.u„f     flipiV    distrihiitinn    ifi  & 

(.,.«ide  viHwaof^.fi,  aiidc.  ''"**'^    wieir  aisi.riDuuon  IS  » 

matter  of  importance.  The 
characters  of  the  genus  are  as  follows : — Head  entirely  covered  with 
flat  scales  and  some  upright -forked  ones.  The  palpi  of  the  female 
arc  short  and  small ;  in  the  male  they  are  long  and  thick,  with 
scanty  hair -tufts.  The  thorax  has  narrow -curved,  or  almost  spindle- 
shaped  scales,  except  the  scutellum,  which  has  always  dense  flat  scales.  The 
combination  of  head  and  scutellar-scale  structure  are  the  main  generic 
features.  The  wings  have  rather  short  fork -cells,  and  the  scales  are 
brown  and  dense,  those  on  the  apices  of  the  veins  especially  so ;  they  are 
broader  than  in  a  typical  Culex.  The  ornamentation  of  the  thorax  is 
very  variable,  and  most  species  can  be  identified  by  these  markings  alone. 
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Some  are  very  vicious  biters,  and  invade  houses  in  great  numbers ;  others 
are  mainly  sylvan.  They  bite  both  by  day  and  night.  The  larvae  have 
short  thick  siphons,  and  are  found  in  barrels,  cisterns,  artificial  pools,  and 
even  in  such  small  collections  of  water  as  those  found  in  jam-pots, 
calabashes,  and  empty  sardine  tins. 

The  ova  are  deposited  singly,  not  in  rafts,  and  are  black  and  oval, 
surrounded  with  a  series  of  small  air-chambers.  The  ova  can  withstand 
long  desiccation  ;  some  of  S.fasciata  sent  to  me  from  Cuba  hatched  out — 
after  having  been  left  in  a  dry  test-tube  for  two  months — when  placed  in 
tepid  water  in  less  than  twenty-four  hours. 

There  are  at  present  known  to  be  seventeen  species  in  this  genus, 
which  occurs  in  tropical,  subtropical,  and  the  warmer  temperate  regions 
only,  roughly  speaking  to  about  iO*^  on  each  side  of  the  equator.  Seven 
species  occiu*  in  Asia,  six  in  Africa,  two  in  Australia,  two  in  North 
America,  and  one  in  the  Philippine  Islands.  The  following  are  the  more 
important  species : — 

Stegoniifia  fasciaia  Fabricius. — This  so-called  Tiger  Mosquito — the 
yellow-fever  carrier — has  been  described  under  no  less  than  eighteen 
different  names.  The  reason  for  this  is  not  always  clear,  as  one  authority 
(Walker)  described  it  as  seven  separate  insects.  This  species  can  at  once 
be  told  by  the  thoracic  adornment.  The  thorax  and  the  whole  ground 
colour  of  the  insect  is  deep  blackish-brown ;  the  thorax  has  two  median 
parallel  yellow  scaled  lines,  and  on  each  side  of  them  a  curved  silvery 
white  line  ;  the  dark  abdomen  has  a  basal  white  band  on  each  segment, 
and  the  black  legs  have  basal  white  bands.  Three  distinct  varieties 
occur;  one  (the  CtUex  mosquito  of  Arrib^lzaga)  has  no  median  parallel 
thoracic  lines  ;  the  second  (luciensis  Theobald)  has  the  last  hind  tarsal 
all  white ;  and,  thirdly,  queenslamlensis  Theobald,  in  which  the  abdomen 
has  basal  and  apical  pale  bands  and  many  white  scales  over  the  whole 
abdominal  surface.  This  insect  was  first  described  by  Fabricius  {Syst, 
And,  36.  13.  1805)  as  Culex  fasciatus.  It  was  raised  to  generic  rank 
owing  to  scale-structure  in  1901  {Mano.  Culic,  I.  p.  283). 

It  breeds  in  all  manner  of  places  close  to  and  in  man's  habitations, 
such  as  rain-water  barrels,  cisterns,  tanks  on  steamei-s,  water-jugs  indoors, 
water  collected  in  pots  and  pans,  old  sardine  tins  and  calabashes,  and 
when  forced  to  in  pools  and  dykes. 

The  Tiger  Mosquito  bites  chiefly  between  the  hours  of  1  and  3  p.ini., 
but  also  at  night  It  is  attracted  to  dark  colours,  choosing  such  to  rest 
upon,  and  attacks  people  dressed  in  dark  clothes  much  more  than  those 
in  pale  garments. 

It  rests  and  shelters  in  curtain  hangings,  dark  clothing,  and  corners 
of  walls  during  the  early  part  of  the  day.  The  males  have  been  s«ai(l  to 
bite  (Ficalbi),  but  this  is  not  so.  Both  males  and  females  feed  upon 
bananas  ;  and  in  this  way,  having  been  attracted  by  them,  they  are  carried 
during  the  transit  of  the  fruit  abroad. 

The  distribution  is  very  wide ;  the  following  are  localities  from  which 
it  has  been  recorded  : — Europe — Southern  Italy,  Spain,  Portugal,  Greece, 
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Malta.  Asia — Ceylon,  Elastern  Hindoostan,  Malay  Peninsula  (certain 
ports,  but  not  inland),  Siam  (one),  Southern  Japan,  Palestine.  Africa— 
West  Coast,  Senegambia,  Freetown,  Lagos,  Nigeria,  Old  Calabar,  Uganda, 
Sudan,  and  down  the  Nile  into  Egypt  and  along  the  Suez  Canal,  Gibraltar, 
Algeria,  and  Morocco.  Audralia  generally,  abundant  in  the  uplands  of 
Victoria,  and  in  Queensland  ;  at  Port  Darwin,  South  Australia.  Eastern 
Archipelago — Java,  Sumatra,  British  New  Guinea.  Sovih  Antrim— 
British  and  French  Guianas,  down  through  the  Brazils  to  the  Argen- 
tine; Ecuador,  Peru,  Chila  In  Central  America  at  Panama,  Costa 
Kica,  British  Hondiu*as,  Nicaragua,  Guatemala,  and  in  Mexico.  Notik 
America  —  in  Missouri,  Indiana,  North  Carolina,  Maryland,  Anzona, 
South  Carolina,  Texas,  Florida,  Georgia,  Alabama,  Mississippi,  Louisiana, 
Arkansas,  Tennessee,  Illinois,  Kentucky,  Virginia.  IFest  Indies — Jamaica, 
St.  Lucia,  Cuba,  Haiti,  Antigua,  Grenadine  Islands,  Montserrat,  Dominica, 
Barbados,  Trinidad,  Caymans,  Nevis,  St.  Kitts,  Bahamas.  Oceanic  Islands 
— Madeira  and  TenerifFe,  Seychelles,  Philippine  Islands,  Fiji,  Samoa, 
Sandwich  Islands,  most  of  the  South  Pacific  Islands  (Pitcaim,  etc.),  St 
Vincent, 

Stegamyia  fasciata  readily  travels  by  boat  and  train,  and  in  this  \ray 
its  very  wide  distribution  can  be  explained.  Fortunately  its  breeding 
haunts  are  in  and  around  man's  habitations,  and  hence  the  larvae  can  be 
stamped  out  more  easily  than  in  the  case  of  the  Anophelinse.  The  bene- 
ficial results  of  destroying  this  insect  have  been  seen  in  Havanna,  where 
yellow  fever  has  consequently  ceased  to  be  a  scourge. 

The  Asiatic  Stegomj/ian  (S.  scutellaris  Walker). — This  species  is  ver)' 
closely  related  to  S,  fasciata,  and  resembles  it  in  general  shape  and  colora- 
tion ;  but  it  can  at  once  be  told  by  having  one  median  silvery  white  line 
on  the  mesothorax.  Its  distribution  is  confined  to  Asia  and  some  Oceanic 
Islands.  The  following  are  localities  where  it  has  been  recorded:— 
Ceylon,  Sombalpur,  Central  Provinces,  Calcutta,  Madras,  Naini  Tal, 
Canara  district,  Goa  in  India ;  Penang,  Perak,  Singapore,  Selangor,  Upper 
Burma,  Kwala  Lumpur  in  Malay ;  Siam,  Christmas  Island,  Amboina, 
Celebes,  North  Borneo,  British  New  Guinea  in  the  East  Indies ;  Hong 
Kong,  Foo  Chow,  and  Shaohyling  in  China ;  Formosa,  Japan,  Mauritius, 
Fiji,  Victoria,  Seychelles,  Philippine  Islands,  Samoa.  To  these  different 
islands  it  has  probably  travelled  by  boat. 

Strictly  speaking,  this  insect  is  a  sylvan  one.  The  larvae  are  found 
in  small  dark  holes,  in  wells,  in  hollow  trees,  in  empty  cocoa-nut  shelh^ 
and  in  cut  bamboos.  They  feed  upon  rotting  leaves,  and  revel  in  the 
(lark.  Nevertheless  they  become  domesticated  in  large  numbers,  especi- 
ally where  extensive  growths  of  jungle  and  forest  have  been  cleared  for 
habitations,  and  may  then  be  found  breeding  in  tubs,  water- jugs,  cisterns, 
inside  houses  as  well  as  in  any  receptacles  of  water  inside.  The  bite  is 
most  irritating,  and  when  they  have  once  found  out  a  person  they  wiU 
follow  him  out  of  the  dark  forest  or  jungle  into  the  bright  sunlight  As 
it  is  so  closely  related  to  the  yellow-fever  carrier  its  habits  and  dis- 
tribution are  of  great  importance,  for  there  is  no  reason  to  doubt  that 
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might  not  play  the  same  r6le  if  yellow  fever  were  introduced  into 
lia. 

The  other  members  of  the  genus  are  not  so  important,  being  neither 
abundant  nor  of  such  wide  distribution.     They  are  as  follows : — 

3.  Stegomyia  africana.    Theobald,  Mm.  Culic.  i.  p.  304,  1901.     West  and 

Central  Africa. 

4.  Stegomyia   thomsonii      Theobald,    Genera   Ins.    Culic.   p.    18,    1905. 

N.W.  Provinces,  India. 

5.  Stegomyia  grantii.     Theobald,  Mon.  Culic.  i.  p.  306,  1901.     Sokotra. 

6.  Stegomyia  nigeria     Theobald,  idem,  i.  p.  303.     Bonny,  West  Africa. 

7.  Stegomyia  crassipes.     Van  der  Wulp,  Dipt.  Mid.  Sum.  p.  9.     Burma 

and  Soeroelangoen. 

8.  Stegomyia  argenteopunctata.     Theobald,  Mon.  Culic.  v.  p.  316,  1901. 

Mashonaland. 

9.  Stegomyia  punctolateralis.     Theobald,  Entomologist,  36,  p.  156,  1903. 

Queensland. 

10.  Stegomyia  signifer.    Coquillett,  Canad.  Ento.  xxviii.  p.  43,  1896.    North 

America. 

11.  Stegomyia  amesii.     Ludlow, /owm.  N.  York  Ent.  Soc.  p.  139,   1903. 

Philippine  Islands. 

12.  Steijomyia  W-alba.     Theobald,  Ann.  Mas.  Nat.  Hung.  iii.  p.  74,   1905. 

India 

13.  Stegomyia  pseudonivea     Theobald,  idem,  p.  75.      Singapore. 

14.  Stegomyia    simpsonii.       Theobald,    Entomologist,    38,    p.    224,    1905. 

TransvaaL 

15.  Stegomyia  powerii.     Theobald,  Journ.  Econ.  Bio.  i.  p.  19,  1905.     Natal. 

16.  Stegomyia  annulisostris.     Theobald,  Journ.  Bomb.  Nat.  Hist.  Soc.  xvi. 

p.  239,  1905.     Ceylon. 

17.  Stegomyia  mediopunctata.      Theobald,  idem,  p.  240.     Ceylon. 

18.  Stegomyia    (?)   brevipalpis.      Giles,  Handhk.    Gnats,    2nd   ed.    p.    384. 

N.W.  Provinces,  India. 

There  are  many  genera  closely  allied  to  Stegomyia  and  at  one  time 
deluded  in  it,  such  as  Skusea,  Madeaya,  Scutomyia,  etc.,  but  although 
hen  abundant  species  are  found  they  do  not  call  for  any  special  com- 
aent     The  reader  is  referred  to  works  on  the  Culicidce  for  full  details. 

Genus  Culex  Linnaeus. — Formerly  all  mosquitoes  with  long  male 
^p8  and  short  female  palps  were  included  in  this  genus.  A  large 
number  have  been  excluded  recently  on  the  grounds  of  their  totally 
"fferent  scale-structure  and  habits.  Separated  on  scale-structure  alone, 
•^ny  of  the  different  genera  have  been  found  to  have  different  ova, 
^^,  pup«,  and  habits  (Stegomyia,  Scutomyia,  Mucidus,  Desvoidea, 
^y  Yet  there  still  remain  many  species  in  Culex  that  will  have  to  be 
deluded  on  further  study. 

At  present  about  two  hundred  and  fifty  species  are  placed  in  Culex. 
i^te  half  of  these  must  be  removed,  and  the  genus  retained  for  those 
^es  only  that  are  related  to  Culex  pipieiis  Linnaeus,  upon  which  the 
^us  was  founded.     The  characters  of  true  Culex  are  as  follows  : — 

Head  clothed  with  narrow-curved  scales  above,  flat  ones  at  the  sides 
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and  with  upright-forked  scales ;  the  male  palpi  are  long  and  end  acumio- 
ately,  those  of  the  female  are  short ;  the  thoracic  squamae  are  all  either 
narrow-curved  scales,  or  hair-like  curved  scales,  there  being  no  flat  scales 
except  on  the  pleurae.  The  fork-cells  are  moderately  long,  and  the  lateral 
vein-scales  are  linear.  The  male  genitalia  have  a  leaf-like  lateral  process. 
One  only  has  ornamented  wings  {Culex  miineticus  Noe)  which  resembles  a 
Myzomyia  in  general  appearance.  The  genus  is  world-wide.  Some  are 
purely  sylvan,  others  entirely  domesticated.  The  sylvan  species  lay  their 
eggs  in  pools,  streams,  crab  holes,  now  and  again  in  tubs  and  barrels, 
whilst  the  domestic  forms  breed  close  to  and  in  man's  habitations.  Not 
many  species  of  true  Culex  are,  however,  domesticated.  The  most 
important  species  medically  are  the  following  : — 

( 1 )  The  Tropical  Household  Brown  Mosquito — Culex  fatigans  Wiedemann. 
— Like  Stegomym  fasciaia  this  gnat  has  a  very  wide  distribution.  It 
varies  very  much  in  size  and  colour,  and  in  the  relative  lengths  of  the 
fork-cells  of  the  wings.  There  are  several  closely  related  species,  bat 
they  can  easily  be  distinguished  by  the  shape  of  the  thoracic  scales,  by 
the  thoracic  and  abdominal  ornamentation,  the  leg-banding,  and  the 
ungues  and  male  genitalia. 

The  typical  Culex  fatigans  has  a  more  or  less  uniformly  scaled  thorax, 
the  scales  being  various  shades  of  golden  and  golden-brown.  Two  more 
or  less  distinct  dark  parallel  median  lines  are  noticeable  on  the  mesonotum, 
and  the  abdomen,  which  is  deep  brown  and  clothed  with  brown  scales, 
has  either  creamy  or  creamy- white  basal  bands  to  all  the  segments  and 
in  addition  basal  white  lateral  spots.  The  legs  are  uniformly  brown,  the 
female  ungues  equal  and  simple,  the  fore  and  mid  male  ungues  uneqoalr 
and  both  uniserrate,  whilst  the  hind  are  equal  and  simple.  The  wings 
have  uniform  brown  linear  lateral  scales,  the  first  fork-cell  is  always 
longer  than  the  second,  its  stem  variable  in  length,  but  never  as  short  a* 
one-fourth  the  length  of  the  cell. 

The  females  lay  their  eggs  in  masses  or  rafts  in  rain-water  barrebr 
tubs,  tins,  cisterns  indoors,  even  in  water-jugs  and  almost  any  artificial 
receptacles ;  they  also  place  them  in  irrigation  canals,  fountains,  cesspool* 
and  wells  near  houses.     As  many  as  two  to  four  hundred  eggs  are  \M 
in  each  raft,  and  they  may  take  from  sixteen  to  twenty-four  hours  to 
hjitch.     The  larvae  have  a  moderately  long  siphon,  and   may  mature  it» 
six  or  seven  days  in  warm  climates.     They  feed  off  algae  and  water-plant»» 
and  frequently  come  to  the  surface  to  breathe.     The  pupal  stage  laat^ 
from  twenty  to  fifty  hours.     Many  generations  may  occur  in  a  yeari** 
tropical  climates  and  two  or  three  in  subtropical  regions. 

The  dl<trihution  of  Culex  fatigans  is  very  similar  to  that  of  Stegowf^ 
fasciafa  ;  the  following  are  recorded  localities  : — 

Europe. — South  Italy,  Portugal,  Spain,  probably  all  Southern  Europe  ; 
the     Mediterrane<in    Islands.      Asia. — Apparently    widely    distribute! 
Africa. — General.     North   America. — Up    to  New   York   State.      Sc^ 
America. — Brazils,   Argentine,   Chile,  Peru.       JFest  Indies, — In   all  the 
islands.      Australia. — Almndant   along    the    littoral,    spreading   inland 
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Most  (kfotiic  Jslajuls.  Roughly,  it  occurs  between  40°  on  each  side  iif 
tbe  equ&tor,  and  to  a  slight  extent  jiist  outside  this  limit.  None  have 
leen  found  ia  Northern  Europe  or  in  Canada.  In  northern  latitudes  the 
iftaa  is  represented  by  i\ilfx  jiijnens  Linn.,  and  C'w/cj-  nigrijfs 
i!ellcrst«dt.  The  meana  of  dispersal  are,  as  in  the  case  of  Stegomyiii,  by 
hoHti  und  trains.  It  wiis  noticed  by  Skuse  that  t'«/(x  dliaiin  (i.e. 
Inligiiitf)  advanced  into  Australia  with  the  railways.  It  is  well  known 
ibt  it  is  a  passenger  on  board  ship.  The  prejinant  female  can  remain 
>bvc  for  some  months,  and  so  may  land  hundreds  of  milos  away  from  its 
original  home  and  start  a  ealony. 

It  is  Cuiar  /alii/itns  that  is  the  main  intermediate  host  of  Fil'irin 
ifiicni/li,  etc,  and  it  also  is  the  supposed  distributer  of  dengue. 

The  Narlhem  Hi/usekold  Bnmm.  CuUx. — Cider  pipieni;  LinniPus  is  very 
fioMly  related,  but  is  usually  lai^er,  and  can  at  once  be  told  by  the  stem 
of  the  first  fork-cell  being  'wy  small  and  constant  in  length,  never  moi* 
<hn  one-fifth  the  length  of  the  celt.  The  lana  hns  also  a  much  longer 
"ipW  iban  in  C.  futujaim. 

{'aUx  pipuns  ia  also  a  household  species.      It  breeds  in  similar  places 

ihe  former,    but  unlike  it,   it  is  not  always  a  blood-sucker  in  all 

"  ies.     At  certain  seasons,  in  certain  areas,  it  is  very  vicious,  in 

seasons  or  other  areas  it  will  not  bite  man  at  all.     It  will  feed 

oiher  insects,  fruit,  nectar  nf  shallow  flowers.     The  adult  females 

epialed)  hibernate  in  cellars,  outhouses,  and  any  dark  comers. 

Cdi-j  pipirns  (wcurs  over  most  of   Europe,   especially  the  northern 

niries ;    it  is  found  in  Egypt,  Algeria,  Morocco,  Madeira,  Tcncriffe, 

'iic  northern  United  States,  Canada,  and  recently  it  has  been  found  in 

''^l>e  Colony,  doubtlces  carried  in  transports  during  the  Boor  War,  with 

^Mi'IiKii  tjtalMjKilpU. 

fienus  T^NioRHYNfHUH  Arribitlzaga. — The  only  point  of  importance 
'•'  i»r  proved  about  this  marked  genus,  which  is  frequently  mentioned  in 
"■"rb  on  mosi|uitoes  and  disease,  is  that  many  are  vicious  biters.  The 
-^noB  is  very  distinct,  being  easily  separated  from  the  last  by  the  wiiig- 
■f'tw  being  broadly  elon^ted  with  tnmcated  or  semi-acute  apex,  and 
'I'litr  of  moderate  length  or  very  long ;  the  wing-scales  are  always  dense. 
IW  are  two  well-marked  groups  in  the  genus  (1)  in  which  the  scales 
■"■f  brown  and  white  or  yellow,  giving  the  wings  a  mottled  appearance, 
'""l  i'l)  the  other  in  which  they  are  mostly  yellow,  or  rarely  brown  and 
'■"■je,  and  the  whole  insect  of  large  dimensions  (7".  nuritfn,  etc.).  The 
"''»of  the  typical  Twniorhynchus — T.  faamUitu* — are  deposited  in  long 
''fip*  ride  by  side  as  in  Culex,  and  are  composed  of  a  large  elongated 
">il  krea,  and  a.  small  round  apical  area.  These  ribbon-like  egg-masses 
're  Terr  chsi-acteristic.  On  the  other  hand,  the  yellow  group  of 
'^'"niorliynchuB  lay  eggs  as  seen  in  T.  fidnas  in  long  strips,  but  the  ova 
"^  pUced  diagonally  side  by  side,  forming  rough  diamond^afaaped  areas 
''""g  tlie  e^-maas,  which  may  break  away  from  one  another  (Goeldi). 
''ii>  is  another  reason  for  separating  them.  (Recently  Goeldi  baa  formed 
'"■  jiCTiua  Chrysoconops  for  them,  i 
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The  siphon  in  true  Tseniorhynchus  larvae  is  similar  to  Mansonia,  that 
is,  it  is  swollen  basallyj  and  much  contracted  apically,  and  very  short 
Species  occur  in  South  America,  Europe  (one),  and  Africa,  and  several  of 
the  yellow  group  (aurites  Theobald,  fiisc^ennattis  Theobald)  in  Africa,  also 
a  closely  related  yellow  form  (fulvus  Wiedemann)  in  South  America,  and 
others  {bre&kellulus  Theobald)  in  Asia,  and  in  Australia  {acei'  Walker). 

The  only  other  Culicine  genus  of  possible  medical  importance  in  con- 
nexion with  disease  is  the  following  : — 

Genus  Acartomyia  Theobald. — This  genus  represented  at  present 
by  a  single  species  is  related  to  (rrahhamia,  but  differs  in  the  head  scale- 
structure.  The  head  is  clothed  with  irregularly  disposed  flat  scales  with 
patches  of  narrow-curved  ones,  and  numerous  upright-forked  scales,  giving 
the  head  a  ragged  appearance.  Otherwise  the  characters  are  much  as  in 
Grahbimia.  The  larvae  have  short  thick  siphons,  and  are  found  in  tbe 
salt-pans  along  the  shore  at  MalUi,  especially  in  fever  areas  (Malti 
Fever).     They  are  very  vicious  biters. 

The  single  species  is  Acartomyia  zammiitii  Theobald,  and  so  far  has 
been  found  only  in  Malta  (vide  Mono,  Culic.  iii.  p.  201,  1903). 

Heptaphlebomyin^ 

The  general  notion  amongst  medical  men  is  that  a  true  mosquito  can 
be  recognised  by  its  six-veined  wings.  This,  however,  is  not  an  absol- 
utely reliable  guide,  because  three  species  are  at  present  described  in  which 
a  definite  seventh -scaled  vein  occurs.  Otherwise,  the  species  much 
resemble  Culex.  They  bite  viciously  in  Madagascar,  where  three  speeieB 
occur  (Ileptaphlehomyia  argenkojmnciata,  and  H.  inonforti  Ventrillon,  and 
another).  One  species  is  also  abundant  in  West  Africa  {H,  simpUz 
Theobald). 

AEDINiE 

Amongst  the  thirteen  genera  of  Aedinae  only  one  need  be  mentioned, 
namely,  Uraiwtcenia.  A  few  of  the  others  are  very  vicious  biters  as 
far  as  we  know  at  present.  The  genus  Deinocerii€S  Theobald  is  limited 
to  the  West  Indies ;  the  larvae  live  in  crab-holes,  and  the  adults  are 
peculiar  in  that  the  second  segment  of  the  antennae  is  very  long. 

Genus  Uranot.^nia  Arribdlzaga.  These  are  all  very  small  mos- 
quitoes, about  2  mm.  long.  The  head  is  clothed  with  flat  scales  and  so 
is  the  scutellum,  but  the  easiest  diagnostic  feature  is  the  extremely  small 
first  fork-cell. 

Some  seventeen  species  are  known,  of  which  eight  occur  in  Sooth 
America  and  the  West  Indies,  three  in  the  East  Indies  and  Malay,  four 
in  Africa,  and  one  in  Australia. 

The  adults  bite  during  the  day  in  grassy  places  and  near  where  they 
breed ;  none  are  known  to  be  domesticated.  The  larvae  occur  in  pods 
and  small  water-holes,  and  have  very  short  siphons,  coming  thus  between 
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the  Anophelinse  and  the  Culicinae ;  they  lie  to  some  extent  in  Anopheline 
fashion  at  the  surface,  but  somewhat  obliquely.  Some  are  coloured  red, 
blue,  and  green  {U,  geometrica  Lutz,  etc.),  others  black  {U.  lovdi  Theobald) 
or  opaque  creamy  white  {U.  pulcherrinia  Arribdlzaga).  The  adults  have 
frequently  beautiful  coloured  scales  on  the  thorax  and  abdomen,  and 
usually  a  brilliant  line  of  scales  on  the  base  of  the  wing.  Possibly  some 
marsh  fevers  may  be  traced  to  them,  as  several  are  very  vicious  and 
persistent  biters. 

Amongst  the  MetanototricJue  there  are  no  foims  of  especial  medical 
interest,  as  far  as  is  known  at  present. 

The  section  is  separated  by  the  character  of  the  metanotum,  which  in 
all  other  Culicidse  is  nude,  whilst  in  this  section  it  has  either  scales 
(usually  flat  ones)  or  distinct  chsetse  upon  it  (Fig.  97,  A  and  B).  This 
at  once  separates  them  from  the  other  mosquitoes.  In  some  this  extra 
scaly  nature  gives  a  brilliant  coloration,  and  even  the  chaetee  give  the 
,  gnat  a  very  distinct  appearance.  There  are  two  groups  of  them,  according 
to  Lutz's  classification,  (a)  the  Hyloconopinse,  in  which  the  males  have 


Fig.  97.— Scutella  and  Metanota  of  A  and  B,  Metanototricha; ;  C,  of  M»»tanotopsila^ 

long  palpi  and  the  female  short,  and  (b)  the  Dendromyinse,  in  which  the 
palpi  are  short  in  both  sexes. 

All  known  species  and  genera  of  the  former  group  occur  in  the  West 
Indies  and  in  South  America.  They  are  usually  brilliantly  coloured,  and 
are  all  sylvan  in  habits. 

The  DendromyinsB  contain  one  very  quaint  genus-  -Sahethes  Desvoidy, 
in  which  the  tarsi  of  one  or  more  pairs  of  the  legs  have  the  scales  greatly 
elongated,  forming  distinct  paddle-like  areas.  The  males  and  females  are 
exactly  alike  except  for  genitalia  and  ungues.  These  large  quaint 
S(ibethe.%  are  wood-mosquitoes,  but  they  invade  tents  and  native  huts,  and 
bite  quite  viciously. 

The  other  genera — Wyeomyia  Theobald,  Phoniomijki  Theobald,  De7i- 
dromijia  Theobald — are  small  sylvan  mosquitoes,  which  are  often  very 
annoying  to  travellers  in  the  South  American  forests.  The  last  genus 
is  found  in  North  America  {D,  smifhii  Coquillett),  the  first  in  the  West 
Indies  (/F.  grai/ii  Theobald,  and  W.  pertinans  Williston),  and  in  Ceylon 
(//'.  greenii  Theobald).  They  occur  in  hill  woods  and  forests,  and  bite  very 
viciously  ;  now  and  then  they  come  near  habitations.  When  at  rest  they 
throw  their  hind  legs  right  forward  over  their  bead. 

The  larvae  of  D,  smithii  Coquillett,  live  and  pass  the  winter  in  pitcher- 
plants.     They  are  not  affected  by  repeated  freezing  and  thawing. 
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The  eggs  are  laid  on  leaves  singly  or  in  small  groups,  fastened  to  the 
side  or  floating  on  the  surface.  In  the  late  season  the  adults  lay  their 
eggs  on  new  leaves,  even  if  they  are  dry. 

The  genus  Phomomyia  occurs  in  South  America  and  West  Indies 
{P.  hngirostris  Theobald)  and  in  New  Guinea  (P.  bimacfdipes  Theobald) 
and  in  India  (P.  idica  Theo})ald).  It  can  at  once  be  separated  from  the 
Wyeomyias  by  the  very  long  proboscis. 

The  Dendromyias  occur  in  South  America  and  West  Indies ;  they 
differ  from  the  Wyeomyias  in  having  the  wing-scales  large  and  broad 
instead  of  linear. 

Many  of  these  so-called  wood-mosquitoes  breed  in  bromelias  in  Brazil, 
and  are  a  great  nuisance  in  the  forests  and  swamps. 

The  genus  Limatus  Theobald  is  very  peculiar,  in  that  the  probosda 
is  sharply  elbowed.  One  species  only  occurs  which  bites  viciously  iu 
South  America.  The  larvae  figured  by  Goeldi  have  a  short  siphon, 
gradually  swelling  basally. 

The  "  Phantom  Larvae  "  Gnats  (CorethrinaB)  do  not  bite,  and  although 
pre^iously  included  in  the  Culicidae  they  are  best  separated,  as  they  ha?e 
no  long  piercing  proboscis. 

Frkd.  V.  Theobald. 
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BLOOD-SUCKING  A.\D  OTHER  FLIES  KNOWN  OR  LIKELY 
TO  BE  CONCERNED  IN  THE  SPREAD  OF  DISEASE 

Uj  EUSKST  E.  ArsTEN,  K.Z.S. 

The  t'reatiirea  with  which  we  are  concerned  in  thia  article  ure  niembere 

of  lbs  Order  Diptera,  or  two-winged  Hies,  which  may  briefly  be  defined 

H  insects  with  hut  one  pair  of  wings,  a  thonix  coalesced  into  a  single 

■»!«,  and  mouth-parts  adapted  for  piercing  imd  sucking,  or  for  Buction 

iloiie.    The  preliminary  siages  (larva  and  pupa)  are  in  outward  form 

llt(^ther  dissimilar  to  the  adulta,  and,  as  in  all  other  insects,  the  ferind 

If  ^roifth  is  confined  to  the  larval  stage.     The  latter  fact  is  worthy  of 

since  many  people  appear  to  be  under  the  impression  that  flies 

Mid  to  believe,  when  they  sec  a  fly  apparently  belonging  to  a  species 

<n'tli  vhich  they  are  acijuainted,  but  of   snbnonnal  size,  that  it  is  a 

"young"  specimen.     Itcaimot,  therefore,  be  insisted  upon  loo  strongly 

llut  s  fly  on  emerging  from  its  pupa-case  has  attained  its  full  dimen- 

and  that,  thenceforth,  apart  from  the  expansion  of  the  tissues  that 

hkss  place  shortly  after  leaving  the  pupjirium,  and  a  jiossible  subsequent 

miiun  of  tbe  abdomen  due  to  the  ingestion  of  food  (as  in  many 

1-sucking  flies),  or  the  development  of  ova  in  the  females,  any  increase  of 

Wllk  is  out  of  the  question.     Conse(|uently,  on  meeting  with  what  appears 

'*>  b«  a  diminutive  specimen  of  a  known  species,  it  is  *afe  to  conclude, 

'■ilier  that  the  smallness  of  size  is  due  to  local  or  individual  variation,  in 

'  ^'e  lftit«r  case  usually  the  result  of  a  shortage  of  food  in  the  larval  state, 

'*■  eW  that  the  insect  belongs  lo  a  distinct  species. 

fl'iett  that  are  already  known  to  be  disseminntors  of  disease,  or  that 
'i>ay  sooner  or  later  prove  to  be  so,  are  either  blood-sucking  forms,  or 
"petics  which,  while  incapable  of  sucking  blood,  may  sometimes  act  as 
'Mechanical  living  vehicles  of  infective  matter.  The  species  falling 
■^lliin  the  latter  category  will  be  dealt  with  shortly  in  thr  concluding 
l''>rtion  of  this  article  :  our  immediate  concern  is  with  the  blood-sucking 


> 


Blood-Sucking  Fltos 

-Imong  Diptera  as  a  whole  the  habit  of  feeding  upon  the  blood  of 
'•"Tti-blooded  animals  is  highly  exceptional,  although  in  two  families 
'""lulidie  and  Tabanidie)  it  is  universal  in  the  female  sex,  with  the 
P^We  exception  of  certain  species  of  Pnw/onia.  Apart  from  the  Cnats 
'"■  Moeqoitoes  (Ciilicid(e)  [nW*  Article,  p.  122],  with  which  we  are  not  here 
''""MTOed,  b I oorl -sucking  species  of  flies  occur,  so  far  as  is  known  at 
l"''Vnu  only  in  the  following  families  : — Chironomidse  (midges),  Simulidai 
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(sjind-flies),  Psychodidse,  Tabanidae  (horse-flies,  serut-flies,  etc.),  Leptida, 
Muscidae  (tsetse-flies,  etc.),  and  Hippoboscidae.^  For  the  special  purposes 
of  this  work  it  is  unnecessary  to  consider  any  flies  but  those  that 
reguhirly  suck  human  blood  as  often  as  they  have  the  opportunity,  or  in 
which  the  blood-sucking  habit,  as  affecting  human  beings,  is  sufficiently 
marked  to  have  attracted  the  attention  of  observers.  Consequently  we 
may  safely  ignore  the  Hippoboscidae,  which  are  normally  parasitic  upon 
mammals  and  birds,  and  only  occasionally  stray  on  to  human  beings. 
The  reddish-brown,  horny  flies  of  the  genus  Hippchosca  are  parasites  of 
horses,  donkeys,  camels,  cattle,  and  dogs,  and  few  if  any  instances  have 
yet  been  recorded  of  their  having  bitten  man  ;  but  in  passing  it  may  be 
worthy  of  note  that  in  the  Transvaal  Dr.  Theiler  has  succeeded  experi- 
ment<ally  in  inoculating  cattle  with  Trypanosoma  theilen  by  means  of  the 
common  South  African  Ilippobosca  nifipes  von  Olfers. 

In  all  blood-sucking  flies  the  organs,  by  means  of  which  the  act  of 
sucking  blood  is  effected,  consist  of  a  proboscis,  attached  to  the  under 
side  of  the  head,  with  which  the  wound  is  inflicted,  and  a  muscular 
pharynx  contained  within  the  head,   by  means  of  which  the  blood  ii 
pumped  into  the  insect's  alimentary  canal.     In  the  blood-sucking  Muscidc 
(tsetse-flies  and  their  allies)  the  proboscis  itself,  which  in  these  forms  is 
stift'  and  chitinous,  and  armed  with  a  remarkable  series  of  teeth  at  iti 
extremity,  is  generally  regarded  as  the  piercing  organ.     In  the  case  of 
all  the  other  families  enumerated  above,  however,  the  actual  proboscis  or 
labium  is  soft  and  fleshy,  and  merely  serves  as  a  sheath  to  contain  the 
piercing  chitinous  lancets.     The  full  complement  of  the  latter,  as  seen  ift 
a  female  horse-fly,  sand-fly,  or  midge,  and  taken  in  order  from  above,  is 
as  follows  : — an  unpaired  chitinous  plate,  termed  the  labnim,  or  labrum- 
epi pharynx,  which  closes  in  the  basal  portion  of  the  tube  formed  by  the 
labium,  the  distal  portion  of  the  tube  being  constituted  by  the  labium 
itself;   a  j)air  of  broad  lancets,  or  mandibles,  armed  with  a  minutely 
serrated  cutting  edge  ;   a  pair  of  more  slender  lancets,  or  maxillae ;  and  — j 
lastly,  the  hypopharynx,  a  median  unpaired  tube,  the  terminal  portion  of  — 
the    fused    ducts    of   the    two   sidivary  glands,   whose  outlet  is  at  itsi* 
extremity.     In  the  blood-sucking  Muscidae  the  mandibles  and  maxill«^ 
are  absent,  so  that  in  addition  to  the  proboscis,  or  labium,  we  find  only'^ 
the  labrum  and  hypopharynx.     In  the  phlebotomic  Muscidae  both  mal* 
and  females  suck  blood,  and  the  mouth-parts  in  both  sexes  are  alike ;  bui 
in  tho  case  of  all  the  other  families  with  which  we  are  here  concerned  th 
blood-sucking  habit  is  confined  to  the  female  sex,  and  the  mouth-i>art8  i 
the  males  are  much  reduced.     In  all  forms  a  pair  of  maxillary  palpi 
attiiched   to   the  base  of  the  prol)oscis,  and  these  structures,  soft  an 
much  .swollen  in  many  horse-flies,  are  in  the  tsetse-flies  firm  and  rigid^ 

'  Tlie  Blephanx-eridtt?,  tliough  usually  incluiled  among  tlie  families  of  Diptera  cont»iDiiii^*=^ 
blooil  suckinj?  species,  are  here  omitted,  since  no  member  of  thia  family  has  actually  bee»^ 
observed  tf)  suck  blood.  In  tlic  case  of  the  supj)osed  phlebotomic  form,  the  Briiili*— — " 
f'l'itfpiin  {I'nltostnina)  tomntiuni  F.  Miill.,  suspicion  at  i)re8ent  simply  rests  upon  Fri^^ 
Miiller's  statement  that  a  certain  num>)er  of  the  females  |>o«sess  mouth 'parts  of  tt^"* 
blood-suckiug  type. 
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luraiing  A  protecting  sheath  to  the  proboscis,  to  which  in  life  they  are 
ripptirrl  so  closely  as  to  conceal  it. 

Id  tbe  act  of  sucking  blooit,  the  secretion  of  the  salivary  or  poison- 
f;knds  is  discharged  into  the  wound  from  the  orifice  at  the  tip  of  the  | 
livpapharynz,  and  the  function  of  the  secretion  would  appear  to  be  to  1 
kwp  the  blood  fluid  and  to  slimulatc  ils  flow.  From  the  pharynx  of  the 
liy  the  blood  passes  into  a  large,  thin -walled  crop,  situated  in  the 
unteriiir  piut  of  the  abdomen,  whence  it  is  regurgitated  by  slow  degrees, 
ilirough  a  valvular  organ,  known  as  the  proven  trie  ul  us,  into  the  mid  gut, 
"lim  it  is  gradually  digested.  The  i-eniarkable  discovery,  published  in 
1)04,  that  an  African  Muscid,  which  itself  is  incapable  of  sucking  blood,  has 
IN  active  bloodsucking  larva  will  bo  refen-cd  to  in  greater  detail  on 
]-.  Ifi4, 

Before  proceeding  to  give  a  brief  account  of  blood-suckiug  flies, 
vmi|>cd  under  the  different  families,  aiieh  as.  with  the  help  of  the 
liKiires,  will,  it  is  hoped,  enable  the  reader  to  form  a  correct  idea  of  the 
'iffioities  and  probable  life-history  of  any  species  with  which  he  may  come 
into  contact,  it  seems  advisable  to  devote  a  few  moment«  to  the  con- 
iidfliBtion  of  the  present  state  of  our  knowledge  concerning  the  relation 
'Ktveen  these  insects  and  disease  in  man.  At  the  outset,  then,  it  must 
'is confessed  that  definite  knowledge  is  as  yet  very  limited,  and  that,  apart 
iwii mosfiuitoes,  the  only  bloodsucking  flies  that  have  been  proved  to 
'Iweminai*  disease  in  man  under  natural  conditions  are  the  tsetse-flies  of 
'I'll  species  known  ns  GlosMna  palpalif,  which  has  been  shewn  by  the 
J^Wrches  of  Colonel  Bruce  and  others  to  convey  the  trypanosome  of  sleep- 
ing sickness  in  Uganda.  The  evidence,  such  as  it  is,  tending  to  shew 
"<*t  any  biting-fly  may  oKoskmally  convey  the  bacillus  of  such  a  disease 
*^  malignant  pustule  from  an  infected  animal  to  man  has,  with  much 
*wer  matter  bearing  upon  the  relation  between  insects  and  ticks  and 
'"*«««  in  human  beings,  been  well  summarised  in  Dr.  Nuttall's  valuable 
**iBoir  published  in  1899  (\).  But  the  accidental  direct  transference  of 
—^^Uni  anthraeis  or  any  other  pathogenetic  organism  is  very  different 
^m  what  takes  place  in  the  case  of  malarial  fever,  yellow  fever,  or 
npiiig  sickneK,  where  certain  species  of  Diptera  have  become  the  hosts 
xl  disseminators  of  certain  species  of  parasites.  Anything  beyond  this, 
^^  i*ever,  is,  so  far  as  our  present  k'nowledge  goes,  merely  u  jmssiliiliti/, 
Uhnjgb  in  estimating  possibilities  we  cannot  fail  to  be  influenced  by 
ent  discoveries  relating  to  parasitic  diseases  of  domestic  animals, 
Ich,  in  the  case  of  trypanosomiases  at  any  rate,  are  caused  by 
natoxoa  congeneric  with  Tiyptijufsonm  giinihiense — the  parasite  of 
kypanosoma  fever"  and  sleeping  sickness.  Thus,  in  November  190S, 
was  stated  by  Lieut.- Colon  el  Manders,  R.A.M.O.,  that  in  Mauritius 
Tix  in  horses,  mules,  and  cattle,  which  is  caused  by  Tiypanosoma  evatisi, 
"almost  certainly"  disseminated  by  a  species  of  Slinnu.>j/s  (2).  Surra 
staled  to  have  been  "  introduced  into  Mauritius  from  India  in 
02-3  " ;  in  the  brief  space  of  time  that  has  since  elapsed  it  has  ravaged 
i  islKnd,  and  is  apparently  conveyed   by  the  bite  of  a  local  blood- 
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sucking  fly  of  the  genus  mentioned.  This,  at  least,  points  to  the  possi- 
bility that  some  species  of  Sloinoxys  may  be  a  disease -carrier  in  the  case 
of  man ;  though  it  must  be  noted  that  in  Uganda  recent  attempts  by 
Captain  Greig,  I.M.S.,  and  Lieutenant  Gray,  R.A.M.C.,  to  infect  monkeys 
with  the  parasite  of  "  nagana  "  (tsetse-fly  disease  of  animals),  and  with 
another  species  of  Trypanosoma,  by  means  of  a  species  of  Stomoxys  common 
in  Uganda  proved  negative  (3),  as  did  previous  experiments  by  other 
members  of  the  Sleeping  Sickness  Commission  with  the  parasite  of 
sleeping  sickness  and  the  same  fly.  It  is  believed  by  Dr.  £mile  Brumpt, 
who  is  entitled  to  speak  with  some  authority  upon  the  subject,  that 
Iryjxinosojna  l/rucei,  the  parasite  of  nagana,  which  in  Zululand  and  other 
parts  of  Africa  is  disseminated  by  Glossinu  morsitans  and  Glossirui  pallidipes, 
is  carried  in  addition  by  at  least  three  other  species  of  tsetse-flies ;  and  in 
Uganda,  Greig  and  Gray  (3)  have  proved  that  this  parasite,  as  also  a  third 
species  of  trypanosome,  can  be  conveyed  by  Gl.  paipaliSj  the  disseminator 
of  sleeping  sickness.  In  1904  Brumpt's  studies  led  him  to  believe  that 
sleeping  sickness  may  also  be  transmitted  by  several  species  of  Ghssina  (4). 
Should  this  supposition,  which  is  shared  by  Greig  and  Gray,  prove  to  be 
well  founded,  it  would  obviously  be  dangerous  to  allow  cases  of  sleeping 
sickness  to  be  introduced  into  any  part  of  Africa  previously  free  from 
the  dise«ise,  but  infested  by  any  species  of  tsetse-fly. 

Returning  for  a  moment  to  Stomoxys,  we  may  note  that  Noe  has  shewn 
that  Filaria  lahuito-papilhsa,  of  the  ox,  develops  in  the  muscles  of  the  head 
of  the  common  European  Stomoxys  caldtrans,  and  is  transmitted  by  the  fly 
(5).  Both  in  the  case  of  Stom/)xys  and  in  that  of  blood -sucking  flies  other 
than  Muscidae,  it  is  highly  desirable  that  an  exhaustive  series  of  experi- 
ments should  be  undertaken  in  all  parts  of  the  world,  for  the  purpose  of 
determining  whether  any  species  acts  as  the  carrier  of  disease  from  man 
to  man  under  natrmil  amditions,  and  not  merely  when  the  proboscis  of  the 
fly  is  used  experimentally  as  an  "  inoculating  needle." 

Turning  now  to  the  flies  themselves,  and  tiiking  the  families  men- 
tioned above  in  systematic  order,  we  commence  with  the  ChironomidsB  OP 
Midges.  Midges  abound  in  most  parts  of  the  globe,  but  the  l)lood-8uck- 
ing  species  are  confined  to  the  genus  Ceraiopofjon,  and  a  few  small  genera 
closely  allied  thereto.  Even  in  Cemtopogon,  which  is  universally  dis- 
tributed, and  at  present  includes  more  than  a  hundred  described  species, 
the  blood-sucking  habit  is  exceptional.  Although  exceedingly  minute, 
for  the  females  are  seldom  more  than  li  or  2  mm.  in  length,  midges  are 
among  the  most  irritating  and  blood-thirsty  of  insects,  and,  since  the 
individuals  of  the  l)lood-sucking  species  usually  occur  in  swarms,  they 
frequently  constitute  a  veritable  plague.  Their  very  smallness  renders 
them  additionally  fonnidable,  since  it  enables  them  to  pass  through  the 
meshes  of  an  ordinary  mosquito  net.  In  general  appearance  many 
tropical  species  of  midges  are  very  similar  to  the  common  European 
Ceraiojmion  pulkari^  Linn.  (Fig.  98),  which  is  often  a  pest  in  many  parts 
of  the  British  Islands  in  early  summer.  Although  the  body  is  naturally 
dusky  in  colour,  the  abdomen  in  female  midges  oft<3n  appears  rosy  when 
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distended  with  blood.  The  legs  are  sometimes  banded,  and  the  wings, 
which  in  the  I'esting  position  are  carried  flat,  closed  one  over  the  other 
like  the  blades  of  a  pair  of  scissors,  are  hairy  in  many  species,  and  fre- 
({uently  mottled  with  brown.  The  larvae  of  the  naked-wigned  species  are 
usually  aquatic,  and  live  among  algse  on 
the  surface  of  stagnant  water ;  they  are 
whitish  worm-like  creatures,  with  long 
narrow  heads.  In  the  case  of  the  hairy- 
winged  species,  the  larvae  are  generally 
terrestrial,  and  are  found  in  decaying 
vegetable  matter  or  in  the  flowing  sap  of 
trees. 

The  midge  known  as  the  miruim  in 
the  neighbourhood  of  Pard,  Brazil,  which 

has  recently  been  described  by  Dr.  E.  A.     *"»"•  ^^•"^^^r/ro^H^^Briuii!:'"""*"'' 
Goeldi   (6)    under    the    name    Hcemato- 

inyidium  paraense,    is    a    true    Ceratopogon^   perhaps   identical    with    C. 

phlebotomiis  Will,  of  St.  Vincent,  W.I.      According  to  Dr.  Goeldi,  the 

miruim,   the    female   of    which    is    rather   less  than   2    mm.    in    length, 

invades    houses,   and   is  a  most  troublesome  blood-sucker;   its  bite    is 

painful,  and  a  fairly  large  circular  inflamed  zone  always  develops  round 

the  punctured   spot.     The  species  is  diurnal,   and   bites  at  any   hour, 

though  usually  most  abundant  at  the  time  of  low  tide ;  from  the  latter 

fact  it   would  appear  probable  that  the  miruim  breeds  on  the   shores 

^f  the  Pard  River,  perhaps  in  the  pools  of  brackish  water  left  exposed 

^hen  the  tide  goes  down.     Of  another  species  of  CeraUqwgon,  common  in 

^any  parts  of  Uganda,  Dr.  Christy  writes  that  it  "  bites  terribly,  leaving 

^^    irritating  wheal,  which   itches  for  days.     It  makes  a  sharp,  short, 

P^^vish  buzz  when  settling,  fully  as  loud  as  a  mosquito.     It  attacks  the 

Tists  chiefly,  but  is  able  to  pass  beneath  a  sheet,  and  bite  tlie  ankles  and 

^^^t.     Many  were  frequently  found  full  of  blood  on  turning  down  the 

^^^clothes.     I  have  met  with  a   similar   fly,  with   the  same  habits,  at 

'A.hmednuggar  (Bombay  Presidency),  India  "  (7). 

The  blood-sucking  midge  known  in  Cuba  as  the  jejeii  was  described 
V  Poey  in  1853  under  the  name  Oecacki  fureiis.     It  does  not  exceed 
2  mm.  in  length,  and  is  brownish-black  in  colour,  with  reddish  antennie, 
^hite  legs  banded  with  brown,  and  mottled  wings.     In  Cuba,  where  it 
k  chiefly  confined  to  wooded  and  shady  spots  at  the  mouths  of  rivers 
and  in  the  vicinity  of  tiie  sea,  the  jejen  is  said  to  be  a  scourge  of  man  and 
animals,  its  small  size  enabling  it  to  enter  the  eyes  and  nostrils.     Accord- 
ing to  Ellis  (8),  the  species  has  also  been  found  in  Jamaica,  during  the 
month  of  November,  in  numbers  on  the  sea-beach  of  the  Palisiidoes,  "a 
sandy  strip  of  land  separating  Kingston  harbour  from  the  Caribbean  Sea." 
SimuUdflB.— (In  India  called   "  Pipsa  "  or  "  Potu  "  flies  ;  "  BniUds  "  of 
the  French  Canadian  trappers  in  British  Columbia ;  in  the  United  States 
known  as  black  flies,   buffalo-gnats,   and    turkey -gnats.)      This   family 
consists  of  the  single  genus  Simulium^  comprising  at  present  some  seventy 
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described  species,  a  certain  number  of  which,  however,  are    doubtless 
synonyms.     The  species  are  extremely  difficult  to  distinguish  one  from 
another,  so  much  so  that  even  the  number  of  British  species  is  as  yet 
completely  uncertain ;  in  general  appearance  there  is  usually  a  bewilder- 
ing  similarity,   coupled  with  a  marked    deficiency  of   good  structural 
characters.     This  is  especially  true  of  the  females,   which,   being  the 
blood-suckers,  are  most  commonly  captured ;  moreover,  characters  derived 
from  the  females  alone  are  insufficient  for  the  distinction  of  species  in  this 
genus,  in  which  there  is  considerable  sexual  dimorphism,  as  well  as  a 
marked  difference  in  habits  between  the  sexes.     The  genus  Simulium  is 
universally  distributed,  and  besides  being  abundant  in  the  tropics  the 
flies  occur  in  myriads  in  the  temperate  and  colder  regions  of  the  earth, 
even  so  far  south  as  Tierra  del  Fuego.     The  females  are  excessively 
greedy  of  blood,  and,  besides  persecuting  human  beings,  those  of  certain 
species  are  greatly  dreaded  for  their   attacks   on   stock.      In   appea^ 
ance  they  are  small  black  or  greyish  flies,  sometimes  orange-coloured  or 
with  a  yellowish  base  to  the  abdomen,  varying  in  length  from   I J  to  4 
mm.   according  to  the  species,  with  a  humped  thorax,   short,  straight 
antennae,  delicate  iridescent  wings,  stout  legs,  and  a  short  and  incon- 
spicuous, albeit  exceedingly  serviceable,  proboscis.     The  males  are  usually 
darker  than  the  females,  and  frequently  exhibit  silvery  markings  upon 
the  thorax. 

The  preliminary  stages  are  passed  in  running  water,  close  to  the 
edge  of  which  the  eggs  are  deposited  on  stones  or  plants  in  a  compact 
layer  or  gelatinous  mass.  The  larva,  which  in  shape  somewhat  resembles 
a  tiny  contracted  leech,  though  capable  of  crawljjig  in  a  looping  fashion, 
is  usually  to  be  found  in  a  more  or  less  erect  position  attached  by  a 
posterior  sucker  to  the  stem  of  a  water-plant,  stone,  or  other  object 
beneath  the  surface.  When  full-grown  the  larva  spins  a  silken  cocoon, 
within  which  the  change  to  the  pupal  state  is  effected,  and  in  which  the 
pupa  remains  motionless,  until,  after  the  lapse  of  about  a  week  in  tem- 
perate climates,  though  in  the  tropics  a  shorter  period  possibly  suffice 
the  back  of  the  thonix  splits  to  permit  the  escape  of  the  perfect  insect^ 
which  ascends  to  the  surface  in  a  bubble  of  air.  The  male  flies,  which 
are  incapable  of  sucking  blood,  frequently  swarm  and  dance  at  some 
height  above  the  ground. 

Although  no  attempt  has  yet  been  made  to  suggest  that  the  species 
of  this  genus  are  disease -carriers,  they  would  at  least  appear  to  be 
eminently  qualified  to  act  as  such  by  reason  of  their  pertinacity  as  blood- 
suckers and  almost  incredible  abundance  in  certain  localities ;  while  at 
any  rate  their  attacks  frequently  have  an  injurious  effect  upon  native 
populations,  as  well  as  upon  explorers  and  others  who  have  occasion  to 
penetrate  into  their  haunts.  Thus,  with  reference  to  Simulium  damnosun^ 
Theobald,  a  species  locally  known  to  the  natives  as  mirwa,  a  correspondent 
in  Uganda  recently  stated  that  "  Its  bite  is  very  poisonous  and  irrit- 
able, causing  large  swellings  which  usually  end  in  sores.  Localities  where 
this  fly  is  present  are  very  sparsely  inhabited."     Writing  of  this  species 
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SO  with  reference  to  Ugaoda,  Dr.  Christy  (9)  says  that  it  occurs  in  a 
belt "  about  twelve  or  fifteen  miles  in  length,  by  three  or  four  miles  in 
ridth  on  the  right  bank  of  the  Nile.  "  In  this  area  the  fltes  swarm  tit 
ertftin  seasons  in  millions,"  and  become  such  a  pest  that  the  natives  are 
OTced  to  leave  their  plantations.  Dr.  Christy  further  states  that  "the 
ttte  of  this  small  fly  is  a  very  severe  one,  and  causes  a  wheal  which 
iube*  intolerably,  and  is  marked  by  a  large  drop  of  blood."  Several 
ipeciea  of  5tmu/tum  are  found  in  India,  where,  under  various  vernacular 
umes,  they  are  well-known  pests.  The  female  of  .S'imw/iwm  indiaan 
B«lier  (Fig.  99),  found  in  Assam,  is  3  mm,  in  length,  and  deep  black, 
ncept  the  base  of  the  abdomen,  which  is  yellow  ;  the  femora,  except  the 
lip*,  are  more  or  lees  yellowish,  the  tibi»  white  on  the  basal  half,  and 
Ihe  costal  margin  of  the  wing  is  i-ather  stout.  Of  this  species  Major 
Hill,I,M.S.,  writes  that  it  "infests  the  foothills  of  the  Himalayas  in 
north  Lakhimpur,  Assam,  where  the  flies  are  locally  known  as  '  Dam 
^Du'i  they  have  a  very  poisonous  bite,  and  interfere  a  good  deal  with 


^  tea-coolies.  They  come  out  in  January,  and  continue  until  March 
"**  April,"     Farther  to  the  west  along  the  Himalayas  the  local  speciea 

^imuiium,  in  some  cases  certainly  distinct  from  S.  iiidkuiii,  are  known 
^  Other  vernacular  names  such  as  "  J'olH,"  or  in  Sikkini  as  "  I'ij'sa," 
*ignation3  that  are  doubtless  applied  indiscriminately  to  more  than  one 
"^ies.  Specimens  of  Simidtum  recently  received  from  the  Kjingni 
*lley  belong  to  two  different  species,  both  distinct  from  6".  imiinim. 
••*  late  Mr.  Lionel  de  Nic(5ville  gives  the  following  observations  on 
'^'jtu,''  from  information  supplied  by  Mr.  Vincent  A.  Mackinnon  (10)  :^ — 
'^t  Miissooree  it  is  very  plentiful  in  the  spring,  but  small  nunil-crs  tan 
'  found  at  all  seasons.  In  the  western  Himahiyas  it  otenrs  at  Mus- 
'*^ee,  Chakrata,  and  thence  northwards,  as  far  as  the  Xiti  \' alley,  near 
*^  snows.  The  Balti  people  say  that  it  is  well  known  in  their  country 
'**lti8tan).  It  is  found  both  in  forests  and  in  open  grass-covorud  downs, 
M  at  all  elevations,  from  3000  to  10,000  feet.  At  the  latter  elevation 
^*'-  Mackinnon  was  once  so  badly  bitten  that  he  had  to  lie  up  from  the 
•fecta  for  two  days.  The  efl'ecte  of  the  bite  vary  greatly  in  <lifl'crcnt 
■^f^le :  to  some  it  causes  but  little  apparent  inconvenience,  a  small  black 
TKH  only  being  visible  where  the  insect  has  bitten ;  in  other  people  it 
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causes  intense  irritation,  which,  when  the  itching  places  are  scratched, 
gives  rise  to  large  lumps  beneath  the  skin  ;  these  may  be  some  days  before 
they  disappear.  .  .  .  When  the  Ghakrata-Saharanpur  road  was  being 
constructed,  numbers  of  the  workpeople  were  reported  as  having  died 
from  the  effects  of  the  bites.  In  the  western  Himalayas  the  fly  is  called 
Potii  in  Hindustani,  Fhisnuiri  in  Pehari,  and  Phisho  in  Balti."  According 
to  Mr.  E.  C.  Cotes,  who  collected  notes  on  the  Potd  from  forest  officen 
in  the  north-west  Himalayas  ( 1 1 ),  "  in  the  North- West  Provinces  it  is  said 
sometimes  to  occur  in  such  numbers  that  the  air  seems  to  be  full  of  the 
flies,  but  it  is  less  abundant  in  Sikkim,  where  the  climate  is  moister. 
Tlie  worst  months  are  April,  May,  and  June,  i.e,  the  hot  season,  but  the 
flies  are  not  uncommon  in  the  low  valleys  in  February  and  March. 
When  the  rainy  season  sets  in  they  usually  disappear,  and  are  not  seen 
again  until  the  following  spring.  The  insect  flies  noiselessly,  and  its  bite 
in  the  first  instance  is  so  painless  that  the  creature  is  seldom  noticed  at 
work  until  its  yellow  and  black  body  is  to  some  extent  coloured  with 
the  blood  it  has  absorbed  It  is  then  too  late  to  do  much  good  by 
brushing  it  away.  It  leaves  a  characteristic  mark  due  to  the  presence  of 
a  little  globule  of  blood,  about  the  size  of  a  pin's  head,  beneath  the  skin. 
The  bite  soon  becomes  irritable,  but  the  effects  vary  in  different  indivi- 
duals. Generally  speaking,  the  irritation  passes  ofl*  in  a  few  days,  but 
in  the  case  of  newcomers  and  persons  in  bad  health  it  often  cansei 
troublesome  sores  and  ulcers.  .  .  .  The  common  method  of  treatment  11 
to  squeeze  the  blood  out  of  the  wound  immediately,  as  this  allays  tlie 
intolerable  itching,  though  even  then  some  swelling  is  usually  produced. 
Deodar  and  eucalyptus  oil  also  are  freely  used  for  rubbing  over  the  hand^ 
and  face  to  keep  off  the  insects,  which  are  most  annoying  w^here  thej- — 
occur."  The  species  known  and  feared  in  certain  parts  of  the 
district,  Brazil,  and  especially  on  the  Rio  Puriis,  under  the  name  **j»6«, 
has  recently  been  described  by  Dr.  Goeldi  (12)  as  Simtdium  amazom 
There  is  reason  to  believe,  however,  that  it  is  identical  with  the  K 
American  S.  vennstum  Say  (pertlnax  Kollar).  The  well-known  a 
dreaded  "  Borrachudo "  of  Southern  Brazil  also  belongs  to  the  geni 
SiniuUum,  and  the  name  is  perhaps  applied  to  more  than  one  species. 

Details  of  remedies  recommendeii  for  lessening  the  pain  of  the  M 
of  Simulium  and  preventing  inflammation  have  been  given  by  Brauer  (1^^  ) 
who  says  that  all  plans  to  diminish  the  number  of  these  insects  hx 
hitherto  been  unsuccessful,  since  the  larvse  cannot  be  attacked,  or  only 
a  limited  extent.  The  same  writer  adds  that  smoke,  "produced 
putting  live  coals  into  heaps  of  dung,  leaves,  hay,"  etc.,  is  a  protec- 
against  the  flies,  as  is  also  "  an  embrocation  of  tobacco  decoction,  or  ^^ 
kerosene  oil." 

PsychodidsB,  genus  Phlehotomus  (called  sand-flies  in   the   Sudan  ac^ 
Ceylon). — Although  it  has  hitherto  been  l)elieved  that  the  blood-8Uckir9^ 
species  of  this  family  are  confined  to  the  genus  Phkhotamus,  there  is  aoiP*  i 
reason  to  think  that  one  or  two  species  of  the  genus  Si/coraa\  one  of  whic»  I 
occurs  in  Algeria,  also  suck  blood,  though  it  is  not  known  whether  thef 
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attack  human  beings.     The  small,  midge-like,  yellowish-brown  hairy  flies 

of  the  genos  Fhlebotamus  (Fig.  100)  need  not  detain  us  long,  for  they  have 

not  yet  been  studied  systematically,  and  practically  nothing  is  known  as  to 

the  habits  of  the  three  or  four  species 

that  occur  in  the  south  of  Europe,  the 

Mediterranean    sub -region,    the    Anglo- 
Egyptian  Sudan,  Uganda,  and  Ceylon.  As 

in  the  case  of  the  harmless  species  of  this 

family,  the  body  and  wings  are  densely 

clothed  with  long  hair,  but  PhUhotomus 

may  be  recognised  by  the  slender  shape 

of  the  body,  which  measures  from   1^ 

to  2  mm.  in  length,  long  legs,  and  by 

the  prominent  proboscis,  which  projects 

vertically  beneath  the  head.     The  life-       fio.  iWi.^pMehotcmm  sp    9  x  10. 

history  is  practically  unknown,  but  the  ceyion. 

preliminary  stages  are  passed  in  water,  or  in  cesspools  or  other  liquid 

filth. 

TabanldSB  {horse -flieSy  or  breeze -Jlies -,  sometimes  called  gad-flies; 
urut-fiies  on  the  Upper  Nile  ;  mangrove-flies  in  West  Africa — a  name, 
however,  that  also  includes  tsetse-flies).  —  This  is  a  family  of  blood- 
suckers, for,  as  already  stated,  the  habit,  as  in  Simulium,  is  universal  in 
the  female  sex,  with  the  possible  exception  of  certain  species  of  Pan- 
pwiid.  The  Tabanidse,  besides  being  world-wide  in  distribution,  are  also 
one  of  the  largest  of  all  the  families  of  Diptera,  the  number  of  described 
•pedes  being  now  little  short  of  1600,  although  this  totiil  is  certain  to  be 
•omewhat  reduced  when  a  much-needed  revision  is  undertaken.  More 
than  half  of  the  species  (over  900)  belong  to  the  genus  Tahanus  (Fig.  105), 
though  the  other  principal  genera,  Hcemaiopoia  (Fig.  104),  Pangonia  (Fig. 
*02),  and  Chrt/sojis  (Fig.  101),  are  also  rich  in  species.  In  appearance  the 
Tabanida?,  some  of  which  are  among  the  largest  of  Diptera,  are  bulky- 
■^ied  flies,  ranging  in  length  from  about  6  mm.  in  the  case  of  a  small 
species  of  ChrysopSy  to  more  than  an  inch  in  that  of  the  largest  species  of 
imnus.  The  head  is  large,  convex  in  front,  and  in  the  male  almost 
wholly  composed  of  the  eyes,  which  meet  together  above  in  that  sex,  Imt 
*rc  separate  in  the  female.  The  eyes  in  life  are  extremely  beautiful, 
'*\°o  usually  of  a  greenish  colour,  generally  marked  with  transverse 
•wipes,  wavy  bands,  or  spots  of  purplish-brown ;  the  eyes  in  Chri/svps,  in 
^hich  the  ground-colour  is  a  brilliant  metallic  gold  or  purple,  are 
specially  remarkable.  The  pattern  of  the  markings  varies  with  the 
*P^ie«,  and  is  consequently  of  value  for  specific  distinction ;  ])ut  uiifor- 
tunately  in  dried  specimens  the  eyes  fade  into  a  dull  brown,  and  the 
"**fking8  as  a  rule  disappear  entirely,  though  they  can  usually  be 
'^•^ed  temporarily  by  damping  the  specimen.  The  antenna?,  which 
^  always  prominent,  are  especially  long  and  slender  in  the  genus 
^^asops  (see  Fig.  101),  in  which  they  serve  as  a  distinctive  character. 
ITle  proboscis  in  most  genera  is  short  and  stout,  and  protrudes  vertically 
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beneath  the  head,  the  piercing  etilets  being  enclosed  in  a  fleshy  love 
in  Fangonui,  however,  it  is  stiff  and  eiender,  generally  more  or  less 
zonta),  and  usually  considerably  elongated.  Iti  the  case  of  certain  s] 
such  as  Pangonia  longirosirh  Hardw.,  which  is  found  in  the  Hima 


and  in  which  the  proboscis  is  many  times  longer  than  the  body, 
possible  that  the  insects  are  not  blood-suckers  but  feed  on  other  fl 
for,  aa  recently  pointed  out  by  Lutz  (H),  should  the  probosc. 
very  long,  the  enclosed  piercing  stilets  do  not  reach  the  tip  by  a 


way.  In  species  of  Pangonia  with  a  very  much  elongated  proboscis, 
individual  differences  in  the  length  of  the  labium  are  often  noticed,  i 
arc  suited  by  Lutz  to  be  due  to  the  fact  that  "in  true  speci 
Pangonia  the  labium  is  protruaiblc  and  retractile,  its  basal  portion 
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■lo  of  being  rolled  up  spirally  inBide  the  poBterior  part  of  the  buccal 
jr  In  Pangonia  beckeri  Bezzi,  a  Somaliland  species  illustrated  in 
102,  the  proboscJB  is  relatively  short. 

a  coloration  the  majority  of  Tabanidse  ore  somewhat  sombre,  the 
liiing  hue  being  generally  some  shade  of  brown,  though  the  abdomen 


ten  lighter,  or  prettily  adorned  witb  lighter  markings,  which,  being 
U)  a  coating  of  short  hair,  are  easily  rubbed  olf.  In  the  case  of 
loteiaga  lepUiola  Wied.  (Fig.  103),  called  by  Bates  "  the  scourge  of  the 
!r  Amazons,"  and  known  to  the  local  Indians  as  the  "motaca,"  the 


^black  body  is  covered  with  a  coat  of  minute  greenish  iridescent 
like  hairs.     In  many  species,  ns  in  all  those  of  the  genus  Vliiij^ps 

101)  and  some  species  of  Tahan^ts  (Fig.  105),  the  wings  are  con- 
lously  banded  with  blackish -brown,  while  in  Ifn-ntalnpota  (Fig.  104) 

shew  an  intricate  pattern  of  light  markings  on  a  dark  ground. 


SySTSM  OF  MEDICINE 


The  eggs  of  Tubanidie  are  deposited  in  maases  (in  one  flat  tier  in  th« 
case  of  Chrysops  and  probably  in  that  of  Pangonia  also,  but  in  a  sub-conical 
pile  of  several  layers  in  that  of 
Tabamts)  on  niabes  or  other  smooth 
surfaces  over  water  or  wet  ground 
(15).  The  larvse,  which  in  the 
majority  of  cases  live  in  the  wel 
sand,  mud,  or  vegetable  debris  at  the 
margins  of  rivers,  while  others  are 
found  in  earth  or  water,  are  glawy, 
whitish,  cylindrical  grubs,  tapering 
at  each  extremity,  with  a  retractile 
chitinous  head.  The  first  seven 
abdominal  segments  (i.e.  all  except 
the  last)  are  each  provided  with  s 
circlet  of  retractile  fleshy  p^otube^ 
ancos,  which  assist  in  locomotion. 
Tabanid  larvae  are  carnivorous,  and 
wMiAincM.  burrow   actively   in    search   of  food, 

which  consists  of  beetle-larvse,  snails,  worms,  et«.  The  pupte,  which 
resemble  those  of  Lepidopt«ra,  but  are  distinguished  by  the  presence  d 
a  pair  of  large  ear-shaped  spiracles  on  the  dorsum  of  the  thorax,  ute 
genemlly  found  concealed  in  damp  rulibish  at  the  edge  of  water. 

Female  Tabanidie  are  among  the  most  persistent  of  blood-suclting 
flies,  although  certain  species  appear  to  attack  man  only  exceptionollj- 
The  quietness  with  which  the  species  of  Iltcmalupola  and  ChrysofiS  and  tlie 
smaller  species  of  I'abiiniis  alight  on  their  victims  is  remarkable,  the  shaip 
prick  of  the  bite  being  often  the  first  intimation  of  the  presence  of  the 
fly.  The  species  of  Pangonia,  however,  and  the  lai^er  species  of  Tahanxi 
betray  their  approacli  by  tlieir  loud  hiim.  Tabaiiidae  are  creatures  of 
the  open  country,  woods,  roads  frequented  by  horses  and  cattle,  and 
river-beds;  they  seldom  enter  houses,  and  should  they  do  so  they  appear- 
to  recognise  that  they  are  out  of  their  element,  and  shew  no  disposition  tt^ 
bite.  Tho  biting  powers  of  Tabanida;  are  well  known  to  all  who  have  hail- 
practical  experience  of  them  :  a  correspondent  writing  with  reference  V^ 
species  met  with  in  swampy  localities  near  Gambaga,  West  Africa,  states 
that  "  they  bite  with  ease  through  two  thicknesses  of  clothing,  bucIb 
as  a  pair  of  breeches  with  drawers  underneath."  The  nwtika  (Fi^'.  lO.'i), 
already  alluded  to,  is  found  in  Central  America  as  well  as  in  Equatori«l 
BraKil.  With  reference  to  the  sivarms  of  this  fly  encountered  near  Serp^ 
on  the  Lower  Amazons,  Bates  writes  that  "  its  puncture  does  not  prw 
duec  much  jiain,  but  it  makes  such  a  large  g;ish  in  the  flesh  that  the  bloorl 
trickles  forth  in  little  streams.  Many  scores  of  them  were  flying  abou* 
the  canoe  all  day,  and  sometimes  eight  or  ten  would  settie  on  one's  ank!^ 
at  the  same  time.  It  is  sluggish  in  its  motions,  and  may  be  easily  Idlled 
with  the  fingers  when  it  settles"  (16). 

Many  African  species  of  Tubanun  have  a  very  wide  r&nge :   thus 
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i  afrietiHVii  tJray,  a  liandsome  epeciea  with  yellow"  body,  Vilauk  legs, 
ntid  ibe  liasal  two-thirds  of  the  witigs  prettily  banded  irith  brown,  is 
'"uwl  from  Anglo-Egyptian  Sudan  to  Xatal,  and  also  occurK  in  the  East 
AlrJM  Protectorate.  Similarly  I'abanax  seiTahtsl.v.,  one  of  the  species 
'flunii  in  Ugand&i  is  very  widely  distributed  ujwn  SSo  Thome  I.,  in 
'lifl  fiuH  of  Guinea,  where  it  is  said  to  persecute  Itumnn  beings,  especially 
""lives,  with  peculiar  pertinacity  (17). 

['ndfr  the  name  "  seriit -Jlies "   several   specie^)  of  I'rzJnniM  are  well 

'"lown  to  British  officers  attached  to  the  Egyptian  Army  as  a  scourge  of 

'be  Upper  Nile.    One  of  the  commonest  of  these,  in  the  vicinity  of  Kodok 

'f'wliodft)  at  any  rate,  is  Tliftanits  sodu»  Walk.,  a  reddish-brown  species 

^^     *'«j-ying  from  rather  less  to  rather  more  than  half  an  inch  in  length,  with 

^V    lon^tiidinally  striped  alidomen  and  clear  wings.      Serut-llies  do  not  seem 

^H  t*>  be  found  continuously  along  the  banks  of  the  river,  but  appear  to  l>e 

^P*onfined  to  certain  tracts  i-eealling  the  "lielta"  well  known  in  the  case  of 

"   *he    isetse-flies.       In    a    letter    dated    "Wau,    Bahr-el-Ghazal,    Sudan, 

r»ec«ml>er  6,  1903,"  the  late  Captain  H,  E.  Haymes,  H.A.M.C.  (attached 

r-.  A,),  wrote  us  follows  :  "The  first  serut  met  with  going  south  is  at  Cioz- 

■ilju-Gooma.    At  Fashoda  they  are  more  numerous,  and  as  the  papyrus  and 

-udd  coramencc  they  disappe.ir,  i.e.  200  miles  south  of  Fashoda,     They 

-'  p|>ear  again,  bnt  in  small  numlwrs,  at  Kirro,  a  Belgian  post,  and  continue 

f  ■"•  kejaf,  also  a  Belgian  post.    Then  they  disappear  again  for  1 00  miles,  and 

■appear  again  at  Dufile,  from  which  post  they  extend  100  miles  south." 

In  new  of  the  successful  results  thiit  of  lute  years  have  in  some  cases 
^ttrnded  the  efforts  of  economic  entomologists  to  reduce  the  numbers  of 
•-'eTUin  insect  pests  by  cultivating  their  natural  enemies,  it  may  perhaps  be 
^■^'orihy  of  note  that  in  the  adidt  state  Tabanidie  are  often  preyed  upon  by 
*'^':>l)l>fr-flie8  (Asilidse),  and  by  sand-waspa  of  the  family  Bembecidffi,  while 
t  heir  eggs  are  sometimes  infested  and  destroyed  by  parasitic  Hymenoptera. 
Leptldie. — The  members  of  this  family  are  slenderly  built  flies  of 
"^KK-lBrate  size  (6  mm.  to  13  mm.  in  length),  usually  with  a  short  pro- 
'  -riff'ii,  and  with  the  wings,  in  which  the  arntiigement  of  the  veins 
^«--wiiihles  that  seen  in  the  Tabanidie,  often  blotched  with  brown.  Some 
^t»de  of  brown  or  yellowishbrowu  generally  forms  the  prevailing  colour 
**f  tlie  body,  and  the  abdomen  usually  tapers  towards  the  tip.  The  pre- 
l»Oiiuary  stages,  so  far  as  known,  are  passwl  in  vegetable  mould  or  rotten 
^•Mi.  The  species  of  the  sub-family  I,eptinie,  including  the  genera 
'-^^''uand  Siimjihiiroimiia,  have  a  shoi-l  and  noiseless  flight,  and  are  fond  of 
^'Mting  motionless  and  head  dowTiwarfls  upon  the  trunks  of  trees  in  shady 
t'lices.  I^j)tid»  have  rarely  been  known  to  molest  man,  and  their 
I  ''"^Ittsion  among  blood-sucking  farms  at  present  rests  upon  a  few  isolated 
I  v'**'"^'*'^'"'^  In  France  two  common  European  species  of  L/rptis  have 
I  ^^Jl  observed  to  suck  human  blood,  while  the  same  habit  has  been 
I  l^ticed  in  California  and  Arizona  in  the  case  of  a  species  of  Si/mpharmit/ia. 
I  ■*'*W)rding  lo  Philippi,  Trifhiipalpun  nhscitrits  Phil.,  a  species  with  an  elon- 
1  8*t«d  proboscis,  common  in  the  Province  of  Valdivia,  Chile,  in  December 
■""1  .latinary,  is  a  greedy  blood  sucker. 
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■uscldse  (tsetse-flies  and  their  allies). — The   blood-sucklng  species 
of  Muacidfe  are  lavr  in  number,  but,  apart  from  the  mosquitoes,  they  an 
by  far  the  most  Important  of  all   phlebotomjc  Diptoro,  since  they  include 
the  tsetse-flies  (genus  Glossim),   one  species   of    which   is    now  so  well 
known  as  the  dissemimitor  of   sleeping  sickness,  while  others  coiive; 
"nagana'"  or  tsetse-fly  disease,  which  is  equally  fatal  among  domestk 
animals.     With  the  exception  of  those  belonging  to  Stomox^ii,  the  specie* 
of  other  genera  which  feed  on  blood  seldom  molest  human  beings,  And 
are  of  more  importance  to  the  stock-raiser  and  the  veterinary  surgeon 
than  to  the  medical  man.     The  possible   importance  of  Stomoxijs  to  tlit 
student  of  tropical  diseases  has  already  l>een  hinted  at,  and  little  mon 
need    be   said    with    regard    to  this    genus,    which,    perhaps    with  tin    , 
exception  of  South  America,  is  universally  distributed.      Not  more  thw 
a  dozen  species  are  at  present  ktiown,  but  it  is  probable  that  some  of    { 
these  are  not  really  distinct,  while  a  few  others  have  yet  to  be  described. 
The   species  are  all  very  similar  in  appearance,  and,  like  the  tsetsc-flif* 
themselves,   are   lacking   in  structural   characters    for    their    distinction- 
Though    somewhat  more    stoutly    built,    in    size    and    coloration   they 
present  such  a  resemblance  to  their  near  relation   the  house-fly  (Mviat' 
domestkn  L.)  as  to  deceive  the  un- 
initiated,   though    the    little  blwfc 
piercing  proboscis,  which  in  life  may 
alwayslto  seen  projectinghorizontall3?' 
in  front  of  the  head,  affords  an  ir»  " 
fallible  means  of  recognition.    Tt^ 
grey  or  olive-brown  body  generall;^ 
exhibits  a  lighter  median  stripe  o^ 
the  thorax  and  dark  spots  or  tran^^ 
verse  bands  on  the  abdomen.     Tk  ^ 
larva    is    a    white    maggot,    closel;^ 
resembling   that  of    the   housefly" 
and  is  found  in  horse -droppings  an^^ 
manure  heaps.     The  perfect  insecC— ■ 
infest  stables  and  cow-sheds,  andu"^ 
._  „«  generally     to    bo     found    in    tK  -^ 

Fio.  iM.-jw™™-)i*niW(™Mi.inn»>in,    f  k  r..    vicinity   of  horses   and    cattle.     I^ 
EuroV*,Tudii!fuI!i»ll'Muw».  '■^^  resting  position   the  wings  prC 

ject  at  an  angle  from  the  body,  as  B- ' 
shewn  in  Fig.  106.  The  common  European  StomOi-ys  calcUraiu  C-* 
(Fig.  106)  is  very  widely  distributed,  for  it  abounds  in  the  Unite^^ 
States,  while  specimens  from  Northern  India  are  indistinguishable  froC* 
British  examples. 

The  tsetse-flies  (genus  Olofsim  Wiedemann)  are  confined  to  Afric«»- 
whcre,  however,  as  shewn  in  my  recent  map  (18),  they  have  a  very  wid^ 
distribution  in  the  tropical  and  (in  S.  Africa)  subtropical  zones.  RougU.^ 
speaking,  so  far  as  our  present  knowledge  goes,  the  northern  boundarj' 
of  the  genus  may  be  rei)resented   by  a  line  drawn    from    Cape  I'erd* 
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across  the  middle  of  like  Chad  to  the  Nile  just  south  of  the  twelfth 
parallel  of  north  Utitade  and  thence  to  the  eaat  coast  at  4""  N. ;  while 
ite  southern  limit  may  be  aimilarly  shewn  by  tracing  a  line  from  the 
mouth  of  the  Cunene  Kirer,  the  southem  boiindnry  of  Angola,  to  the 
north-east  extremity  of  St.  Lucia  Lake,  in  Zululand.  Within  this  area 
tsetse-flies  are  not  found  continuously,  but  are  restricted  to  "  belts  "  or 
"  patches  "  of  forest,  bush,  or  banana  plantation,  usually  on  the  margins 
of  watercourses,  rivers,  and  lakes,  and  Eeldom  far  from  water  of  some 
kind.  In  common  language  they  may  be  described  as  "  ordinary- 
looking  sombre  brownish  or  greyish-brown  flies,  varying  in  length  from 
3^  to  \%  lines  {7^  to  10  millimetres)  in  the  case  of  Glossiiia  moisilaiis  to 
about  bii  liDes  (11^  millimetres)  in  that  of  Gl.fasca  or  longipeiitiis,  with 
a  prominent  proboscis  in  all  species  "  (19).     In  the  resting  attitude  a  ready 


""^"s  of  distinction  from  other  bloodsucking  flies,  such  as  IhmatOjtoUi. 
f  bich  might  possibly  be  mistaken  for  them,  is  afforded  by  the  position 
^'  'lie  nings,  which  are  carried  flat,  closed  one  over  the  otiier  like  the 
blades  of  a  pair  of  scissors.  The  reproduction  of  tsetse-flics  is 
•I'reinely  remarkable,  for,  instead  of  laying  eggs,  the  pregnant  female 
Polices  a  single  fvH-grotcn  larva,  which  crawls  away  into  some  hiding- 
r***  and  immediately  turns  into  a  pupa.  This  is  of  extreme  importance, 
"'"^.  t»  will  readily  be  seen,  it  renders  any  attempt  to  reduce  the 
"'""Wrs  of  the  flies  by  attacking  the  larvw  absolutely  hopeless. 

Iri  addition  to  the  eight  recognised  species  of  tseUe-Hies  characterised 
limy  "Revised  Synopsis,"  published  in  1904  (20),  a  ninth  species 
(from' Angola)  was  described  in  1905  by  Franca  under  the  name  (Hossim 
'■*"?«■  (31).  Only  three  specimens  of  this  form,  however,  have  so  fiir 
Wn  discovered,  and  it  is  probable  that  it  will  eventually  prove  to  be 
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merely  a  sub-species  of  Gl.  palpolii,  which,  in  any  case,  it  closelj 
reaembles.  Glosdna  patp-tlis  Rob.-Desv.  (Fig.  107),  the  disseminator  of 
Tri/jiaitosoma  gamhiense,  the  parasite  of  sleeping  sickness,  is  about  9^  umi- 
in  length,  and  the  darken!  of  all  the  tsetse-flies.  Its  area  of  distribution, 
as  shewn  on  my  map,  includes  the  river  systems  of  West  Africa,  froin 
Cape  Verde  to  Angola,  the  Congo  valley  and  basin,  the  northern  ind 
eastern  shores  of  Lake  Victoria,  the  entire  circumference  of  Lake  Albert. 
and  the  banks  of  the  Nile  from  the  latter  to  Gondokoro.  As  already 
mentioned,  it  is  probable  that  other  species  of  tsetse-flies  are  also  capable  i^ 
conveying  the  parasite  of  sleeping  sickness,  but  this  has  yet  to  be  proved 
by  experiment.     An  important  paper  on  "  The  Multiplication  of  Trypan- 


i 


rniui  gambieuse  in  the  Alimentary  Canal  of  Gtoasifia  palpalit "  has  recentl;^ 
been  jinblished  by  Gray  and  Tulloch  (22),  and  the  internal  anatomy  of  fi^" 
palptilis  itaelf  has  been  described  and  illustrated  by  Prof.  Minchin  (26T;^ 
Mention  should  also  be  made  of  a  paper  on  "  Glosshia  palpalU  in  its  relatio^^ 
to  Tiiijianommn  gamhiense  and  other  Trypanosomes,"  which  has  appeareC^-^" 
while  these  pages  have  been  passing  through  the  press  (27), 

The  blood-sucking   larva  of  Auchmaomyin  hileola  Fabr.  (Fig.   l^fl^^ 
another  African  Muscid,  of    which    the  perfect   insect  is   incapable  O' 
sucking   blood,   was   described   and   figured  in   1904   by  Dra.  Duttov 
Todd,  and  Christy,  imder  the  somewhat  misleading  name  of  "The  Cong^^ 
Floor  Maggot"  (2.3).     For  this  species  ranges  from  Nigeria  to  Nataf>' 
and   is  also   found  in   British   East    Africa    and    Uganda.     The  perfect 
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insect,  which  is  about  11  mm.  in  length,  ia  of  &  pale  yellow  colour,  with 
the  diBtal  h&lf  of  the  abdomen,  except  the  tip,  bluieh-black.  The  larva, 
a  dirty-white  maggot  about  16  inm,  in  length  when  full-grown,  lives  in 
the  cracks  in  the  earthen  floor  of  native  huts,  and  crawls  out  by  night 
to  fiutea  upon  the  limbs  of  sleepers  and  suck  itself  full  of  blood. 
^Vhile  certain  Dipterous  larvie  are  subcutan<<oua  parasites  in  man  and 
other  animals,  this  free-living,  blood-sucking  form  ib  at  present  entirely 
wiqne,  and  its  disooveiy  is  consequently  of  extreme  interest. 


Mon-Blood-Snckiii{r  Files 

Space  forbids  us  to  devote  more  than  a  few  lines  here  to  those  flies 
lhat,vhile  incapable  of  sucking  blood,  are  oevertbeless,  in  some  instances, 


r^ltant  agents  in  the  dissemination  of  such  diseases  as  cholera  nnd 
^'fic  fever.  In  these  cases  the  flies  act  as  mechanical  caiTiers  of 
™*'i  or  other  infective  matter,  and  the  effect  is  produced  chiefly  by 
n  !^''"™'"*ti'>"  of  food.  Information  on  this  subject  will  be  found  In 
"■-  ^uttall's  memoir  (1),  referred  to  above,  and  also  in  recent  iia|>ers  by 
'|°'*'*rd  (24)  and  myself  (25).  The  apccirs  concerned  are  those  most 
closelj  associated  with  man,  and  of  these  the  common  house-fly  {,U\mA 


^^^wa  Linn.)  is  the  most  important. 

*^f  the  flies  the  lar^■«e  of  which  are  frequently  found  as  intestinal  or 
"p!^*"  parasites  of  the  human  body  (Myiasis),  Chrymn}iia.  ■mactlhitm  Fabr. 
'.?-  109),  the  larva  of  which  is  known  as  the  " screw-worm  "  in  the 
*■  "*ted  States,  may  be  taken  as  a  type.  This  specii's,  a  near  relation  of 
™  *ell-known  "green-bottle"  flies  (LvUiti),  has  a  very  wide  range  in 

-*''<th  and  South  America,  and  is  met  witli  as  far  soutli  as  Argentina  ; 

thelarvK  chiefly  infest  sores,  but  are  also  sometimes  found  in   the  nasal 
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and  frontal  sinuses.  Another  Muscid  fly,  of  which  the  larvje  are  sub- 
cutaneous parasites,  is  the  African  species  Coidylobia  antkropophaga 
Blanch.,  which  coincides  in  range  with  Auchmeramyia  lufeoia  Fabr.,  to 
which  it  is  also  very  similar  in  appearance.  iJerrnatobia  noxialis  Goudot, 
found  in  Central  and  South  America,  belongs  to  the  (Estridae ;  its  8u)>- 
cutaneous  larva,  which  often  infests  man,  has  a  bottle-shaped  body, 
encircled  by  rings  of  black  hooks. 

Ernest  E.  Austen. 
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plates  12  to  14,  and  figs,  in  text. 
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TICKS 

By  R.  I.  PococK,  F.Z.S. 

Introduction. — Records    of    the   dread   with   which   certain   ticks    are 

regarded  by  the  natives  of  the  countries  infested  by  these  parasites  may 

be  found  scattered  through  volumes  of  travel,  and  repeated  or  extended 

in  works  on  the  natural  history  of  this  group  of  blood-sucking  Arachnids. 

But  a  scepticism  justified  by  the  proneness  of  uneducated  man  to  regard 

as   venomous   all    repulsive- looking  creatures  of    the    insect  kind,   and 

strengthened  by  the  negative  results  of  experiment  and  by  the  knowledge 

that  ticks  have  no  poison-glands  in  the  strict  sense  of  the  word,  led  to 

these  reports  being  regarded  with  suspicion,  or  dismissed  unconsidered 

^  nacre  travellers'  tales.     In  the  latter  part  of  the  last  century,  however, 

interest  in  the  question  was  revived  by  the  discovery  of  the  part  played 

l>y  mosquitoes  in  malarial  infection,  and  by  the  definite  iissociation  of  a 

^orth  American  tick  with  the  cattle  disease  known  as  "  Texas  "  fever. 

^^ognition  of  the  economic  importance  of  the  last-mentioned  discovery 

Emulated    investigations    which    soon    established    a   causal    connexion 

hetween  ticks  and  some  previously  puzzling  maladies  of  domestic  animals 

^'^d  birds  ;  and  within  the  last  few  years  medical  expeditions  to  tropical 

A.frica  have  shewn  that  the  bite  of  a  species  of  tick,  historically  recorded 

**   poisonous,  is  indeed  followed  in  man  by  the  "  relapsing  fever  "  of  that 

country  {ride  p.  301). 

It  is  e8j>ecially  worth  bearing  in  mind  that  up  to  the  present  time 

*U  the  ticks  known  to  be  harmful  to  mankind   belong  to   the   family 

^^gasidae,  the  members  of  which  are  for  the  most  part  parasitic  upon 

ttomestic  fowls.     Only  one  species  of  Ixodidje  has  so  far  been  suited  to 

"^  ])athogenetic  with  respect  to  the  human  species ;  but  the  claim  is  as 

yet  unsubstantiated,  and  amounts  to  little  more  than  a  suspicion.     Since, 

however,  it  has  been  definitely  proved  that  several  species  of  Ixodida* 

tninsmit  (>athogenetic  sporozoa   to  dogs  and  aittle,   which  differ  from 

^h  other  in  organisation,  habits,  temperament,  and  constitution  as  much 

^  either  differs  from  man,  it  would  be  unreasonable  to  suppose  that  man 

'*  exempt  from  the  ill  effects  of  similar  or  identical  haemozoic  inoculation 

^y  ticks  of   this  family.      It  is  therefore  important  that  medical  men 

S"Wil(l  liave  some  knowledge  of  the   habits  and  classification  of   these 

"'M-sucking  parasites. 

Most  of  the  genera  and  all  the  species  and  varieties  mentioned  or 
"•^gnosed  in  the  following  pages  may  be  found  described  at  length  under 
^ne  jiame  or  different  names  in  the  various  papers  by  Neumann  (29,  '^0, 
'  1>  32,  33).  The  chief  alterations  here  introduced  are  the  resuscitation 
^^  ^'"m,  the  proposal  of  the  new  name  Alertorolmis^  and  the  su])stitution 
^^  ^hrgaropHS  for  Boophihis. 
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HOW  TO  DISTINGUISH  TICKS 


Ticks  iind  mites,  coiisti tilling  the  order  Acari,  jire  llie  only  parasitic 
members  of  the  class  Arachnida.  From  other  parasitic  Arthropods, 
such  «A  insects,  they  may  be  rendily  distinguished — (a)  by  the  absenM 
of  anCeniiffi;  (h)  by  the  presence  of  only  two  pairs  of  ii)i[iendages  mh- 
nectod  with  the  mouth ;  (c)  by  the  possession  of  four  pairs  of  walking 
legs ;  ('0  by  the  absence  of  segmentation  and  of  any  constriction  sepnnl- 
itig  the  leg-bearing  anterior  portion  from  the  legless  posterior  portion 
of  the  body  ;  (c)  by  the  jmsition  of  the  genital  orifice  in  the  middle  or 
aiiterioi-  half  of  the  lower  surface. 

From  other  Acari,  ticks  maybe  distinguished — {«)  by  the  presence  of 
a  median,  usually  sub-cylindrical  probe,  beset  with  recurved  t«eth,  wbicii 
jirojects  forwards  beneath  the  mouth  and  between  the  palpi ;  (6)  by  the 
position  of  a  conspicuous  spii-acular  area  above  and  usually  behind  the 
base  of  the  last  leg  on  each  side. 

EXTERNAL  ANATOMY 

The  dorssl  surface  is  either  membraiiouh,  ie;itiiery  or  thickly  chitini««l. 
or  furnished  mih  a  chitinised  plate  only  in  front.      Like  the  ventr»l 
surface  it  is  marked  with  grooves  or  pits  shewing  the  points  of  attach- 
ment of  muscles.     Eys,  when  present,  consist  of  simple  lenses.     In  front 
of    the  anterior  logs  there   is  a  movable  sclerite,  the  tkipiiulum,  which 
bear's  the  mouth -jiarts,     These  consist  of  the  median    piercing  prob* 
covered  with  recurved  teeth  (ht/paslomt),  a  pair  of  four-jointed  palpi   oa 
each  side,  and  a  pair  of  slender  two-jointed  to<ith6d  chAiemv,  eiicaw^ 
in   a  finely  toothed  membranous  sheath,  above.      The   term  rostrum  '* 
.  SLinietimes  applied  to  all  these  structures.     It  is  by  means  of  the  icet*" 
on  the  hypostome  and  chelicerw  that  the  tick  secures  and  maintains  » 
hoUl  of  his  host  when  sucking.     Each  lef/  consists  of  six  main  segment' 
known    as    cam,    troclmnta;  /tmur,   puletla,    Ulna,    tur-ius.       The    tar**'** 
bisegmented    except    on    the    first    leg,   bears    apically    a    slender    sl»I* 
which  supports  two  claws,  and  often  a  membranous  sucker  beneath  thi""' 
The  iinteri<)r  tarsus  carries  near  its  apex  Haller's  sense  organ.     On 
ventral  surface  Iwtween  the  legs  lies  the  fienilal  orijiet,  and  behind  th* 
last  pair  of  legs  the  valvular  anal  uperlun:     Above  and  behind  the  l>«**i 
of  the  fourth  leg  is  the  npiivtular  iireu,  upon  which  opens  the  orifice  *" 
the  tracheal  system. 

CLASSIFICATION  OF  TICKS 

Ticks  are  referable  to  two  very  distinct  families,  the  Ixodida?  i*' 
Argiisitlie,  which  may  be  briefly  diagnosed  as  follows : — 

ii.  Borsnl  shield  absent ;  cnpitulutii  concealed  from  above  ,       .  Ai^si<{ 
I''.   Dorsal  nhield  pre^^ent ;  C4pitutum  exposed  from  above    .  li:odi<I 
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Family  ArgasldSB 

CapUulum  concealed  by  an  overlapping  extension  of  the  dorsal  area, 
which  has  no  chitinous  plate.  Integument  fairly  uniformly  granular  or 
coriaceous  above  and  below.  Pa/pi  unmodified,  first  and  fourth  segments 
long,  fourth  not  retractile,  second  and  third  not  excavated  internally.  No 
mcker  beneath  claws,  at  least  in  adult     Sexual  dimorphism  slight. 

The  members  of  this  family  might  appropriately  be  termed  House 
Ticks.  They  are  usually  found  in  human  dwellings,  fowl-houses,  dove- 
cote, etc.,  and  are  more  commonly  parasitic  upon  domestic  poultry  than 
upon  cattle  or  other  mammalia.  They  hide  in  crevices  and  dark  corners 
during  the  day,  and  come  out  at  night  to  feed. 

The  genera  may  be  determined  as  follows  : — 

o.  Body  produced  laterally  into  a  cariniform  edge  differing  in  sculpture  from 
the  rest  of  the  dorsal  and  ventral  surfaces. 

b,  A  deep  post-anal  integumental  groove       ....    Caris. 
b\  No  post-anal  integiunental  groove    .....  Argas. 

a.  Body  not  laterally  cariuate  ;  sculpturing  of  lateral  area  like  that  of  the 
dorsal  surface. 

c.  No  movable  sclerite  on  each  side  of  the  palpi  .  .    Omithodoros. 
c\  A  movable  sclerite  on  each  side  of  the  palpi     .  .     Alectorobius. 

Genus  Argas  Latr.  (17) 

Body  flat  or  hollowed  dorsally ;  elliptical  or  oval ;  its  edges  cariuate. 
^rsal   integument   shagreened    or   beset   with    fine   granulations ;    the 
''Margins  grooved  at  right  angles  to  the  edge ;  the  muscular  impressions 
forming  radiating  lines.     No  integumental  groove  behind  the  anus. 

Genus  Caris  Latr.  (17) 

{  =  Argas  of  recent  authors;  see  Neumann  (29),  p.  19) 

Differs  from  Argas  in  having  a  conspicuous  transverse  slightly  pro 
curved  groove  just  behind  the  anus.     The  type  species  C.  vespertilionis 
^^Urs  parasitically  upon  small  European  bate.     The  body  is  almost  or 
^^te  as  wide  as  long. 

Genus  Ornithodoros  Koch ;  Neumann  (29),  p.  25 

Body  generally  oval,  narrower  in  front  than  behind,  anteriorly  rounded 
■^JJ*  conically  attenuated.  Integument  uniformly  and  coarsely  granular 
^Y^ughout,  without  cariuate  differentiated  lateral  border.  No  movable 
i^^^te  on  each  side  of  the  palpi. 

Genus  Alectorobius  nov. 

Differs  from  Omithodoros  in  having  on  each  side  of  the  mouth-parts  an 
^*ODgated  movable  plate  or  integumental  flap  capable  of  being  folded 
^^eath  the  adjacent  palpus.  Type  species  A.  taloje  Guerin  (see  infra, 
^-  196). 
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Family  IxodldSB 

Capitulum  exposed,  projecting  from  the  anterior  end  of  the  body,  and 
articulated  to  an  excision  of  the  anterior  border  of  a  firmly  chitinised 
dorsal  shield  which  covers  the  whole  or  a  part  of  the  upper  surface. 
Palpi  modified,  first  segment  usually  short,  second  and  third  longer  aiid 
nearly  always  excavated  internally,  fourth  minute  and  retractile.     Tarsi 
with  well -developed   sucker  beneath   claws.      Sexual   dimorphism  pro- 
nounced.    Male  :  tergal  area  practically  covered  by  the  doi'sal  plate ;  no 
porous  areas  on  capitulum ;   frequently  well-developed  ventral  sclerites  5 
integument  scarcely  distensible.     Female :  dorsal  plate  restricted  to  th^ 
anterior  end  of   the  body ;   a   pair  of  porous  areas  on  upper  side  o»i 
capitulum  ;  no  ventral  sclerites  ;  integument  highly  distensible. 

This  family  is  composed  of  ten  genera  classifiable  in  two  groups,  th^ 
Ixodse   and   the   KhipicephalaB.      Their  differential  characters   may 
tabulated  as  follows  : — 

A.  Femalfs.     Dorsal  surface  with  small  chitinous  plate  at  its  anterior  extreniitr 

two  porous  areas  upon  the  ctipitulum. 

a.  A   transverse    recurved    pre -anal  groove,  the  ends  of   which  m» 
surround  the  anus  or  extend  back  to  the  posterior  edge  of  the  bo4 

IxoDfl 
Genem  Ixodes,  EscJuitocephahis,  CercUuodi 
a.  No  recurved  pre-anal  groove,   almoe^t  always  a  distinct  procuir* 

post-anal    groove    approaching    or  meeting   the    two  long  ymii^^* 
grooves,  diverging  backwards  from  the  genital  orifice 

Rhipickphal^^ 
h.  Palpi  relatively  long  and   slender,   second  segment  usualX^ 
much  longer  than  wide. 

c.  No  eyes    ......       Apmonm^^ 

c.  Eyes  present  .         .    Hyahmma^  Avnllyomim^'^ 
b\  Palpi    relatively    short,   second  segment  about   as   wide  ^•^ 

long,  or  wider. 

d.  No  eyes Hannafhytal*^ 

d'.  Eyes  present. 

e,  Capitulum  transversely  oblong  DermaeenU^' 

e.  Capitulum  hexagonal. 

/.  Spiracular  areasubcircular  ;  pre-anal  groo^ 
obsolete  .  .       Margaropui' 

f.  Spiracular   ai-ea    comma-shaped ;   pre-anJ 
groove  present         .  .    Rhipicephalut 

B.  Males,     Dorsal  integument  thickly  chitinised  throughout     No  porous  an?* 

on  capitulum. 

a.  Ventral    surface   strengthened  with   live  or  seven  chitinous  platei; 
grooved  as  in  females  .......     IxonA 

b.  Third  segment  of  palp  long,  acuminate  .  .         Ceratixoda, 

b'.  Third  segment  of  palp  short,  apically  rounded. 

c.   Palpi  not  excavated  internally         .  EsdiatocephaluL 

c.   Palpi  excavated  internally     ....      JxodA 
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a'.  Ventral  surface  soft  or  with  two  or  four  adaual  plates 

RHIPICEPHALiE. 

{2.  Ventral  surface  without  adanal  plates. 

e.  Fourth  coxse  enormously  enlarged  .  DermaceiUor. 

e.  Fourth  coxae  not  unusually  enlarged. 

/.   Palpi  short,  second  segment  strongly  angular  ex- 
ternally    .....  HceniaphyscUig, 
J\  Palpi  long,  second  segment  not  strongly  angular 
externally. 

flf.  No  eyes      ....       A-poftifymfMi. 
g.  Eyes  present      .  .         .     Amblyomma, 

d  .  Ventral  surface  with  one  or  two  pairs  of  adanal  plates. 

Jl  Palpi  long  and  slender,  second  segment  twice  as  long  as 
broad,  or  more  .  .  .  .        Hyalomma. 

h\  Palpi  short  and  stout,  second  segment  at  least  as  wide 
as  long. 

i  Spiracular  area  comma-shaped  ;   external  adanal 

plate    when    present    usually    shorter     than 

internal  ....    Rhipicephalus. 

%,  Spiracular   area    subcircular ;     external    adanal 

plate  as  long  as  the  internal  Margaropus. 


Genus  Ixodes  Latr.,  Neumann  (31),  p.  108 
(  =  Euixo(les  Neum.  (34),  p.  445) 

Palpi  of  both  sexes  with  second  and  third  segments  hollowed 
internally  and  ensheathing  the  hypostome ;  apex  of  the  third  segment 
rounded  or  blunt,  not  acuminate.  Male  usually  with  seven  ventral  plates, 
a  small  pregenital ;  a  large  genito-anal  between  the  genital  orifice  and 
^^^  anus,  an  anal  which  embraces  the  anus  and  extends  posteriorly,  a 
P^^of  adanals  outside  the  latter,  and  usually  a  pair  of  epimerals  external 
^^  tke  others  and  abutting  against  the  coxoe  and  spiracular  area ;  the 
latter  oval.  Female  with  three  dorsal  grooves  posteriorly ;  spiracular 
^^  oval. 

This  genus  contains  a  very  large  number  of  species,  mostly  of  small 
^^,  and  parasitic  upon  mammals,  birds,  and  reptiles.  None  known  to 
^  pathogenetic. 

Genus  Ceratixodes  Neumann  (34),  p.  115 

Female  like  that  of  Ixodes  and  Eschatoophulu.^.     Male  differing  from 

that  of  these  two  genera  in  having  the  third  segment  of  the  pal[)  long, 

Acuminate,  and  far  sui'passing  the  point  of  articulation  of  the   fourth. 

Further  differing  from  male  of  IxoiU-s  in  having  the   second  and  third 

segments  of  the  palp  not  hollowed  internally. 

C.  pytuSy  the  only  known  species,  lives  parasitically  on  various  sea- 
jirds  (Guillemot,  etc.). 
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Genus  Eschatocepualur  Frauenf. ;  Neumaim  (32),  p.  290 
{  =  }Itejnaiatlor,  Neumann  (31),  p.  166) 

Female  like  that  of  Ixodes.  Male  differing  in  that  the  second  and 
third  segments  of  the  palp  are  convex  and  not  hollowed  internally.  Lef^ 
usually  long. 

Several  species  found  in  caves  and  principally  parasitic  on  bats. 

Genus  Amblyouma  Koch;  Neumann  (31),  p.  200 

A  pair  of  eyes  on  the  margin  of  the  dorsal  plate.  Mouth-parts  loo^ 
Male  witlioiit  adanal  scleritea. 

A  very  large  number  of  species,  principally  parasitic  upon  mammaliv 
have  been  described. 

Genus  Aponomma  Neumann  (31),  p.  180 

Very  closely  related  to  Amblyomma,  but  distinguishable  by  the  absence 
of  eyes.  The  species,  few  in  number,  are  parasitic  for  the  most  part  on 
tropical  reptiles. 

Genus  Hyalomua  Koch;  Neumann  (31),  p.  283 

Female  practically  indistinguishable  from  that  of  Amblyomma,  malo* 
distinguishable  by  the  presence  of  two  pairs  of  adana)  plates. 


The  small  number  of  known  species  arc  parasitic  upon   i 
(cattle,  etc.)  and  tortoises.     None  has  been  recorded  as  paUiogeuelic 
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Genus  HiEMAPHYSAUS  Koch;  Neumann  (30),  p.  326 

No  eyes.  Capitulum  transversely  oblong,  about  twice  as  wide  as 
long.  Palpi  conical ;  second  segment  externally  produced  into  a  strong 
angular  or  spiniform  process.  Spiracular  area  circular  or  comma-shaped. 
Coxa  of  first  leg  not  bifid  in  either  sex.  Male  without  adanal  plates, 
and  with  coxa  of  fourth  leg  of  normal  size. 

Genus  Dermaoentor  Koch ;  Neumann  (30),  p.  360 

Eyes   present.      Capitulum   wider    than    long,    transversely   oblong 

(lorsally ;  palpi  short  and  thick,  the  second  and  third  segments  hardly, 

if  at  all,  longer  than  wide.     Spiracular  area  comma- shaped.     Coxji  of 

first  leg  bispinate  in  both  sexes.     Male  without  adanal  plates,  but  with 

coxa  of  fourth  leg  greatly  enlarged. 

Genus  Rhipicephalus  Koch 

(  =  Eurkipicephalus  Neumann  (34),  p.  448) 

Eyes  present.  Capitulum  hexagonal.  Palpi  and  hypostome  short, 
tUrd  segment  of  palp  armed  below  with  a  backwardly  directed  spine, 
*««ond  and  third  segments  not  thicker  in  the  middle  of  their  length. 
Anal  groove  and  festoons  present,  coxa  of  first  leg  bidentate.  Spiracular 
^^  oval,  with  pointed  process.  Male  with  one  or  two  pairs  of  adanal 
platen. 

A  very  large  number  of  species,  principally  Afric«an,  have  been 
^^ribed.     A  few  of  them  have  been  discovered  to  be  pathogenetic. 

•  Genus  Margaropus  Karsch  (13),  p.  96 

i-Boophilus  Curtice;  Marx;  Neumann  (34),  p.  448;  Iiliipicephalus 

Neumann  (30),  p.  407) 

Differs  from  Rhipicephalus  in  having  the  external  margin  of  the 
*^n(l  and  third  segments  of  the  palpi  thicker  towards  the  middle. 
^^^  grooves  and  festoons  obsolete.  Spiracular  area  subcircular,  without 
P^^Mted  process. 

,j  The  one  known  species,  described  below,  is  the  aiuse  of  "  Texas  "  or 
.  *iedwater  fever"  infection  in  domestic  cattle.  It  is  widely  distributed 
'^  temperate  and  tropical  countries,  and  is  represented  by  several  more 
*"  less  geographical  varieties. 

DESCRIPTIONS  OF  THE  BEST-KNOWN  PATHOGENETIC  SPECIES 

Arana persiais  Fischer;  Neumann  (29),  p.  7  ;  (32),  p.  25:") 

,       Body  oval  in  outline,  much  longer  than  wide,  narrower  in  front  than 
2^hind ;  yellowish,  greyish,  or  reddish  in  colour.     Dorsal  surface  convex, 
^t,  or  excavated  above ;  rugose  and  shagreened,  the  marginal  sculpturing 
VOL.  11. — PT.  II  o 
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formed  of  irregularly  oblong  areas  impressed  with  a  circular  pit,  and  radiaUj 
arranged  with  regard  to  the  centre  of  the  dorsum.  Anteriorly  there  are 
two  recurved  series  of  eight  or  ten  fovese,  and  posteriorly  a  longer  median 
series  extending  from  near  the  centre  to  the  posterior  margin,  and  five 
or  six  shorter  radiating  series  on  each  side.  Smaller  fovese  at  the  anterior 
and  posterior  ends  exhibit  a  serial  arrangement  near  the  margin.  Ventral 
surface  with  a  median  row  of  foveas  behind  the  anus,  and  from  nine  to 
twelve  shorter  radiating  rows  on  each  side.  Marginally  the  foveae  form 
two  or  three  series.  In  addition  to  these  there  are  numerous  scattered 
foveie,  especially  anteriorly  and  posteriorly.  Integument  between  the 
foveas  wrinkled.     Spiracular  areas  semilunar  transverse. 

The  fertilised  and  distended /e//w/«  measures  up  to  10  mm.  long  by  6 
mm.  broad,  with  a  dorso- ventral  thickness  equal  to  about  half  the  width. 
In  the  undistended  state  the  rows  of  foveae  are  represented  by  grooves 
The  mnU  is  about  half  the  size  of  the  female,  and  is  flat  doi'sally,  with 
the  integument  grooved  as  in  the  undistended  female.  The  nyn^ 
resembles  the  male  i\\  general  appearance.  The  newly  hatched  larva  is 
a  little  more  than  0*5  mm.  in  length,  and  about  as  wide  as  long.  This 
species  occurs  in  the  southern  and  eastern  countries  of  the  Mediterranean 
area  (Algeria,  Syria,  Persia) ;  also  in  Russia,  Turkestan,  China,  and  C5ape 
Colony.  It  attacks  both  poultry  and  human  beings.  In  Persia  the  belief 
in  the  venom  of  its  bite  is  ]>revalent  and  historical. 

Argns  miniatus  Koch;  Neumann  (29),  pp.  9,  IC  ;  (32),  p.  255 

This  species  is  very  nearly  related  to  Arfjiu  jx^-^icw^,  the  only  difference 
that  Neumann  [(32),  p.  339]  mentions  being  the  less  scattered  arrange- 
ment of  the  granules  towards  the  margins  of  the  dorsal  surface.  The 
two  resemble  each  other,  and  differ  from  the  remaining  forms  of  the 
genus  in  that  the  sculpturing  of  the  margin  takes  the  form  of  mort 
regularly  rectangular  or  oblong  areas. 

It  occui-8  in  Central  America,  the  West  Indies,  the  Southern  Statei 
of  North  America,  and  also  in  New  South  Wales.  It  is  said  to  have 
been  taken  on  aittle,  but  appears  most  commonly  to  attack  poultij, 
infecting  them  with  spirillosis,  which  frequently  proves  fatal  (sec  /w**' 
Life,  V.  pp.  267  and  348,  1893;  vii.  p.  417,  18'95). 

Ornithodoros  mouhata  Murray  ;  Pocock  in  Sambon  (41),  p.  222 
(  =  0.  mvifniyl  var.  ccEca  Neumann  (32),  p.  256) 

Body  ovate,  a  little  wider  behind  than  in  front,  its  .anterior  arf 
posterior  borders  very  widely  rounded,  with  a  lateral  constriction  behiw 
the  level  of  the  third  leg;  yellowish -brown  in  colour  when  younft 
greenish -brown  when  adult,  turning  to  blackish  or  reddish -brown  i> 
alcohol.  Integument  studded  with  mammilliform  tubercles,  crenulated** 
the  base.  Dorsal  surface  exliibiting  three  pairs  of  longitudinal  groove^ 
each  arising  from  a  fovea,  and  ninning  obliquely  inwards  and  backwards; 
also  with  two  short  transverse  grooves,  one  in  front  of  the  other,  towtfui 
the  posterior  end.     Above  the  base  of  the  legs  a  longitudinal  supi'acoxw 


(TooTe,     Ventral  aurfaue  wilh  a  deep  pre-anal  groove  joining  the  stipra- 
»ial  grooves,  and  behind  il  three  pairs  of  loiigitiidinal  depressions. 

Xuej-(M.  SpiraculHT  area  semilunar  in  front,  above  the  supracoxul 
pMve.  Legs  Btroiigish,  grsnular  above;  fourth  1b<.'  half  as  long  again 
« ibL-  first ;  ubiw  and  lai-si  of  first  three  [wirs  with  three  t«etli  on  the 
upper  side,  a  proximal,  a  suhmedian,  and  a  chilal,  the  chital  tootli 
KKtiral,  the  others  rounded  apically :  fifth  leg  similarly  toothed,  but  the 
Meih  nnaller,  the  distal  tooth  of  the  tibia  absent,  and  the  second  or  the 
fBimvety  small,  and  in  the  proximal  half  of  llie  segment.  Length  of 
Alended  specimen  about  S  mm.,  width  C  or  7  mm, 

Tbis  species  is  wi(]ely  distributed  in  Africa  from  Uganda  and  German 

t  Africa  ID  the  east,  and  Congo  and  Angola  in  the  west,  to  Namaqnaland 

!  ihe  Transvaal  in   the  south.     From  the  earlier  describeit   fomi,  0. 

■lijmyi,  which  has  been  recorded  from  Somaliljind,  Ahyssini:!.  German 


w  .\frica.  and  the  Congo,  U.  mouliitiu.  differs  in  the  absence  of  eyes.  In 
^■iriifnyi  the«e  organs  are  placed  two  on  each  aide,  one  jiiat  above  the 
*«  of  tie  first  leg,  the  other  opposite  the  interval  between  those  of 
'•*  iec(md  and  third  piiire.  0.  itimibata,  called  hiho  in  Uganda, 
■"■ftu/n  in  Angola,  and  Uimpan  on  the  Lower  ZarabeB!,  i"  much 
**«<l«l  by  the  natives  of  these  countries.  Its  bite  is  now  known 
J*  be  (be  cause  of  tick  fever  or  relapsing  fever  in  man  in  tropical  Africa. 
^  rtsw  of  the  close  structural  similarity  between  V.  moulialii  and  0. 
"J"!"!.*!  and  the  overlap  of  their  geographical  range,  it  seenis  probable 
wth*  latter  species  will  also  prove  to  be  instninienUil  in  causing  human 
•Wllosis  infection. 

Ill  Mexico.  Florida,  and  Texas  there  is  im  allied  sfiecies,  0.  luriatla, 
™  Ule  of  which  proves  fata!  to  fowls  and  harmful  to  human  beings. 
Aweriorly  the  l>ody  is  narrowed  to  a  rounded  point,  the  tibiie  and  tarsi 
J  liie  legs  are  riirnished  above  with  three  tubercles  eacli,  much  sraidler 
liuisc    of    0.    vuAthala,    and    there    are    no    eyes.       Another    tick 
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AlfdoroHttS  talaje,  reaerabling  0.  turieala  in  geniral  form,  is  regarded  a  a 
greut  pest  to  mankind  in  Mexico  and  in  Columbia,  n-hera  it  is  known  u 
the  "ohincha"  It  also  occurs  in  Venezuela  and  Cbiln,  and  is  represenWd 
in  South  Europe  by  A.  conkeps  and  in  South  Africa  by  J.  cnpeiisw,  which 
only  differ  from  the  typical  form  in  points  of  minor  importance. 

Dermaeentw^  reliciilaiiis  FabTiciua ;  Neumann  (30),  p.  360 
Male:  dorsal  surface  variegated  brown  and  ^bite,  sometimes  out 
colour,  sometimes  the  other  predominating ;  the  anterior  elliptical  sra 
representing  the  dorsal  plate  of  the  female  has  a  white  edge  anil  tvo 
brown  stripes  over  the  cervical  grooves  and  one  or  more  spots  between 
them ;  the  posterior  area  is  marked  with  nine  large  bro«-n  blotches  form- 


ing two  procTirveil  transverse  rows  and  a  central  longer  stripe  ;  i 
brown  and  white;  the  white  areas  between  the  brown  blotches  specific 
with  brown  over  the  punctures.  The  entire  surface  marked  with  S«* 
and  coarse  punctures,  the  latter  especially  numerous  at  the  sides ;  * 
marginal  groove  ;  [talpi  longer  than  bypostome  ;  second  segment  expand'* 
distallyand  curved  above  with  a  backwardly  directed  spike.  Coxa  of  fi**, 
leg  strongly  bidentnte.  the  others  with  a  single  spine  ;  coxa  of  fourth  Wi 
twiee  or  thnce  as  large  as  that  of  the  third.  Length  about  fin 
width  about  2'5. 

Female;  distended  as  much  as   10   mm,  long  by  10  wide,  with  ' 
shnllow  lateral  constriction  ;  dorsal  plate  speckled  with  whita     Nff*?! 
emerged  female   depressed,   about  as  lar^e  as   the  male  ;    dorsal  p^M 
similarly  punctured ;  elliptical,  extending  back  as  far  as  the  third  1*^    m 
legs,  coloured  like  the  anterior  portion  of  the  dorsal  plat«  of  the  wt^'ir 
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eyes  in  the  anterior  half  of  its  lateral  border.  Posterior  area  with  a 
marginal  groove,  three  longitudinal  grooves  and  festooned  edge.  A 
membranous  tooth  on  the  dorsal  side  of  the  second  segment  of  the 
palp.    Cox»  spined  as  in  the  male. 

Widely  distributed  in  Europe,  Asia,  and  America.  It  is  the  carrier 
of  Vmfhuma  canis  in  Europe  (Nocard  and  Motas),  and  has  been  thought 
to  In-  resj)onsible  for  the  spotted  or  tick  fever  in  man  in  the  Rocky 
Mountains  (Wilson  and  Chowning). 

llinnaphfsnlis  leachi  Audouin  :  Nonmann  (30),  p.  'M7 

Male :  dorsal  plat«  yellowish-red,  half  «s  wide  as  long,  narrowed 
anteriorly,  covered  with  many  fine  punctuations ;  a  marginal  groove  and 
eleven  posterior  festoons.  Palpi  longer  than  hypostonie,  as  wido  as  long, 
triangular,  external  angle  of  the  second  segment  very  prominent,  with 
tH^o  pro<*eR8es ;  inferior  edge  of  third  with  a  backwardly  directed  spike. 
Coxa^  of  all  four  legs  with  a  short  spine.     Length,  3  mm. ;  width,  1  n. 

Female :  When  distended,  oval  in  sha|X}  ;  when  recently  enieiired, 
'le|ires8e<l  and  much  the  same  size  and  shape  as  in  the  male  ;  the  dorsal 
scute  oval,  much  longer  than  wide.  Palp  with  second  seirment  strongly 
produced,  and  spiniform  externally  at  the  proces.s  with  a  single*  ])ack- 
wnrdly  directed  spike.  Coxje  of  leg.^  spined  as  in  tlio  male,  but  less 
strongly.     Length  of  distended  $  about  9  mu).  ;  width  about  5  mm. 

This  species  is  especially  abundant  in  tropical  and  South  Afri<'a.  but 
\ii\s^  jilso  been  recorded  from  Algeria,  Egypt,  Sumatra,  and  N.  S.  Wales, 
h  is  commonly  parasitic  upon  large  caniivora,  an<l,  accfn-iling  to  Lonus- 
lmry(2(»).  conveys  the  haimatozoon  of  biliary  f<?v»*i-  {I\  ranis)  to  dogs  in 
^"i*li  Africa. 

Ani^dilOlunui  lull  nil, ii   Koch 

I      'H'f>y(nnii  6  + /i</.N'.S((/// $  Xeunianu  ('>1),  pj).  iMU;  auti  liTl) 

Male:  dr>rsid  plate  white,  variegated  with  brown,  a  pair  of  short 
'""Ki^udiual  stripes  in  front,  sometimes  nie<'tiug  the  ends  of  a  me<lia!i 
*t".nisversr  procurved  crescent ;  on  each  side  of  the  latter  au  outwardly 
ciirveil  .stripe,  and  behind  it  three  stripes,  a  median  lonir  one  and  a 
l^^tf-tiil  .<hort  running  forwards  innw  the  posteiior  submargiual  groove;, 
kiis  hrown,  with  vvhito  distal  spot  on  all  seguHjnts  except  first  and  last, 
^^'•t^al  pljite  finely  and  erjually  punctured,  with  marginal  ;;roove  con- 
tiniiHl  ])08teriorly.  Eyes  flat.  Coxa  of  first  leg  with  two  spines,  the 
'■-^tvrnal  longer;  of  foiu'th  leg  with  one  spine,  shorter  than  tlie  seirnient. 
^''^th  and  width  of  dorsal  plate  about  .">  mm. 

tVniale  :  with  <]orsal  plate  brown  or  white,  with  brown  covrrinir  the 
'■•'•'vical  groove  and  the  ocular  area  as  in  the  male.  Morsal  ])late  almost 
*'^  I'mg  as  wide  (3  mm.),  subtriangular  roundej]  behind,  th«'  ])ostero- 
I'ltHi'al  borders  nearly  straight,  sparsely  and  finely  j)nnclure(l  except  on 
'"f*  lateral  area,  where  the  })unctuations  are  ruimerous  and  deep.  Kyes 
'"^anls  the  anterior  fourth  of  the  plate,  fiat.      Spines  on  coxa  of  first  leg 
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about  as  wide  as  long.  Length  of  distended  female  up  to  24  mm.;  wid 
15;  newly  emerged  female  a  little  longer  than  male.  Nttmph:  broi» 
like  young  female ;  2  mm.  long.     Larva,  '7  mm.  long. 

Widely  distributed  throughout  tropical  and  South  Africa.  It  trai 
mits  "  heart-water  disease  "  in  sheep  and  goats  in  Cape  Colony  (Lounsbu 
(23)),  where  it  is  called  the  "Bont  or  Variegated  Tick." 

Rhipicephalus  appemliculatns  Neumann  (32),  pp.  270  and  336 

Male  differs  from  that  of  B,  bursa  principally  in  the  foUowi 
particulars : — Dorsal  scute  not  quite  covering  the  lateral  portions  of  t 
body  and  leaving  punctures  of  two  kinds,  some  minute  and  numero 
mostly  anterior  and  continuing  the  marginal  grooves ;  festoons  narrow 
mostly  twice  as  wide  as  long,  the  median  continued  into  a  coni< 
caudal  process,  twice  as  long  as  wide.  In  front  of  the  festoons  thi 
wide,  short,  longitudinal  grooves.  Ventral  surface  nearly  hairless; 
external  adanal  spinifomi  sderite.     Length,  4  mm. ;  width,  2*6  mm. 

Female  differing  from  that  of  //.  bursa  in  the  nature  of  the  puucti 
tion  of  the  dorsal  plate,  which  is  more  regularly  oval ;  eyes  larger  a 
more  posterior;  porous  areas  of  capitulum  smaller.  Occurs  up 
<lomestic  cattle  and  buffaloes  in  South  Africa,  and  infects  the  former  w 
the  sporozoon  of  African  "coast  fever"  (Lounsbury  (24)).  In  Soi 
Africa  it  is  known  as  the  "Brown  Tick.' 

Rhipkephdus  bursa  Can.  and  Fanz.  ;  Neumann  (30),  p.  391 

Male :  doi-sal  plate  half  as  long  again  as  ^vide,  narrowed  anterior 
reddish-brown,  covered  with  many  small,  equal,  and  close-set  punctui 
with  eleven  festoon.s,  marginal  groove,  a  short  median  groove,  and  t 
depressions  on  each  side  of  it.  Eyes  above  the  posterior  border  of  1 
coxa  of  the  second  leg.  Palpi  with  postcro- external  edges  of  seco 
and  third  segments  angular ;  outer  border  of  first  segment  conca 
giving  a  constricted  appearance  to  the  palpi.  Lower  surface  beset  w 
fine  hairs.  Adanal  plate  triangular,  with  equal  sides,  with  transve 
posterior  border  and  anterior  apex  remote  from  the  last  coxa ;  exter 
to  it  a  beak  spine.  Coxa?  of  last  three  pairs  \vith  two  spines.  Leng 
4*5  mm.  ;  width,  3  mm. 

Female  :  distended,  ovoid,  nearly  equally  wide  at  the  two  extrerait 
Newly  emerged  oval,  flat.  Dorsal  j)late  oval,  with  sinuous  marg 
almost  as  wide  as  long ;  eyes  near  the  raid<lle  of  the  margin ;  covei 
with  many  puncturc^s  of  equal  size  ;  dorsal  integument  with  margi 
groove  ;  three  longitudinal  grooves  and  jx)steriorly  festooned  ;  sometin 
two  additional  grooves  in  front.  Spiracular  area  oval,  ^vith  poste 
external  prolongation.  Coxa>  of  last  three  pairs  of  legs  with  a  sm 
antero-external  spine  and  a  small  blunt  posterior  process.  Length 
distended  f<nnale  up  to  1 7  mm.  ;  width,  9  ;  newly  emerged  female  4  ni 
long  by  2  mm.  wide. 

This  species  i.s  distributed  all  over  Africa,  in  S.   Europe,  the  W« 
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lies,  and  the  Malayan  Archipelago.  It  has  been  taken  off  horses, 
:tle,  sheep,  deer,  and  dogs.  In  Europe  it  conveys  Piroplasma  oiis,  the 
ase  of  "  heart- water  "  in  sheep  (Motas  (28)). 

Rhipkephalus  simus  Koch  ;  Neumann  (30),  p.  394 

Male :  dorsal  plate  nearly  twice  as  long  as  wide,  slightly  convex, 
hiniiig,  brown,  a  deep,  strongly  punctured  marginal  groove,  and  four 
ongiiudinal  series  of  coarse  punctures ;  lateral  border  and  festoons  un- 
(Minctured.  Eyes  flat.  Lower  surface  finely  punctured  with  scattered 
liairs ;  adanal  plate  triangular,  its  inner  edge  excavated,  outer  edge 
slightly  convex,  posterior  edge  oblique;  a  longish  external  spiniform 
process.  Coxae  of  last  three  pair  of  legs  with  two  spines.  Length,  4 
10  6  mm.,  width  2*2  to  3*5  mm. 

Female :  uniformly  brown,  dorsal  plate  scarcely  or  not  longer  than 
^ide,  with  numerous  punctuations  unequal  in  size,  the  finer  not  con- 
spicuous ;  eyes  flat,  a  little  l)ehind  the  middle  of  the  border.  Space 
between  the  porous  areas  of  the  capitulum  equal  to  their  diameter. 
Length  of  newly  emerged  female  6  mm.,  width  3  mm.,  distended  12 
nun.  long,  80  wide.  This,  like  other  members  of  the  genus,  is  originally 
African.  It  is  met  with  on  large  carnivora  and  hcrbivora,  and,  lik^- 
^fippeiuhruhtus,  infects  cattle  with  "  coast  fever"  in  South  Africa,  whero 
it  is  commonly  called  the  "Black-pitted  Tick." 

Mnraarojnis  annulatm  Say ;  Neumann  (30),  p.  407 

Male:  dorsal  plate  oval,  narrowed  anteriorly,  widest  opj)Osite  the 
■%nata,  reddish-brown  ;  l>eset  with  relatively  large  punctures  ;  marked 
posteriorly  with  three  grooves  ;  festoons  scarcely  marked.  Eijcs  often 
iDcon.spicuous.  Ventral  surface  hairy  ;  furnished  with  two  wvy  large 
•'ihequal,  subsimilar  adanal  plates,  on  each  side  extcn<ling  from  the 
posterior  coxa*  far  l)ehind  the  anus.  C'oxje  of  first  leg  with  a  blunt 
w^nor  process  and  posteriorly  bifid  ;  remaining  coxa^  with  weak  anterior 
*Pine.    Length,  alK)ut  2*25  ;  width,  1*25  mm. 

Femule :  elliptic;d,  as  wide  in  front  as  behind,  uniformly  coloured, 
^h  thri'c  integumental  grooves.  Dorsal  plate  small,  longer  than  wide. 
J^iuidetl  ]»ehind,  its  edges  pirallel  anteriorly.  Kyes  small  in  the  anterior 
tnird  of  tiie  lateral  margin,  (ienit^d  orifice  small,  ])etw(jen  the  anterior 
**^*an(l  in  front  of  the  genital  grooves.  Length  up  to  about  13  mm., 
^Mth  rh  mm.  ^ 

Thi.s  .species  is  widely  distributed  south  of  a])out  tlu^  40th  paralhd  of 
"•^rth  latitude.  It  is  piirasitic  in  its  adult  stages  upon  larg(?  maninialia, 
P"«cipally  domestic  ciittle. 

The  folkjwing  varieties,  diflcring  from  the  tyj)e  in  chanicters  of 
J^latively  small  importance,  have  been  described  : — ( 1 )  Tyi)ical  form 
^'n  X.  America  and  Mexico  ;  (2)  var.  uymtlinui^,  Mexico,  W.  Indies, 
'^^  8.  America  :  (3)  var.  arf/entitfus,  Buenos  Ay  res  ;  (4)  var.  (Jpcohmfus 
^'^Ue  Tick),   S.    Africa;  (5)  var.  ausfmlis,  Australia:  ((>)  var.   cowlntufi. 
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Japan  ;  (7)  var.  calcaratus,  S.  Europe,  N.  Africa.  Piroplasmu  Ugtmfm 
the  sporozoon  carried  by  this  tick,  prochices  the  disease  known  among 
English-speaking  people  as  "Texas"  or  ** red- water  fever,'  and  as*' 
Tristeza  "  in  S.  America. 


UFE-HISTORY  OF  TICKS 

The  habits  and  development  of  Rhipicepluilus  appeivdicxdatun  have  bee 
worked  out  in  detail  (see,  for  example,  Theiler  (44)),  and  will  serve  I 
illustrate  the  life-history  characteristic  of  mfiny  species  of  Ixodidie. 

Eggs  and  Ovipositi&n, — The  gorged  and  fertilised  female  falls  from  h 
host  to  the  soil,  and  after  a  short  delay  begins  to  lay  her  eggs  in 
sheltered  spot.  At  the  end  of  this  operation,  which  may  last  seven 
weeks,  she  dies.  The  eggs,  numbering  several  thousiinds,  are  oval  i 
shape  and  adherent.  Development  lasts  about  sixty  days  or  less,  accordii 
to  conditions.  The  newly  hatched  and  minute  young,  known  as  the  Jan 
has  only  three  pairs  of  legs  and  is  without  genital  and  spiracular  orifice 
With  the  hardening  of  the  integument  the  larva  gains  strength  ar 
activity,  and,  climbing  on  to  the  herbage,  waits,  with  outstretched  leg 
for  passing  cattle.  Having  found  a  host,  he  becomes  engorged  in  aboi 
six  days,  then  drops  to  the  ground,  and  lies  dormant  for  about  foi 
weeks  to  prepare  for  moulting.  The  larval  skin  is  then  cast  and  tl 
Hf/mjt/i,  with  four  piiirs  of  legs  and  spiracular  orifices  but  no  genit 
aperture,  emerges.  Its  behaviour  is  like  that  of  the  larva ;  havii 
secured  a  host  in  the  siime  way,  it  becomes  distended  with  V)lood  in 
week  or  ten  days,  then  falls,  and  hides  away  for  about  one  month,  whi 
the  metiimorphosis  into  the  iulult  is  being  completed.  The  nymphal  sk: 
is  then  shed,  and  the  mature  tick  appears  with  genitjil  orifice  ai 
secondary  sexual  characters  typiciil  of  the  male  or  female.  Both  Ian 
and  nymph  have  the  dorsiil  plate  relatively  larger  than  in  the  feraal 
but  smaller  than  in  the  male. 

The  mode  of  securing  a  host  by  the  adult  is  a  repetition  of  that  of  tl 
larva  or  nymph.  After  feeding  for  a  day  or  two  the  sexes  |xiir,  the  ma 
for  that  purpose  quitting  his  hold  of  the  host  to  insert  his  mouth-pai 
(?  containing  spermatophors)  into  the  genital  orifice  of  the  female,  wl 
remains  the  while  \vith  her  hyi>ostome  and  cheliceraB  firmly  embeddc 
The  male  alters  but  little  in  appearance  from  feeding,  but  the  feme 
becomes  enormously  swollen  before  dropping  to  the  ground,  usually  aft 
a])out  five  days  of  gorging,  to  commence  laying  her  eggs.  The  mal 
mav  remain  on  the  host  for  several  months  after  the  females  have  left. 
Thus  in  //.  appendiculatna  each  individual  in  the  course  of  its  existen 
must  find  a  host  three  times,  namely,  in  its  larval,  nymphal,  and  adi 
stages.  This  appears  to  be  true  of  the  majority  of  species.  It  is  tn 
for  instance,  of  It.  dnuL%  of  Iltemaphifstdis  kadii,  and  very  probably 
Ihrman-nfor  rdicidatns ;  but  not  of  all.  In  R.  bursa,  for  exjimple,  t: 
transformation  of  the  larva  into  the  nymph  takes  place  upon  the  ha 
the  larva  remaining  adherent  while  the  moult  is  effected.     The  nyml 


huwirver,  falls  to  the  ground  to  undergo  its  final  metamorphosis  (Motae). 
"'  if  tick,  therefore,  must  secure  a  host  twico ;  first  as  a  larvn,  second  as 
in  adult.  From  this  we  puss  to  Marffaropu."  tinitnUitvs,  in  which  the 
tniijfomuibioDs  both  of  larvn  into  nymph  and  of  nymph  into  adult  occur 
upwi  the  same  beast.  Once  only,  therefore,  namely  in  ita  larvul  sta^'e, 
tuK  this  sjiecies  to  find  a  host.  Thus,  a  coni]>lete  gradation  illustrating 
'«  progressive  evolution  of  parasitism  niity  be  traced  backwards  [mm 
IL  'imidaluf,  in  which  both  moults  are  effected  upon  the  host,  through  }!. 
hntt,  in  which  the  first  moult  takes  place  upon  the  host  and  the  second 
Upon  tile  ground,  to  R.  appmdkulatux,  in  which  )>oth  moults  ocvur  on  the 
piiiind  A  further  stage  is  exemplified  by  Htfclmitiia  irgt/ptium,  a  common 
tutle  tick,  but  one  as  yet  free  from  suspicion  of  being  pathogei 
vhicli  is  alleged  to  be  parasitic  only  in  ile  mature  condition.  FiniiUy, 
^vte  is  the  case  of  Ornil/iotlows  miniMa,  in  which  the  larval  stage  is 
futeil  within  the  egg-shell.  The  ruptiu-e  of  the  shell  and  the  larval 
Miili  take  place  at  the  same  time,  so  that  the  n)  mph  in  reality  emerges 
bun  the  shell  (Dutton  and  T<xl(l). 

Vttality  and  Limgevity. — IxodidsB  are  intolerant  of  dryness  and  soon 
ik  it  kept  without  moisture,  which  is  probably  essential  for  respiration. 
.On  (lamp  soil,  however,  they  may  survive  a  considerable  lime  without 
ifdiiig.  I.iirvK  and  nym])hs  of  Ixoilts  rkinvs,  the  English  sheep  tick, 
'We  been  kept  alive  in  damp  moss  for  eighteen  ami  nineteen  months 
ifcpeclively.  Some  distended  nymjihs,  after  twelve  months'  confine 
iKni,  moulted  into  the  adult  stage  and  lived  thereafter  fifteen  months, 
tlwii  proving  their  capacity  to  exist  without  a  fresh  supply  of  food  foi- 
*»o  years  and  three  months  (Wheler  45j.  Similar  experiments  upon 
teipiwl  speciea  have  shewn  that  larvip,  nymphs,  and  adults  may  be  kept 
■lire  imfetf  for  several  months  in  a  damp  environment.  M^gnin,  indeed, 
^  in  his  possession  examples  of  .-irgns  prrskus  which  were  still  alive 
►iter  (our  years'  starvation.  From  these  data  it  is  evident  that  there  is 
'•<  prcraing  necessity  to  secure  a  host  by  ticks  living  in  their  natural 
■WnundingB,  except  in  so  far  as  they  are  saved  thereby  from  destniction 
'%  insectivorous  enemies  or  inimical  climatic  conditions.  Feeding,  how- 
xt  least  in  a  great  majority  of  cases,  appears  to  l>e  essentia]  for 
'ffnwth  and  exuviation. 

Strongly  contrasted  with  the  longevity  which  accompanies  starvntion 
*■'  wrest  of  growth  is  the  brief  duration  of  life  when  feeding  and 
Ipwulh  are  unhindered.  In  the  case  of  !i.  appemUndatus  it  appears 
•he  total  length  of  life  from  the  hatching  of  the  larva  to  the 
I  ^'nineticement  of  oviposition,  after  which  the  female  dies,  averages 
'"'nt  eleven  weeks,  a  period  probably  not  longer  than  that  for 
l*''i':h  a  larva  or  nymph  might  survive  unfed  under  favourable  con- 
'*^f>ns.  Very  much  shorter- lived  is  the  South  African  variety  of  M. 
^vlntus,  which  passes  its  whole  life  upon  the  same  host,  only  three 
Jwlti  being  required  from  the  hatching  of  the  egg  to  arrival  at  maturity 
((wxonandSpreutI). 

Frrtililii—] r.A'idx  are  extraordinarily  fertile.     The  number  of  eggs 
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produced  by  a  female  at  a  single  laying  has  been  variously  computed  at 
from  several  to  twenty  thousand  [Barber  (1)].  Since  fertility  is  a 
measure  of  mortality,  the  two  varying  directly,  it  is  evident  that  the 
destruction  of  these  ticks  at  some  period  of  their  life-history  must  be 
enormous ;  and  since  it  is  probable  that  comparative  safety  is  secured 
when  a  host  has  been  found,  it  may  be  inferred  that  the  dangers  to 
which  they  are  subjected  fall  upon  them  principally  during  development 
in  the  egg  or  during  the  quiescent  stages  preceding  exuviation. 

A  marked  exception  in  the  matter  of  fertility  is  OrnitJuHloros  iiioultata^ 
which,  according  to  Dutton  and  Todd,  lays  at  most  only  about  one 
hundi'cd  and  forty  eggs.  This  relatively  low  grade  of  fecundity  is 
coiTclated  with  a  mode  of  life  and  environment  very  diff'erent  from  those 
characteristic  of  the  Ixodidae.  This  animal  lives  in  native  huts  in 
tropical  Africa.  It  hides  during  the  day  in  the  dust  and  straw  on 
the  floor  or  in  crevices  in  the  muddy  walls,  and  comes  out  at  night  to 
suck  the  blood  of  sleeping  irmiates.  It  does  not  appear  to  ditier  greatly 
in  its  habits  from  the  common  bed-bug  (Cimcr,  kdukirlus).  By  the 
nature  of  its  habitat  it  is  no  doubt  saved  from  a  large  percentage  of  the 
destructive  agencies  to  which  field  ticks  succumb. 

Stages  of  Growth  and  Infection. — The  stages  of  growth  at  which  ticks 
are  capable  of  giving  rise  to  spirillosis  or  piroplasmosis  vary  in  different 
cases  according  to  the  specific  nature  of  the  pathogenetic  organism.  In 
M.  annulatus  it  has  been  proved  experimentiilly  and  independently  by 
Smith  and  Kilborne  in  North  America,  by  Ligni^res  in  the  Argentine,  and 
by  Koch  in  Africa,  that  when  larvae  hatched  from  eggs  of  females  fed  or 
infected  cattle  are  placed  on  he<althy  beasts,  "Texas"  or  "  red-watei 
fever"  appears  in  due  course.  On  the  other  hand,  in  JihijncepJialn. 
bursa  both  larvjTj  and  nymphs  hatched  from  <»ggs  laid  by  females  gorgec 
on  the  blood  of  diseased  sheep  are  incapable  of  infecting  members  of  J 
liealthy  flock.  Oidy  the  sexually  mature  individual  is  capable  of  conveying 
the  malady.  In  this  insUmce,  as  in  that  of  M.  a.nnulafii.%  the  sporozoa  pas. 
from  the  mother  tick  into  her  eggs,  and  thence  to  the  larva} ;  but  wherea 
in  M.  annulatus  they  are  transmitted  by  the  larva  into  the  blood  o 
cattle,  in  R.  bursa  and  //.  leMc/ti  they  remain  quiescent  and  harmle& 
thiough  the  larval  and  nymphal  stjiges,  only  becoming  pithogeneticallj 
active  when  the  sexu«ally  mature  (condition  is  reached. 

K.    I.    IVxiQCK. 
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TEYPANOSOMIASIS 

By  J.  W.  W.  Stephens,  M.D. 

The  first  case  of   human  trypanosomiasis  or   trypanosome  fever  in  a 

European   was    that   described    by   Dutton.       The   peculiar    symptoms 

exhibited  by  this  case  were — (1)  Irregular  patches  of  a  congested  or 

cyanosed  character  appearing  on  different  parts  of  the  body,  the  colour 

slowly  returning  after  pressure ;     (2)   an   oedematous    condition    most 

"^ted  on  the  face  below  the  eyes,  varying  in  degree  from  a  scarcely 

noticeable  swelling  to  well-marked    puffiness ;    (3)  an    increase  in  the 

f^'pinitions  to  twenty  or  thirty,  periodical  accelerations  occurring  quite 

^^pendently  of  any  rise  in  temperature ;  (4)  an  increase  in  the  pulse- 

"^  from  seventy  to  one  hundred  and  twenty,  the  increase  shewing  no 

'7*^on  to  the  temperature ;  (5)  an  irregular  intermittent  temperature, 

•    ^^^  a  few  days  of  normal  and  subnormal  terbperature.      To  this  list 

®'  ^V'lnptoms  must  be  added,  in  the  light  of  subsetjuent  investigation, 

^Warged  glands.     Though  not  noticeably  enlarged  in  this  classical  ciise, 

^^  in  enlarged  glands  we   have  perhaps  the  most  valuable  means  of 

°^'^i^g  a  certain  diagnosis  in  the  early  stages  at  least,  for  later  they 

appear  to  diminish  again.     For  many,  if  not  all,  of  the  above  symptoms 

y    be  absent,  and  we  may  be  confronted  with  an  illness  in  which 

Pp^tically   the  only  definite  sign  is  an  evening    rise  of    temperature. 

..'Tr^anosome  fever  is  caused  by  T.  gambiense,  and  naturally,  in  making  a 

^^^^osis,  one  would  turn  to  the  blood  examination.     But  here  wc  are 

^^^    with   the   difficulty,   that  for   long   periods   the   try[>anosonie    may 

®^Y^o  detection.     It  would  appear  from    the   observations  of   Thomas 

*"^    Breinl  that  the  trypanosomes,  at  least  in  natives,  have  a  periodicity, 

""^•^  hey  are  absent  for  perhaps  months,  and  then  appear  in  tlie  l)loo(l, 

'^^[h^pg  only  in  scanty  numbers  for  a  day  or  more,   to  disapi)ear  ugain 

^"^•^fiquently. 

linlarged  glands  are  perhaps  one  of  the  earliest  signs  of  the  disease, 
^^^  from  the  observations  of  Greig  and  Gray,  Dutton  and  Todd,  it 
*J^IH*^rs  that  by  puncture  with  a  hypodermic  needle  the  trypanosomes 
^  H.lmo6t  invariably  be  found  in  the  glands.  In  some  cases  certain  of 
^  symptoms  of  sleeping  sickness  are  observed,  ejf.  apathy,  feeble 
'''^^^^ory,  somnolence,  and  pruritus.    The  disease  is  transmitted  by  one  of 
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the  tsetse-flies,  viz.  Glossiiia  jHilpalm  {ride  p.  183) ;  but  other  species  also, 
at  present  unknown,  are  carriers. 

Diagnosis. — The  question  will  at  first  arise  whether  the  case  is  one 
of  an  irregular  temperature  due  to  malaria.  The  absence  of  malana 
parasites  (provided  no  quinine  is  being  taken),  and  the  failure  to  control 
the  temperature  by  quinine  will  negative  this  cause.  In  case  trypano- 
somes  cannot  be  found  even  in  centrifugalised  citrated  blood,  recourse 
should  be  had  to  gland  pimcture,  e.g.  the  posterior  cervical  lymphatic 
glands. 

Prognosis. — This  is  grave  in  the  European,  though  apparently 
recovery  may  occur.  The  disease  may  terminate  in  sleeping  sickness,  or 
by  intercurrent  disease. 

Treatment. — The  only  drugs  that  have  been  found  to  l>e  of  value  are 
arsenic  and  an  aniline  body  called  by  Ehrlich  "  trypanred."  Thomas 
recommends  a  meta-aniline  arsenic  compound  called  "  atoxy  V  or  the  com- 
bined use  of  this  and  trypanred.  The  dosage  of  atoxyl  for  man  is  not 
as  yet  accurately  determine ;  but  Thomas  recommends  5  c.c.  of  a  5 
per  cent  solution  to  be  administered  twice  a  week,  intravenously  if 
possible.  The  dose  should  be  increased  gradually  so  long  as  no  bad 
symptoms,  e.g.  headache  and  nausea,  appear ;  and  in  all  cases  must  be 
given  in  as  high  a  dose  as  possible,  and  over  extended  periods,  probably 
of  a  year  or  more.  Trypanred  may  be  given  in  the  form  of  a  pill  (of 
5  grains).  The  success  of  both  these  drugs,  so  far  used  only  in  the  treat- 
ment of  arnmal  trypanosomiasis,  is  moreover  only  a  partial  one,  but  they 
are  the  only  ones  at  our  disposal.  Trypanred,  moreover,  stains  the  tissues 
(of  animals)  during  life,  and  the  physician  must  decide  between  this 
objectionable  property  and  the  possibility  of  recovery  in  an  otherwise 
almost  certainly  fatal  dise^ise.  (For  a  further  account  of  trypanosomiasis 
vide  under  Sleeping  Sickness,  and  for  a  description  of  trypanosomes,  p.  20.) 

J.  W.  W.  STEPHEN'S. 

REFERENCES 

1.  Drrn»N.     Thompsov-Vfrfrs  Lahcratorn  Ueps.,  vol.  iv. — 2.  Thomas  and  Bkeiki- 
Liverpool  School  Tropical.  Mrdicinr.     Memoir  xvi. — 3.  Thomas.     Ibid. 

J.  w.  w  s 


slep:ping  sickness 

Bv  G.  C.  Low,  M.B. 

Synonyms. — Native  names: — In  Uganda,  Mmigofa  (To  nofi) ;  on  tfc»^ 
Congo  as  Vela  Kwa  Tuhi,  MnnuiKjina,  Lidangolo,  NHansiy  o^ 
Xloln  ;  Xddvnne  (of  the  Wolofs) ;  JJndnnc  (of  the  Sereres^  ' 
Tonudtehue  (of  the  Mendelis).      Euioi)ean   names : — Sleeping  drops^'^ 
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negro  lethargy^  African  lethiirgy,  African  meningitis,  Maladic  du 
Soinmeil^  Maladie  des  DonneurSy  die  SMafkrankheit  der  Negei',  Mahitiia 
del  SonnOj  Doenca  de  Somno,  Enfermedad  del  Sueho, 

Definition. — An  endemic  disease  of  different  parts  of  equatorial 
Africa,  characterised  by  a  gradually  increasing  lethargy,  mental  and 
physical  degeneration,  elevated  evening  temperatures,  rapid  pulse,  pro- 
gressive emaciation,  tremors ;  after  running  an  acute  or  chronic  course 
it  almost  invariably  terminates  fatally. 

History. — The  first  recorded  account  of  this  disease  was  published  by 
Winterbottom  in  1803  in  a  paper  entitled  **  An  Account  of  native  Africans 
in  the  neighbourhood  of  Sierra  Leone."  Later  in  1868  Dumontier  and 
Santelli  independently  wrote  on  the  subject,  and  in  the  following  year 
Guerin  described  cases  seen  in  the  West  Indies  among  imported  slaves. 
Corre,  who  personally  investigated  sleeping  sickness  in  parts  of  Sene- 
gambia  in  the  seventies,  was  the  first  to  give  a  fairly  accurate  and  com- 
plete account  of  the  malady,  but  as  his  investigations  took  place  before 
the  more  recent  and  important  advances  in  neurology  were  made,  his 
account  of  many  of  the  symptoms  is  necessarily  inipcrfect. 

In  1891  Sir  S.  Mackenzie  published  the  record  of  a  case  which  was 
under  his  care  in  the  London  Hospital,  and  in  1900  Sir  P.  Manson  (24) 
gave  complete  descriptions  of  two  cases  in  Charing  Cross  Hospital,  sent 
from  the  Congo  by  Dr.  Grattan  Guinness.  The  pathology  of  these  latter 
cases  WHS  very  thoroughly  worked  out  by  Dr.  Mott,  who  first  accurately 
described  the  pathological  histology,  and  pointed  out  that  the  lesion  was 
one  of  the  nature  of  a  meningo-encephalitis. 

More  recently  a  severe  outbreak  of  sleeping  sickness  in  Uganda  has 
^in  attracted  much  attention  to  the  subject,  and  many  observers  have 
lately  advanced  our  knowledge  of  the  symptoms  and  etiology  of  the 
<ii«ease  very  considerably. 

In  Senegambia  Marchoux  and  Dantec,  in   Portuguese  West  Africa 

^'^gal   and    Lepierre,  and   a    Portuguese    Commission    have   all    paid 

special  attention  to  the  etiology.     Brodin  on  the  Congo,  Cook,  Mofl'at, 

^!^^    Hodges  in  Uganda  have  also    contributed   papers  on  the  subject, 

/^^^flv  dealing  with  the  prevalence  and  distribution  of  the  disease   in 

Jn  1902  the  Royal  Society,  in  conjunction  with  the  Foreign  Office, 
y.^^  out  a  special  commission  to  Uganda  to  investigate  the  cause  of  the 
^^^i^^e,  and  subsequent  ones  have  followed  this  first  one  to  continue  the 

J  .^"^^tigations  and  conduct  further  research  on  the  spot.  In  1903  the 
^^^^rpool  School  of  Tropical  Medicine  sent  out  an  expedition  for  similar 

P^^I:K)8e8  to  the  Congo,  and  their  report  was  published  in  1900. 

•  I  ^  Geographical  Distribution. — The  endemic  area  of  sleeping  sickness 
^  Suited  to  parts  of  equatorial  Africa,  and  it  has  never  been  known  to 

*  .^^t  anv  one  who  has  not  atone  time  or  another  been  resident  within 
^^    are.: 

The  scanty  information  formerly   available    referred  principally   to 
>roL.  II — PT.  II  p 
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places  near  the  coast,  but  lately  Sir  P.  Alanson,  from  information  from 
the  Congo,  has  narrated  accounts  of  the  epidemic  prevalence  of 
sleeping  sickness  far  in  the  intenor  of  the  continent.  He  saya  it  is 
especially  prevalent  in  the  districts  of  Baol  and  Sin  on  the  Senegamhia 
coast,  and  is  also  found  on  the  Rio  Grande,  at  Sierra  Leone,  at  Cape 
Mesurado  in  Liberia,  on  the  Spice  Coast,  the  Ivory  Coast,  the  Gold  Coast, 
at  Fernando  Po  and  other  islands  in  the  Bight  of  Biafra,  in  the  Gaboon 
region,  along  the  valley  of  the  Ogoou6,  in  the  Cameroons,  in  the  French 
Congo,  and  at  St.  Paul  de  Loanda,  and  other  parts  of  Portuguese  West 
Africa.  It  appears  to  be  rare  at  the  mouth  of  the  Congo,  but  is  extremely 
prevalent  at  many  places  on  the  lower  reaches,  particidarly  on  the  south 
side  of  the  river,  at  Mbanza  Manteka  and  Mukimbungu,  for  example; 
and  also  somewhat  farther  south,  at  San  Salvador  in  Portuguese  territory. 
It  occurs  intermittently  as  one  advances  up  the  river,  and  at  LukololA, 
300  miles  above  Stanley  Pool,  it  is  said  to  be  much  dreaded  by  the 
natives,  Glave  remarking  of  this  district  that  the  bitterest  malediction 
one  negro  can  pronounce  on  another  is  Ouxi  na  n^tolo — "  May  you  die  of 
sleeping  sickness."  Recently  Dr.  Todd  has  shewn  that  the  opening  up  of 
the  country  has  caused  an  alarming  spread  of  the  disease  towards  the 
upper  reaches  of  the  river. 

In  1900  Cook  first  discovered  that  sleeping  sickness  existed  in 
Uganda,  and  since  that  date  the  disease  has  spread  widely,  keeping,  how- 
ever, more  or  less  limited  to  the  north  shore  of  the  Victoria  Nyanza  Lake. 
The  epidemic  apparently  started  in  Usoga,  and  from  this  centre  has 
spread  to  the  north  of  Buddu  in  the  west,  and  down  to  Kisiunu,  the 
rail -head  in  the  east.  Northwards,  Cook  has  recorded  cases  from 
Kiadondo,  but  it  does  not  seem  to  have  spread  much  in  this  direcdon, 
as  it  is  unknown  in  some  of  the  northern  provinces,  and  in  Unyopo. 
But  quite  recently  it  has  spread  from  Uganda  to  the  districts  about  the 
Albert  Lake.  Southwards,  in  1902  it  had  not  crossed  the  Katonga  river 
in  the  west,  but  had  crossed  Kavirondo  Bav  and  extended  down  almost  to 
the  Kuya  river  in  the  cast.  Its  centre  of  virulence  has  been  in  L^soga,  in 
Chagwe,  around  FiHtebbe,  the  seat  of  the  government,  and  also  in  all  the 
islands  adjoining  the  mainland,  from  the  Sese  group  in  the  west  to  the 
Kavirondo  islands  in  the  east,  some  of  those  latter  areas  having  been 
deciraatod  by  this  scourge.  So  far  it  has  not  been  reported  in  German 
East  Africa,  and  it  is  unknown  among  the  Nandi  and  Masai  tribes  who 
inhabit  the  territories  of  British  East  Africa  east  of  Kisumu.  The  limits 
of  the  area  of  sleeping  sickness  extend,  therefore,  from  Senegal  in  the 
north  to  San  Paolo  de  Loando  or  even  beyond  in  the  south,  the  Congo 
river  and  Uganda  also  being  affected.  It  would  seem  probable,  there- 
fore, that  as  our  knowledge  of  Africa  extends,  this  disease  will  be  found 
ondemic  here  and  there  throughout  the  b«asins  of  the  Senegal,  the  Niger, 
the  Nile,  the  Congo,  their  affluents,  and  in  the  hinterlands  of  most  of  the 
West  Coast  areas  contained  between  the  above  mentioned  limit&  Its  dis- 
tribution in  the  endemic  area  is  sometimes  capricious.  On  the  we«t  coast 
of  Africii  and  the  Congo  it  apjjears  to  pick  out  a  village  here  and  there, 
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decimating  the  inhabitants,  whilst  neighbouring  villages  may  be  absolutely 
or  relatively  immune.  Corre  mentions  that  the  garrisons  of  Joal  and 
Portudal  in  Senegambia  are  exceedingly  liable  to  the  disease,  and  that 
when  it  breaks  out  in  the  neighbouring  districts  the  villagers  abandon 
their  homes — so  great  are  its  ravages,  and  so  much  is  it  dreaded.  The 
late  Dr.  Walfrideson  stated  that  in  Mukimbungu,  a  small  village,  several 
deaths  sometimes  occur  in  a  week,  and  that  few  weeks  pass  without  a 
death  from  this  cause,  whereas  in  other  villages  not  very  far  away,  the 
disease  is  known  only  by  hearsay.  There  are  also  very  large  districts 
within  the  endemic  limits  where  it  rarely  if  ever  occurs,  for  example,  the 
Niger,  parts  of  the  Grold  Coast,  and  Lagos. 

In  the  days  of  the  slave-trade  a  considerable  proportion  of  the  mor- 
tality among  the  slaves  during  the  voyage  across  the  Atlantic  was  said 
to  be  due  to  sleeping  sickness.  Moreover,  we  have  evidence  that  the 
liability  to  the  disease  persisted  after  the  slaves  had  landed  in  America  ; 
remaining  dormant,  as  it  were,  to  shew  itself  later,  perhaps  not  until 
after  several  years  of  good  health.  Such  a  case,  according  to  Sir  P. 
Manson,  occurred  some  years  ago  in  England.  A  negro  boy  from  the 
Congo  died  of  the  disease  at  a  training  school  at  Colwyn  Bay,  North 
Wales,  although  he  had  resided  for  three  years  in  this  country  in  good 
health  before  the  symptoms  declared  themselves.  Kecently  white 
people  have  died  of  sleeping  sickness  in  England  and  Belgium,  but  in 
every  case  only  after  having  lived  for  some  period  in  an  endemic  area. 
The  same  applies  to  the  negroes  imported  to  the  West  Indies  in  the  old 
days ;  only  those  who  had  lived  in  Africa  acquired  the  disease,  nor  did 
it  spread  to  the  indigenous  native ;  in  Martinique,  according  to  Guerin 
who  studied  the  complaint  there,  it  did  not  occur  in  negroes  who  had 
been  resident  on  the  island  for  more  than  ten  years. 

Local  IHstribution.  —  Walfrideson,  writing  of  the  disease  as  seen 
on  the  Congo,  states  that  several  cases  may  occur  in  the  same  families 
and  among  brothers  and  sisters,  that  a  father  and  mother  may  die  from 
the  disease,  and  subsequently  some  of  the  children  develop  it  after  an 
interval.  On  the  other  hand,  it  may  happen  that  the  children  suffer 
while  the  parents  do  not,  but  the  commonest  sequence  of  events  is  for 
individuals  to  be  picked  out  singly  in  families  exposed  to  the  same  con- 
ditions. Corre's  testimony  is  to  the  same  effect,  and  the  same  holds 
good  for  Uganda. 

Predisposing  Causes. — Age,  sex,  and  occupation  have  little  influence, 
either  as  regards  liability  or  immunity.  According  to  Walfrideson 
the  age-incidence  is  mainly  between  five  and  fifteen,  very  old  people — 
that  is,  above  forty — appearing  to  be  exemj)t.  Corre  i)laces  the  petiod 
of  greatest  liability  from  the  twelfth  to  the  nineteenth  year.  In  Uganda 
the  disease  is  frequent  in  young  children  and  niiddle-aged  individuals. 
It  Ls  also  seen,  however,  in  natives  well  over  forty.  No  age  seemed  to 
be  exempt.  Race  is  now  known  not  to  play  an  important  part.  Any 
one  is  liable  to  acquire  sleeping  sickness,  but  as  the  negro  is  more  ex- 
posed to  the  cause,  he  gets  it  much  oftener  than  the  European,  who 
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the  tsetse-flies,  viz.  Glossina  palpahs  {tide  p.  183) ;  but  other  species  also, 
at  present  unknown,  are  carriers. 

Diagnosis. — The  question  will  at  first  arise  whether  the  case  is  one 
of  an  irregular  temperature  due  to  malaria.  The  absence  of  malaria 
parasites  (provided  no  quinine  is  being  taken),  and  the  failure  to  control 
the  temperature  by  quinine  will  negative  this  cause.  In  case  trypano- 
somes  cannot  be  found  even  in  centrifugalised  citrated  blood,  recourse 
should  be  had  to  gland  pimcture,  e.g.  the  posterior  cervical  lymphatic 
glands. 

PpogTiosis. — This  is  grave  in  the  European,  though  apparently 
recovery  may  occur.  The  disease  may  terminate  in  sleeping  sickness,  or 
by  intercurrent  disease. 

Treatment. — The  only  drugs  that  have  been  found  to  be  of  value  are 
arsenic  and  an  aniline  body  called  by  Ehrlich  "  trypanred."  Thomas 
recommends  a  meta-aniline  arsenic  compound  called  "  atoxyl,"  or  the  com- 
bined use  of  this  and  trypanred.  The  dosage  of  atoxyl  for  man  is  not 
as  yet  accurately  determine ;  but  Thomas  recommends  5  c.c.  of  a  5 
per  cent  solution  to  be  administered  twice  a  week,  intravenously  if 
possible.  The  dose  should  be  increased  gradually  so  long  as  no  bad 
symptoms,  e.g.  headache  and  nausea,  appear ;  and  in  all  cases  must  be 
given  in  as  high  a  dose  as  possible,  and  over  extended  periods,  probably 
of  a  year  or  more.  Trypanred  m«ay  be  given  in  the  form  of  a  pill  (of 
5  grains).  The  success  of  both  these  drugs,  so  far  used  only  in  the  treat- 
ment of  animal  trypanosomiasis,  is  moreover  only  a  partial  one,  but  they 
are  the  only  ones  at  our  disposal.  Trypanred,  moreover,  stains  the  tissues 
(of  animals)  during  life,  and  the  physician  must  decide  between  this 
objectionable  property  and  the  possibility  of  recovery  in  an  otherwise 
almost  certainly  fatal  diseiise.  (For  a  further  account  of  trypanosomiasis 
ri^^  under  Sleeping  Sickness,  and  for  a  description  of  trypanosomes,  p.  20.) 

J.  W.  W.  Stephens. 
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SLEEPING    SICKNESS 

Bv  G.  C.  Low,  M.B. 


Synonyms. — Native  names: — In  Uganda,  Momjota  {To  iuhI)-,  on  the 
Congo  as  Yela  Kim  Tula,  Manunfjim,  LiUniqolo^  X'ftin.^i,  or 
X'tohi ;  Neliivane  (of  the  Wolofs) ;  Ihuhine  (of  the  Sereres) ; 
Toruahehue  (of  the  Mendehs).     European   names: — Slerpiiuj  drops t/l 
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negro  Ifl/uiri/i/,  African  lelhiinii/,  African  vitniiigiiis,  Mnlndif  rfal 
SommeU,  Maladie  df.»  Voniuturs,  die  Sdilafkrankheit  dei-  Ne-ffe';  J/afa/Zift  I 
del  tionno,  Dornca  de  Smnno,  Eii/ertnedad  did  Sveiio. 

Definition. — An  endemic  dbeaBe  of  different  piirte  of  eqnnborial  I 
kfrica,  characterised  by  a  giadually  increasing  iothurgj',  mental  i 
ifaysical  degeneration,  elovated  evening  temperatures,  rapid  pulse,  pro-  I 
!  emaciation,  tremors ;  after  running  an  aeul«  or  chronic  course  \ 
t  nlmoel  invariably  terminates  fatally. 

History. —The  first  recorded  account  of  this  disease  was  published  h 
^int«rbottom  in  1 H03  in  a  paper  entitled  "  An  Account  of  native  Africans  I 
eigbbourhood  of  Sierra  Leone."     J^atar  in    1868  Dumonlier  and  ^ 
"iSanlvlU  independently  wrote  on  the  subject,  and  in  the  following  year 
Ouiiriii  described  cases  seen  in  the  West  Indies  among  imported  slaves. 
Corre,  who  personally  Investigated  sleeping  sickness  in    parts  of  Sene- 
pmbia  in  the  seventies,  was  the  first  to  give  a  fairly  accurate  and  com- 
fete  occoimi  of  the  malady,  but  as  his  investigations  took  place  befor«  . 
lie  more  recent  and   im[)ortanc  advances  in  neurology  were  made,  his  I 
wuit  of  many  of  the  symptoms  ie  necessarily  imperfect 
In  1891  Sir  S.  Maclcenzie  published  the  recoi'd  of  a  case  which  was 
JlUider  his  care  in  the  London  Hospital,  and  in    1900  Sir  P.  Manson  (24) 
B  complete  descriptions  of  two  cases  in  Charing  Cross  Hospital,  sent 
1  the  Congo  by  Dr.  Grattan  Ciuinness,     The  pathology  of  these  latter 
s  WHS  very  thoroughly  worked  out  by  Dr.  Mott,  who  lirst  accurately 
•cnbed  the  pathological  histology,  and  pointed  out  that  the  lesion  was 
u  of  the  nature  of  a  meningo-encephalitis. 

More  recently  a  severe  outbreak  of  sleeping  sickness  in  Uganda  has 
un  attrHCted  much  attention  to  the  subject,  and  many  observers  have 
tely  advanced  our  knowledge  of  the  symptoms  and  etiology  of  the 
a  Tory  considerably. 
In   Senegambia  Marchoux  and  Dantec,   in    Portuguese  West  Africa  ■ 
gigal    and    Lepierre,   and    it    Portuguese    Commission    have    all    paid  ' 
Especial  attention  to  the  etiology,     firodin  on  the  Congo,  Cook,  Mol^at,   < 
KoA   Hodgea  in  L'ganda  have  also   contributed  papers  on  the  subject, 
chiefly  dealing  with  the  prevalence  and  distribution  of  the  disease  in 
tbooo  parte. 

In  1902  the  Royal  Society,  in  conjunction  with  the  Foreign  Office,   , 
Mnt  out  a  special  commission  to  Uganda  to  investigate  the  cause  of  the 
dlMMe,  and  subsequent  ones  have  followed  this  first  one  to  continue  the    | 
inrostigations  and  conduct  further  research  on  the  spot.     In  lti03  the 
Livcrjiool  School  of  Tropical  Medicine  sent  out  an  expedition  for  similar 
purposi.'s  to  ibe  C'ongo,  and  their  report  was  published  in  1906. 

Geographical  Distribution. — The  endemic  area  of  sleeping  sickness 
'a  limited  to  parts  of  eqiuitorial  Africa,  and  it  has  never  been  known  to 
Bct  any  one  who  has  not  atonu  time  or  another  been  resident  within 
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places  near  the  coast,  but  lately  Sir  P.  Manson,  from  information  from 
the  Congo,  has  narrated  accounts  of  the  epidemic  prevalence  of 
sleeping  sickness  far  in  the  interior  of  the  continent.  He  saya  it  i» 
especially  prevalent  in  the  districts  of  Baol  and  Sin  on  the  Senegambia 
const,  and  is  also  found  on  the  Rio  Grande,  at  Sierra  Leone,  at  Cape 
Mesurado  in  Liberia,  on  the  Spice  Coast,  the  Ivory  Coast,  the  (Jold  Coas% 
at  FarnaniJo  Po  and  other  islands  in  the  Bight  of  Biafra,  in  the  Gaboon 
regioD,  along  the  valley  of  the  Ogoou6,  in  the  Cameroons,  in  the  French 
Congo,  and  at  St.  Paul  de  Loanda,  and  other  parts  of  Portuguese  Weal 
Africa.  It  appears  to  be  rare  at  the  mouth  of  the  Congo,  but  is  extremely 
prevalent  at  many  places  on  the  lower  reaches,  particularly  on  the  south 
side  of  the  river,  at  Mbanza  Manteka  and  Mukimbungu,  for  example ; 
and  also  somewhat  farther  south,  at  San  Salvador  In  Portuguese  territory. 
It  occurs  intermittently  la  one  advances  up  the  river,  and  at  Lukolula, 
3U0  miles  above  Stanley  Pool,  it  is  said  to  be  much  dreaded  by  the 
natives,  Glave  remarking  of  this  district  that  the  bittei-est  malediction 
one  negro  can  jironouncc  on  another  is  Owa  iw  iiiulo — "May  you  die  of 
sleeping  sickness."  Recently  Dr.  Todd  has  shewn  that  the  oiwning  up  of 
the  country  has  caused  an  alarming  spread  of  the  disease  towards  the 
upper  reaches  of  the  river. 

In  1900  Cook  first  discovered  that  sleeping  sickness  existed  in 
Uganda,  and  since  that  date  the  disease  has  spread  widely,  keeping,  how- 
ever, more  or  less  limited  to  the  north  shore  of  the  Victoria  Nyaoza  Lake. 
The  epidemic  apparently  started  in  Usoga,  and  from  this  centre  baa 
spread  to  the  north  of  Buddu  in  the  west,  and  down  to  Kisumu,  the 
railhead  in  the  east.  Northwards,  Cook  hns  recorded  cases  from 
Kiadondo,  but  it  does  not  seem  t«  have  spread  much  in  this  direction, 
as  it  is  unknown  in  some  of  the  northern  provinces,  and  in  Uuyoro. 
But  quite  recently  it  has  spread  from  Uganda  to  the  districts  about  the 
Albert  I^ke.  Southwards,  in  1902  it  had  not  crossed  the  Katonga  river 
in  the  west,  but  bad  crossed  Kavirondo  Bay  and  extemled  down  almost  to 
the  Kuya  river  in  the  east.  Its  centre  of  virulence  has  been  in  Usoga,  in 
Chagwc,  around  Kntehbe,  the  seat  of  the  government,  and  also  in  all  the 
islands  adjoining  the  mainland,  from  the  Sese  group  in  the  west  to  the 
Kavirondo  islands  in  the  east,  some  of  those  latter  areas  having  boen 
decimated  by  this  scourge.  So  far  it  has  not  been  reported  in  German 
East  Africa,  and  it  is  iniknown  among  the  Nandi  and  Masai  tribes  who 
inhabit  the  territories  of  British  Kast  Afrita  east  of  Kisumu.  The  limits 
of  the  area  of  sleeping  sickness  extend,  therefore,  from  Senegal  In  the 
north  to  San  Paolo  de  Loando  or  even  beyond  in  the  south,  the  Congo 
river  and  Uganda  also  being  aflected.  It  would  seem  probable,  there- 
fore, that  as  our  knowledge  of  Africa  extends,  this  disease  will  be  found 
endemic  here  and  there  throughout  the  basins  of  the  Senegal,  the  Niger, 
the  Nile,  the  Congn,  their  affluents,  and  in  the  hinterlands  of  most  of  tha 
West  Coast  areas  contained  between  the  above  mentioned  limits.  lt«  dt»- 
tribution  in  the  endemic  area  is  sometimes  capricious.  On  the  west  coaab 
of  Africa  and  the  Congo  it  appears  to  pick  out  a  village  here  and  then. 


B-decuiiitting  the  iiihal>iui(ite,  n-tiilst  nei^bbour'iii^  villages  may  be  abaoiiitely 

Ivr  relatively  immune.      Corre  mentions  tbat  the  garrisons  of  Joal  and 

'ortudal  in  Sent^mbia  are  exceedingly  liable  to  the  diseaae,  and  that 

when  it  breaks  out  in  the  neighbouring  districts  the  villagers  abandon 

l^iheir  homes — so  great  are  its  ravages,  aud  so  much  ia  it  dreaded.     The 

i  Dr.  Walfndeson  stated  that  in  Mukimbungu,  a  small  village,  several 

MtliB  sometimes  occur  in  a  week,  and  that  few  weeks  pass  without  a 

Mlh  from  this  cause,  whereas  in  other  villages  not  very  far  away,  the 

■  is  known  only  by  hearsay.     There  are  also  very  large  districts 

m'tbiii  the  eudemic  limits  where  it  rarely  if  ever  occurs,  for  example,  the 

Niger,  part^  of  the  Gold  Coast,  and  Lagos. 

In  the  days  of  the  slave-trade  a  considenkble  proportion  of  the  mor- 

IlKlity  among  the  slaves  during  the  voyage  across  the  Atlantic  was  said 

Ito  be  due  to  sleeping  sickness.     Moreover,  we  have  evidence  that  the 

nbility  to  the  disease  persisted  after  the  slaves  hod  landed  in  America ; 

peniaiiiing  dormant,  as  it  were,  to  shew  itself  later,  perhaps  not  until 

bfter  several  years  of  good  health.     Such  a  case,  according  to  Sir  P. 

1,  occurred  some  years  ago  in  England.     A  negro  boy  from  the 

Jongo  died  of  the  disease  at  a  training  school  at  Colwyn  Bay,  North 

iV'alcs,  although  he  had  resided  for  three  years  in  this  country  in  good 

alth    before    the    symptoms    declared     themselves.       Kecently   white 

9ople  have  died  of  sleeping  sickness  in  England  and  Belgium,  but  in 

'enry  case  only  after  having  lived  for  some  period  in  an  endemic  area. 

The  same  applies  to  the  negroes  imported  to  the  West  Indies  ui  the  old 

days ;  only  those  who  had  lived  in  Africa  aci{uired  the  disease,  nor  dill 

it  s)>read  to  the  indigenous  native ;  in  Martinique,  according  to  Gu^rin 

who  studied  the  complaint  there,  it  did  not  occur  in  negroes  who  had 

been  resident  on  the  island  for  more  than  ton  years. 

LoccU  Ifistribulutii. -^Walirldeson,  writing  of  the  disease  as  seen 
a  the  Congo,  stjites  that  several  cases  may  occur  in  the  same  families 
1  among  brothers  aud  sisters,  that  a  father  and  mother  may  die  frum 
•  disease,  and  subsequently  some  of  the  children  develop  it  after  an 
ipt«rval.  On  the  other  hand,  it  may  happen  that  the  children  sulfer 
jvhile  the  parents  do  not,  but  the  commonest  sequence  of  events  is  for 
'bdividuals  to  be  picked  out  singly  in  families  exposed  to  the  same  con- 
hions.  Corre'a  testimony  is  to  the  same  effect,  and  the  siime  holds 
0(1  for  Uganda. 

Predisposing  Causes. — Age,  sex,  and  occupation  hate  little  influence, 
Bather  as  regards  liability  oi'  immunity.  According  to  Walfrideson 
age-incidence  is  mainly  between  five  and  fifteen,  very  old  people — 
t  is,  above  forty — appearing  to  be  exempt.  Corre  places  the  period 
f  greatest  liability  from  the  twelfth  to  the  nineteenth  year.  In  Uganda 
j  is  frequent  in  young  children  and  middle-aged  individuals. 
it  is  also  seen,  however,  in  natives  well  over  forty.  Xo  age  seemed  to 
I  exempt.  Ilace  is  now  known  not  to  play  an  important  part  Any 
|De  ia  liable  to  acquire  sleeping  sickness,  but  us  the  negro  is  more  ex- 
to  the  cause,  he  gets  it  much  oftener  than  the  European,  who 


dreraea  in  clothes  and  lives  a.  more  hygienic  life  in  better  suiToundings. 
In  the  older  daya  Cori'e  board  of  «,  caec  in  the  person  of  n  European,  nnd 
he  suw  it  in  a  Moor.  Cbassaiiiol  refers  to  u  case  occurring  in  the  person 
of  a  mulatto.  Recently  many  eases  have  been  reported  in  Euro|>eans, 
notably  one  of  an  Englisb  lady  at  the  T^ondon  School  of  Tropical 
Medicine,  several  from  Uganda,  including  Lieut.  Forbes  Tulloch,  who  h 
supposed  to  have  inoculated  himself  while  performing  an  autopsy  on  a 
trypanosome-infected  rat,  a  tew  in  Belgium,  and  in  1905  a  Frenchman 
in  Paris. 

Etlolosry. — Many  different  hypotheses  have  been  brought  forward  to 
explain  the  gencsia  of  sleeping  sickness.  The  first  obseri'ers  believed 
that  it  might  originate  from  emotional  distress  connected  with  negro 
slavery,  while  others  considered  it  only  a  form  of  sunstroke  or  a  variety 
of  beri-beri,  malariii,  or  scrofula.  More  recent  opinions  ha^'o  connected 
it  vith  an  intoxication  of  food,  animal  parasites,  bacteria,  and  protozoa. 

Food  Inloxicalioii. — Some  Portuguese  investigators,  and  more  recently 
Ziemann,  have  regarded  sleeping  sickness  as  a  sort  of  intoxication — the 
latter  considering  it  a  manioc  intoxication  comparable  to  pellagra,  a 
disease  naually  referred  to  the  ingestion  of  diseased  maize.  There  is 
little  to  be  said  in  favour  of  this  idea. 

Aiiiinal  Pamaiks — -FUaria  /rci-^/o/w. — Sir  P.  Manson  (23),  remarking 
the  singular  correspondence  between  the  distribution  of  the  disease  and 
that  of  Filai-ia  perstans,  su^ested  that  this  nematode  parasite  might  in  some 
way  be  responsible  as  an  etiological  factor.  More  extended  observations 
have  shewn  that  this  is  not  so.  Areas  such  as  British  Guiana,  where 
FUaria  perstans  is  very  common,  have  no  sleeping  sickness,  while,  con- 
versely, areas  where  sleeping  sickness  is  abundant  may  shew  no  Filarue. 

StroiuilyiAiles  sl'^reitralis.~~The  embryo  of  this  worm  was  considered 
by  Forbes  as  the  cause  of  sleeping  sickness;  the  p-irasite,  according  to 
Tessier,  penetrated  the  mucous  membrane  of  the  intestines,  and  thus 
reached  the  general  circulation,  where  it  was  retained  in  tlie  cerebral 
vessels. 

Attkiilnsloma  duixienaje. — Ferguson,  on  very  insufficient  groundB,  be- 
lieved that  this  parasite  might  be  responsible  for  the  iHsease. 

Haelcriii. — Cagigal  and  Lepierre  announced  in  1897  that  they  had 
isolated  from  the  blood  of  a  patient  suffering  from  sleeping  sickness  a 
bacillus  which,  when  injected  into  animals,  reproduced  the  disease ;  this, 
however,  was  not  confirmed  later  by  Brault  and  Lapin.  Siilisequently, 
Marchoux  stated  that  Frankel's  diplococcus  was  the  responsible  agent, 
basing  this  view  on  the  facts  that  at  a  post-mortem  examination  of  a 
case  of  sleeping  sickness,  complicated  with  pericarditis,  the  diplococctiB 
was  present  in  the  exudate,  and  that  in  a  second  case,  complicated  by 
chronic  rhinitis,  the  same  micro-organism  was  present.  More  recently 
Brodin,  of  the  Bacteriological  Lnhorator)-  at  Leoi)old\'ille,  described  a 
bacillus  OS  the  cause.  This  organism  was  constantly  present  in  the 
blood  of  all  his  [latients,  but  was  not  agglutinated  by  the  lilood  of 
patients  suffering  from  the  disease. 


Following  on  this  observation  ii  Portuguese  cotnmisBJon,  sent  out  to 
Lfrica  to  stiuly  llie  dise^ise,  found  u  diplostroptococi;ua  congtantiy  pi-esent 
Eafter  death,  in  the  cerebrospinal  fluid.  This  could  also  be  found  during 
"'e  ill  the  cerebrospinal  fluid  removed  by  lumbar  puncture,  and  was  con- 
lered  to  be  the  cause  of  the  disease.  According  to  cidtural  methods 
tfae  orgnnism  is  different  from  the  ordinary  streptococcus,  the  chief  points 
E  distinction  being  it«  slower  growth  on  gelatin  and  the  other  usual 
nedia.  In  the  following  year  Castellani  in  Uganda  found  the  same 
*  organism.  Out  of  3U  cases  he  grew  it  from  the  blood  of  the  heart  in 
32,  and  from  the  liquid  of  tlie  lateral  ventricles  of  the  brain  in  30. 
During  life,  however,  he  found  the  germ  more  rarely,  and  stated  that  it 
was  usually  only  present  during  the  Inter  stages;  on  thix  point  he 
'differed  from  the  Portuguese  commission. 

pTvlOi'iir. — In  Novemlier   1903  Castellani,  on  examining  the  cerebro- 

pnal    fluid  of  cases  of   sleeping  sickness  for  organisms,  detected  the 

WQce  of  trypanoeomes  in  this  fluid.     Further  examinations  of  different 

shewed  the  same  parasite,  and  its  presence  was  also  detected  in 

!  blood.     Col.  Bruce,  Drs.  Nabarro  and  Greig,  who  lormed  the  Royal 

jciety's  second  commission  for  the  study  of  sleeping  sickness  to  Uganda, 

onfirtued  this  discovery,  and,  working  on  the  subject  in  detail,  shewed  that 

B  every  case  of  sleeping  sickness,  if  properly  examined,  this  parasite  may 

«  demonstrated.     Further,  they  suggested  that  the  liypanosoma  of  sleep- 

ng  sickness  was  the  same  as  the  trypanosoma  found  by  Drs.  Forde  and 

[)uttOD  in  the  blood  of  a  European  on  the  fJambia,  and  that  the  disease 

vhich  this  latter  gave  rise  to,  namely  try|)anosomiBsis  fever,  was  really 

B  first  stage  of  sleeping  sickness  (cf.  p.  32).     More  extended  observa- 

8  shewed   that  the  distribution  of  sleeping  sickness  and  the  trypanO' 

I  coincided  absolutely  for  Uganda,  and  a  species  of  tsetse-fly,  the 

a  palpaiii,  was  found  to  be  present  abundantly  in  the  affected  areas, 

wly,  the  regions  i-ound  the  lake  (cf.  pp.  173,  183). 

There  is  little  doubt  now  that  the  specific  cause  of  sleeping  sickness 

ad  the  agency  by  which  it  is  spread  have  been  discovered,  though  some 

Biinor  points  still  remain   to  be  settled.       The    trypanosoma    explains 

perfectly  the  peculiar  endemicity  of  the  disease,  the  long  incubation- 

Kriods   that   have   been   described,  people   leaving   the  endemic   areii 

^parent!)'  healthy  and  afterwards  developing  the  disease ;  and  also  the 

ibservation  that  the  complaint  did  not  spread  amongst  the  slaves  in  the 

i^Tcst  Indies. 

Patbotogrical  Anatomy. — The  chief  pathological  changes  of  sleeping 
jckness  ai*e  found  in  the  nervous  system,  and,  as  first  pointed  out  by 
Eh*.  Mott,  are  essentially  those  of  elu'oiiic  meningo-encephalitis  and  meningo- 
pijelitia.  Macroacopically  the  brain  shews  but  slight  alteration.  The 
tlvarium  is  not  thickened ;  the  dura  maU^r  is  practically  normal,  and 
bough  seldom  adherent  to  the  skull  may  be  united  to  the  subjacent 
nchnoid.  On  removing  the  diu^  mater  the  pi  a- arachnoid,  often  clear, 
t  perhaps  more  usually  somewhat  opai^ue  and  slightly  thickened,  re- 
enbling  ground  glass;  it  may  be  adherent  in  places  to  the  subjacent 
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brain,  and  on  being  stripped  off  brings  some  of  the  brain  substance  with 
it,  while  its  vessels  shew  slight  congestion.  The  subarachnoid  fluid  is 
usually  of  a  pale  straw  colour,  and  is  often  increased  in  amount.  In 
some  cases  it  is  slightly  turbid — very  rarely  purulent,  especially  over  the 
sulci  and  round  the  vessels  in  the  membranes.  On  section  the  substance 
of  the  brain  is  moderately  firm,  and  shews  nothing  abnormal,  with  the 
exception  sometimes  of  excess  of  fluid  in,  and  dilatation  of,  the  lateral 
ventricles.  The  pituitary  body,  the  pons,  cerebellum,  an.d  medulla  shew 
no  gross  lesions.  The  membranes  covering  the  spinal  cord  are  similar  in 
appearance  to  those  of  the  brain,  and  no  lesions  can  be  detected  in  macro- 
scopical  sections  at  different  levels.  The  other  organs  also  shew  little 
morbid  alteration.  The  heart  is  usually  flabby,  somewhat  pale  in  colour, 
and  there  may  be  myocardial  changes.  Congestion  and  oedema  of  the  lungs 
are  almost  constant.  Patches  of  bronchopneumonia  are  common,  and 
lobar  pneumonia  may  be  present.  The  liver  and  spleen  do  not  present 
any  gross  changes  attribuUible  to  sleeping  sickness,  though  in  malarial 
districts  they  are  often  enlarged,  and  shew  the  characteristic  pigmentation 
of  that  disease.  The  kidneys,  suprarenale,  and  pancreas  are  normal. 
The  enlarged  glands  are  a  striking  feature  post-mortem.  In  the  super- 
ficial areas  their  size  generally  varies  from  a  bean  to  an  almond,  while  the 
deep  ones,  especially  the  retro-peritoneal,  are  much  larger,  and  are  some- 
times as  big  as  a  walnut.  They  are  firm  in  consistence,  but  occasionally 
pus,  the  result  of  bacterial  invasion,  may  be  seen  in  those  draining  the 
area  of  the  mouth. 

Microscopically^  definite  and  characteristic  changes  arc  always  present 
in  the  nervous  and  other  systems.  Throughout  the  whole  central 
nervous  system,  but  especially  at  the  base  of  the  brain  over  the  medulla 
and  cerebellum,  the  pia-arachnoid  is  infiltrated  \vith  mononuclear  leuco- 
cytes, a  similar  change  spreading  along  the  septa  and  affecting  in  varying 
degrees  the  perivascular  spaces  around  the  blood-vessels  in  the  substance. 
The  degree  of  perivascular  infiltration  varies  considerably,  and  does  not 
correspond  to  the  symptoms ;  it  is  generally  best  seen  in  the  pons, 
medulla,  and  ceiebcllum.  The  nerve-cells  shew  frequent  pathological 
changes,  the  columns  of  Meynert,  according  to  Dr.  Mott,  in  some  cases 
lieing  disorganised,  the  outline  of  a  groat  many  of  the  pyramidal  cells, 
large  as  well  as  small,  being  altered  and  irregular,  indicating  disorganisation 
and  destniction.  In  another  case  described  by  the  same  author,  in  which 
hyperpyrexia  was  present  bef(jre  de^ith,  the  Nissl  bodies  were  neither 
visible  in  the  cells  nor  in  the  processes,  the  whole  neuron  being  uniformly 
stained  by  the  i\\Q  instead  of  shewing  the  normal  differentiation  into 
achromatic  and  chromatic  substances.  The  tangential  and  supraradial 
association  fibres  are  usually  diminished  in  number,  and  many  are.greatlr 
atrophied.  A  dift'use  sclerosis  may  be  present  in  the  cord,  the  axis- 
cylinders  and  medullary  sheaths  of  the  nerves  shewing  a  well-marked 
(letreneration  in  manv  of  the  cases.  The  arteries  of  the  brain  and  cord  do 
not  exhibit  endarteritis ;  the  peripheral  nerves  are  not  degenerated ; 
occasionally  deposits  of  fat  are  present   in  the  epineiuium  and  endo- 
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neurinm.  As  regards  the  other  organs  cif  the  body  similar  lencocytic 
infiltrRtions  round  the  vessels  may  be  noted,  the  change  lieiug  often  host 
marked  In  the  heart.  Secondary  changes  such  as  occur  in  infectious 
diseasee  may  also  be  seen,  namely,  cloudy  swelling  of  the  liver-cells  and 
degenerative  changes  in  the  myocardium.  The  enlarged  lymphatic 
^ands  shew  a  proliferation  of  lymphocytes,  and  the  duodenum  also  shews 
n  proliferation  of  the  same  elements  with  increase  in  the  size  of  the 
lymphoid  nodides.  Sections  of  the  brain  and  other  organs  stained  ))y 
Ijouffler's  and  Gram's  methods  often  reveal  the  presence  of  cocci,  In 
-eqnatorial  regions  the  liver  and  spleen  are  usually  infiltrated  with  old  or 
tecent  malaiial  pigment,  and  in  other  instances  the  peculiar  cirrhosis  due 
to  bilhardnl  infection  of  the  liver  is  met  with.  These,  of  course,  are 
only  concomitant  chnnges,  and  have  nothing  to  do  with  sleeping  sickness. 

Patholo^. — Both  the  clinical  history  and  the  morbid  appearances  of 
ideepini;  sickness  point  to  a  chronic  process,  due,  according  to  Dr.  Mott, 
to  El  poison  of  micro-parasitic  or  other  source,  which  affects  specially  the 
lymphatic  sii'stem,  and  tn  particular  that  portion  of  it  pertaining  to  the 
central  nervous  system.  He  believes  that  the  lethargy  can  be  explained 
«hher  by  the  action  of  a  toxic  i^ent,  circulating  in  the  cerebrospinal 
flnid,  upon  the  vital  activities  of  the  neurons ;  or  simply  by  the  accumu- 
blion  of  lymphocytes  around  all  the  blood-vessels  interfering  with  the 
luotabolic  exchanges  between  the  blood  and  the  nervous  elements ; 
although  the  existence  in  such  abundance  of  mononuclear  leucocytes 
would  rather  indicate  the  existence  and  prolonged  action  of  a  noxious 
agent  which  itself  would  be  cajwhle  of  damaging  the  nervous  elements. 

The  (juestion  now  arises,  can  the  trypanosome  produce  such  a  poison  ? 
So  far  experiments  have  failed  to  obtain  a  toxin  from  it,  and  a  compara- 
tive study  of  the  brains  of  animuls  dying  from  the  effects  of  infeclione  of 
different  species  of  trypanosomes  do  not  reveal  similar  lesions,'  tn  these 
animals  microscopic  sections  shew  the  dilated  vessels  packed  with 
trypanosomes,  whereas  in  the  human  cases  it  is  almost  impossible  to  lind 
V  single  parasite.  A  chronic  poisoning  might  account  for  the  lesions,  but 
why  on  the  other  hand  should  the  acute  cases,  which  die  in  a  few  weeks, 
have  similar  lesions  t  The  general  trend  of  opinion  as  regards  the 
■treptococci  so  frequently  found  in  the  cases  is  that  they  appear  only  as 
a  terminal  infection.  It  is  open  to  doubt  whether  they  are  always 
taminal  :  moreover,  the  character  of  the  infiltrations,  if  due  to  them, 
woiild  certainly  he  polymorphonuclear  and  not,  as  it  is,  mononuclear. 

More  research  on  the  subject  is  required,  but  as  far  as  our  present 
Icnowledge  goes  the  trypiinosome  must  be  regarded  as  an  essential  factor 
in  the  disease,  although  how  it  acts  in  producing  the  pathological  changes 
n  yet  unknown. 

Symptoms  and  Clinical  Features. — The  symptoms  of  sleeping  sick- 
nen    bogin    very    insidiously ;    the    prodromal    period    is    often  greatly 
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prolonged,  it  may  ooiitiime  for  months  ur  even  for  one  or  two  years — sonw 
any  even  longer.  Such  a  sequence  of  events  hue  been  noted  in  Europeans 
with  trypimoaomiasis  fever,  definite  symptoms  of  sleeping  sickness  only 
coming  on  at  the  end  of  a  year  or  inoi-e.  At  this  stJige  the  diagnosis  may 
not  always  be  easy  to  the  uninitiated.  The  natives,  however,  readily 
recognise  the  oncoming  of  the  disease,  changes  in  the  former  mental 
attitude  of  the  patient  being  quickly  noticed  by  hia  relatives,  Qnite 
early  there  may  i>e  slight  pufliness  of  the  face,  a  drooping  of  the  upper 
eyelids,  and  a  gradually  increasing  change  in  the  facial  aspect;  a 
previously  happy  and  intelligent  looking  negro  becoming  sad,  apathetic, 
and  morose.  Next  appears  a  disinclination  to  work,  with  a  desire  U 
sit  about  and  rest  more  than  usual,  and  at  this  time  headaches  and  other 
transient  pains,  especially  in  the  upper  part  of  the  chest,  may  be  com- 
ptaineii  of.  A  tendency  to  fall  asleep  at  unusual  times,  even  in  spite  of 
strong  etTorts  to  keep  awake,  and  a  desire  to  lie  and  doze  in  the  smi  may 
also  be  noticed. 

It  is  about  this  time,  during  these  preliminary  symptoms,  that  the 
patients  are  brought  by  their  friends  to  sec  the  doctor,  and  an  ordinary 
casual  inspection  of  such  a  case  will  reveal  the  following  points.  The 
appearance  of  the  face  is  dtdl,  heavy,  and  stupid  looking.  Questions  are 
answered  but  slowly,  the  speech,  when  it  does  come,  often  being  mumbling, 
slow,  and  thick.  The  gait  is  peculiar,  the  patient  instead  of  lifting 
his  feet  in  the  ordinary  manner  pushes  them  along  the  Moor  as  1^ 
advances.  On  asking  the  individual  to  put  out  his  tongue  a  verj'  fine 
fibrillary  tremor  is  generally  oTwervcd,  and  in  some  instances  this  may 
also  bo  detected  in  the  muscles  of  the  hands.  Glandular  enlargement* 
may  be  so  prominent  as  not  to  require  palpation  to  determine  them ; 
but  in  other  coses  they  are  smaller  and  less  noticeable.  A  rough  and 
diy  skin  is  sometimes  seen  now,  but  by  no  means  constantly.  The  most 
imporlaTit  aid,  however,  to  the  diagnosis  of  the  disease  in  this  stage  is  the 
careful  study  of  the  temperature  and  pulse,  examination  of  which  should 
never  lie  omitted.  The  temperature  is  irrcgtdar,  rising  in  the  evenings 
to  lOl',  102'  F.,  or  even  higher,  and  falling  in  the  morning  to  normal  OT 
even  subnormal,  the  range  often  extending  over  4°  or  more.  The  pulM 
is  of  a  very  low  tension,  with  a  moderate  volume ;  the  rate  is  accelerated, 
running  up  to  130  or  140  beats  per  minute,  and  varying  between  thii 
and  90.  A  combination  of  those  two  phenomena  in  a  padent  in  n 
sleeping  sickness  area  should  at  once  arouse  suspicion.  If  the  examina- 
tion of  a  patient  with  those  symptoms  he  interrupted,  a  careful  observer 
may  notice  that  his  head  nmls,  liis  eyes  close ;  that  he  will  probably  siG 
down,  and  unless  disturbed  will  remain  in  this  state  of  absolute  lethargy 
for  a  considerable  lime. 

When  once  these  well-defined  symptoms  appear  the  disease  runs 
acute  or  chronic  course,  progressing,  however,  towards  its  ultimate  fatal 
issue.      Without  treatment  or  careful  attention,  as  of  coui'se  is  the  caw 
with  the  vast  majority  of  those  atiecled,  the  cases  usually  become  rapidljT 
worse.     Often  the  healthy  inhabitants  of  the  villages  or  groups  of  huU 
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the  dck  to  the  bush,  ))lacing  them  there  in  small  reed -huts,  and 
ceept  for  providing  them  with  food  daily,  leave  them  alone. 
ley  lie  absolutely  indiJQferent  to  everything  around,  asleep  or 
bly  aaleep,  with  eyes  shut  or  half  shut  When  spoken  to  and 
they  mumble  in  reply,  but  soon  they  merge  again  into  fheir 
tato  of  lethargy.     The  further  course  of  the  disease  may  be  more 

17  studied  if  the  cases  be  taken  into  hospital,  properly  looked 
d  fed.  For  the  first  few  days  or  weeks  a  distinct  improvement 
noted ;  the  patient  gets  up  from  his  bed  daily,  sits  about  the 

the  hospital,  sometimes  even  walks  about  a  little  outside  and 
we  interest  in  life,  especially  at  meal-times.  Soon,  however,  the 
[ets  worse,  he  stays  in  bed  more,  muscular  weakness  and  wasting 
)roDOunced,  tremors  of  a  fine  degree,  most  marked  in  the  muscles 
ngae  and  arms,  appear,  and  the  drowsiness  and  lethargy  increase. 

remains  in  bed,  and  the  symptoms  of  the  final  stages  may  then 
▼ed — the  skin  may  lose  its  lustre,  becoming  dry  and  coarse, 
eraptions  may  come  out,  often  accompanied  \vith  great  -itching, 
I  commonly  form,  the  motions  are  passed  involuntarily,  and 
ribbles  from  the  mouth.  The  knee-jerks  which  were  at  first 
Aed  become  diminished,  the  tremors  may  become  so  excessive  as 

the  bed  on  which  the  patient  rests,  choreiform  movements  or 
leptiform  seizures  are  sometimes  seen,  and  rigidity  of  the  muscles 
)ek  often  with  flexor  contractions  of  the  legs  on  the  thighs  and  of 

18  on  the  abdomen  render  the  patient's  condition  a  miserable  one. 
wsiness  which  has  been  gradually  deepening  now  passes  into 
>m  which  eventually  the  patient  cannot  be  roused,  the  tempera- 
Is  to  subnormal,  the  body  and  extremities  become  cold  and 
and  the  patient  dies  in  a  state  of  complete  coma,  convulsions  in 
ances  ushering  in  the  fatal  termination. 

is  the  usual  course  of  an  ordinary  acute  case  of  the  disease,  the 
changes  taking  about  a  month  or  six  weeks  for  completion.  In 
nic  cases  the  symptoms  develop  more  slowly,  periods  of  deceptive 
nent  or  even  apparent  cessation  of  the  disease  alternating  with 
)£  advance  till  at  last  the  final  symptoms  appear  and  carry  the 
>ff. 

Symptoms  in  Detail^ — Tim  Temperaime.  Ileguhr  Course. — The 
E  the  temperature  is  marked  in  typical  cases  by  an  evening  rise  and 
ig  fall,  the  range  often  extending  over  4"  or  more.  The  evening 
iure  varies  from  100^  to  104°  F.,  and  the  morning  temperature 
Jly  about  normal,  or  in  some  cases  even  lower.     ( J'Ule  Charts.) 

regular  type  of  temperature  may  go  on  for  weeks,  sometimes 
J  becoming  distinctly  irregular,  and  again  keeping  almost  normal, 

exception  of  an  occasional  slight  evening  rise.  This  condition 
rist  for  variable  periods  of  time,  often  again  to  be  followed  by 

deiicription  of  the  symptoms  is  largely  taken  from  the  *'  Report  on  Sleepinf^ 
om  its  Clinical  Aspects,"  hy  (Jtorpe  C  Low  and  Aldo  Oustellani. — Royal  Society, 
the  Commigsiou  ou  the  Slee[>iug  Sickness,  No.  II.,  1903. 
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the  regular  evening  elevation  and  morning  fall.  A  week  or  so  before 
death  the  temperature  almost  always  becomes  subnormal,  remains  bo 
iluring  the  whole  day ;  this  shews  that  the  end  is  near.  The  rise  of 
temperature  is  not  accompanied  by  any  special  symptoms,  there  is  n(p 
rigor,  and  no  sweating,  in  fact,  it  is  not  uncommon  to  find  a  patient 
with  a  temperature  of  103"^  F.  walking  about  and  apparently  none  the 
worse. 

Variations  from  the  typical   temperature  curves  are  from  time  to 
time  met  with,  some  charts,  with  the  exception  of  one  or  two  evening 
elevations,  shewing  a  practicidly  subnormal  temperature  throughout  the 
course  of  the  disease.     Such  cases  may,  however,  be  acute,  and  death 
may   quickly   supervene.       In    other   instances    the   temperature    may 
remain  high  for  several  days  without   shewing  any  marked  morning 
remission.     As  a  nxle,  however,  after  a  few  days,  it  reverts  to  the  usiuA^ 
type.     Carefid  study  of  any  individual  case  of  sleeping  sickness  wilK 
shew  pyrexia  at  some  time  or  other  in  the  course  of  the  disease.     Th^ 
ordinary  temperature  curve  may  be  modified  by  intercurrent  disease*, 
the  most  frequent  being  malarial  fever ;  here  the  maximum  is  unusiiallr' 
high,  often  reaching   104''  F.  or  higher,  and  the  remissions  are  slight, 
sometimes  never  coming  below  100'^  F.     Parasites  may  then  be  demon- 
strated in  the  blood,   and  after  the  administration  of  quinine  the  tem- 
perature again  reverts  to  its  ordinary  course. 

Th4!.  Circulatory  System. — The  study  of  the  pulse  is  very  important, 
especially  in  the  early  diagnosis  of  the  disease.  The  frequency  is  verv 
rarely  l)elow  normal ;  it  is  usually  somewhere  between  90  to  1 30  beit» 
per  minute,  but  there  may  be  great  variations  at  different  times  of  the 
d<iy.  The  ratio  to  the  temperature  is  inconstant,  a  very  high  frequency 
often  being  associated  with  a  low  temperature ;  but  in  the  last  stages  » 
low  frequency  associated  with  the  subnormal  temperature  is  the  rule. 
The  rhythm  is  almost  always  regular  in  time  and  equal  in  force  till  the 
last  sUiges,  when  some  of  the  beats  may  be  weaker  than  others  ;  just 
before  death,  or  even  in  some  instances  two  days  before,  the  pidsc 
becomes  imperceptible  at  the  wrist.  Dicrotism  is  uncommon,  but  mar 
be  present  when  the  fever  is  high.  The  volume  is  always  small,  and  i^ 
associated  with  a  remarkably  low  tension,  the  vessel-wall  exhibiting  nO 
thickening  or  other  abnormalities  in  uncomplicated  cases.  There  are  no 
cardiac  symptoms,  palpitation,  cardiac  pain,  dyspnoea,  and  giddiness  all 
being  a])sent.  Physical  examination  reveals  little  except  the  rapid  rate, 
and  in  some  insUuices  an  increase  in  the  transverse  diameter  and  functional 
murmurs.  Endocarditis  and  pericarditis  were  not  met  with  in  a  lonjf 
series  of  cases. 

Tlw  llesjnrainry  System. — The  respirations,  regular  in  time  and  equal 
in  force,  arc  always  rapid,  more  especially  in  the  evenings ;  ther 
correspond  fairly  closely  to  the  increased  pulse-rate,  and  their  number 
per  minute  is  generally  between  20  an<l  30.  In  the  last  stages 
(»f  the  disease  Cheyne  -  Stokes  breathing  is  common.  The  physical 
examination  of  the  respiratory  system  in  the  first  stages  reveals  nothing* 


SLEEPING  SICKNESS  219 


the  later  stages  some  engorgement  and  oedema  of  the  bases  of  the 
gs,  due  no  doubt  to  the  recumbent  position  in  bed,  are  commonly 
t  with,  and  pneumonia  or  bronchopneumonic  patches  may  appear. 

Alimeniary  System. — In  the  early  cases  there  is  little  to  notice.  In 
ne  patients  the  appetite  appears  to  be  slightly  increased,  and  even  in 
i  advanced  and  completely  bed-ridden  cases  nourishment  is  still  taken 
.dily.  Dyspeptic  symptoms  are  as  a  rule  absent,  and  vomiting  is 
ver  seen.  The  bowels  are  very  often  obstinately  constipated.  Labial 
q)e8  does  not  occur,  but  ulcerative  stomatitis,  usually  slight,  may  be 
38ent,  and  in  rare  instances  the  gums  become  swollen  and  spongy. 
L€  tongue  is  flabby  and  usually  covered  with  a  dirty  white  fur ;  the 
pillae  on  the  dorsum  may  be  prominent,  and,  in  the  last  days  of  life, 
"des  accumulate  in  the  mouth,  saliva  dribbles  from  it,  and  the  breath 
very  offensive.  Inspection  of  the  abdomen  often  reveals  a  certain 
?ree  of  bulging ;  the  stomach  is  generally  confined  to  its  normal 
uts,  though  a  certain  amount  of  dilatation,  due  no  doubt  to  the  bulky 
retable  diet^  may  be  present.  The  spleen  is  enlarged,  hard  in  con- 
ence,  though  not  tender,  possibly  from  antecedent  malaria.  The 
r   is  generally  slightly  enlarged,  probably  due  in  many  instances  to 

XQalan'al  hepatitis.  Tnie  dysentery  and  pseudo-dysentery,  due  to 
presence  of  bilharzia  in  the  rectum,  are  common  in  countries  where 
»e  diseases  exist ;  they  are  only  complications,  and  play  no  part  in 
3  cases  of  the  disease. 

-Integumentary  System. — Roughness  of  the  skin,  which  has  been  con- 
ned one  of  the  diagnostic  features  of  this  disease,  is  not  by  any 
^Ha  constant;  in  many  cases,  especially  the  acute  ones,  the  skin  is 
-ectly  smooth  up  to  the  day  of  their  death.  The  same  must  be  said 
i^ptions  which  are  not  specially  common,  and  when  existing  resemble 
^  seen  amongst  the  healthy  natives  of  the  district.  The  commonest 
>tion  is  a  papulo-pustular  one,  and  is  most  frequently  seen  on  the 
sum  of  the  hands,  extensor  aspect  of  forearms,  and  on  the  l)ack,  the 
vidual  pustules  remaining  isolated  and  shewing  no  tendency  to 
Qsce.     Pruritus  is  often  present,  and,  as  in  other  marasmic  conditions, 

Bkin  may,  especially  in  the  chronic  cases,  become  rough,  scaly,  and 
*^less.  The  circular  erythematous  rings  seen  on  the  white  skins  of 
opeans  suffering  from  trypanosomiasis  are  not  visible  on  the  black 
^^  of  natives.  Forms  of  eczema  and  ordinary  scabies  are  sometimes 
^  especially  in  Uganda. 

t^ymphatic  System. — A  general  enlargement  of  the  lymphatic  glands 
^Ughout  the  body  is  a  constant  feature  in  sleeping  sickness,  consider- 
•  variations  in  size  existing,  however,  in  dijQferent  individuals.  The 
^rtcial  chains  can  easily  be  felt  in  the  anterior  and  posterior  triangles 
tbe  neck,  in  the  submental  and  submaxillary  regions,  in  Scarpa's 
^gle,  and  in  the  groins.  In  emaciated  individuals  the  deep  abdominal 
^ds  are  also  palpable.  Their  size  varies  from  a  smcall  bean  to  a  hazel 
^  or  even  larger ;  they  are  somewhat  hard  and  firm  in  consistence, 
1  do  not  become  adherent  to,  or  cause  ulceration  of,  the  adjacent  skin. 


aao  SySTEAt  OF  MEDICINE 

In  rare  instances  suppuration  may  attttck  single  glands  or  groups  i^ 
glands,  those  situated  in  the  vicinity  of  the  mouth  being  specially  UtUe. 
In  gome  localities  the  natives  I'egard  those  swellings  as  tbo  cause  of  the 
disea^,  and  excise  the  glands  hoth  by  way  of  cure  and  proventioa 
RcL-ently,  acting  on  Dr.  Mott's  suggestion,  Dra.  Greig  and  Gray  in 
Uganda  have  shewn  that  trypanosomes  can  readily  be  found  in  the  juice 
withdrawn  from  these  glands  by  a  hypodermic  syringe,  and  they  mlvoeUe 
this  as  an  easy  means  of  diagnosis  in  early  suspected  cases.  Dr.  Todd, 
following  up  this  line  of  work,  considers  that  every  native  living  ID  mi 
infected  district  with  general  glandular  enlargement  not  due  to  uf 
manifest  cause,  such  as  syphilis,  tuberculosis,  yaws,  akin  or  sculp  affec- 
tions, due  to  cuts  and  wounds,  lice,  or  seborrhcea,  is  almost  certainly  the 
subject  of  trypanosomiasis,  even  though  apjmrently  healthy.  Before 
coming  to  such  a  diagnosis  it  is  safer  to  explore  the  gland  and  deroonstnu 
ths  presence  of  the  trypanosomes,  as  geneial  glandular  enlargemeaU— 
viz.  [lalpahle  glands  the  size  of  an  almond  or  upwards  in  the  super 
ficial  areas— due  to  no  apparent  cause,  are  frequently  met  vrith  in  nativet 
of  India  and  other  areas  where  trypanosomiasis  and  sleeping  sickness  iR 
known  not  to  exist. 

Nrreaits  System. — The  dull  apathetic  look  is  one  of  the  most  chw- 
acterlstic  points  of  tlie  disease.  The  expression  is  heavy,  and  sheWB  very 
little  emotion.  There  seems  to  be  a  slight  loss  of  intelligence,  but 
memory  is  not  impaired.  When  spoken  to,  a  considerable  iutsml 
generally  elapses  before  the  reply  to  the  question  is  given.  Speedl 
is  not,  however,  specially  aiTccted,  there  being  no  stammering  nor  slurring 
in  the  production  of  the  individual  syllables.  Sleep,  which  has  given  iu 
name  to  the  disease,  is  in  many  cases  not  such  a  predominant  factor  u  ia 
generally  supposed.  It  is  i>erhaps  questionable  whether  the  amount  oE 
proper  or  physiological  sleep  is  much  in  excess  of  that  seen  in  an  ordinary 
healthy  native.  A  patient,  if  left  alone  and  wat^ihed,  is  often  seen  to  iKMi 
his  head  and  close  his  eyes,  but'  the  slightest  touch,  such  as  stroking,  or 
any  noise,  will  make  him  open  bis  eyes  at  once.  Though  the  tvtal 
amount  of  sleep  in  some  individuals  may  be  above  the  average,  the 
condition  may  be  better  described  as  one  of  lethargy,  indifference,  anA 
drowsiness ;  but  it  should  be  remembered  that  even  this  lethargic 
may  not  be  well  marked  in  some  cases,  and  that  it  may  be  entiiely  abnnl 
in  othei's.  The  drowsiness  in  the  later  stages  of  the  disease  passes  inl 
coma,  which  gradually  deepens  till  the  patients  can  no  longer  be  roiuM 
and  in  this  condition  they  die.  Maniacal  attacks  sometimes  usher  in  thfl 
onset  of  the  disease.  Headache,  chiefly  occipital,  indefinite  ])aina  in  tbi 
chest  and  sometimes  in  the  joints,  especially  in  the  knees  and  anklea^  i 
sometimes  complained  of. 

Sensm-rf  Funclinns.  —These  are  at  first  normal,  though  even  early  till 
may  be  some   hyperaisthesia  of   the   trigeminal  points.      Touching 
moving  the  patient,  especially  in  those  cases  where  flexor  contraction 
rigidity  of  the  muscles  of  the  neck  arc  marked,  causes  pain,  ai 
by  the  patient  crying  out.     General  or  local  ani^sthesias  are  not  met 
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le  temperature  sense  is  unimpaired,  and  the  same  may  be  said  of  the 
iscular  sense. 

Mdor  Fundkm^ — Especially  towards  the  end  of  the  illness,  when 
laciation  may  l»e  marked,  the  muscles  frequently  become  wasted  and 
"bby,  though  in  the  acute  cases  death  often  occurs  without  much  loss  of 
3  muscular  nutrition.  The  motor  power  diminishes  towards  the  end. 
many  cases  a  certain  degree  of  inco-ordination  is  distinct,  and  in  a 
w  instances  Romberg*s  sign  is  present.  Walfrideson  described  a 
»€  in  which  a  staggering  gait,  with  a  tendency  to  fall  forward,  was  a 
ominent  symptom,  while  at  the  same  time  there  was  well-marked  lateral 
'stagmus  on  looking  to  the  left.  The  gait  is  characteristic,  and  is  most 
»tly  described  as  "  shuffling,"  the  feet  not  been  raised  from  the  ground, 
It  being  pushed  forward. 

Abnormal  muscular  movements  are  perhaps  the  most  striking  feature 
f  the  disease ;  fine  tremor  in  the  tongue  is  very  constant,  and  a  some- 
what coarser  tremor  is  also  usual  in  the  hands  and  arms,  any  purposeful 
novements,  as  lifting  a  cup  to  the  lips,  often  increasing  it.  In  a  few 
instances  tremor  is  found  in  the  legs  and  muscles  of  the  trunk  as  well, 
wmetimes  so  excessive  as  to  cause  shaking  of  the  bed  on  which  the 
patient  lies.  In  one  or  two  patients  in  Uganda,  who  were  ultimately 
proved  at  the  necropsy  to  have  had  sleeping  sickness,  no  tremors  were 
^ible  during  the  whole  course  of  the  disease,  but  this  is  very  unusual. 

In  the  last  stages  rigidity  is  common  in  the  muscles  of  the  neck, 
*nd  contractions  of  the  legs  on  the  thighs,  and  the  thighs  on  the 
■Women  may  at  this  time  bo  extreme.  Fits  of  an  epileptic  nature  some- 
^mes  occur,  either  general  or  localised  to  a  group  of  muscles.  Paralysis 
^  rare ;  it  may,  however,  occur,  one  case  shewing  paralysis  of  the  right 
*Me  of  the  face,  another  that  of  one  arm.  Hemiplegia,  or  paraplegia 
^<fre  never  seen  in  the  Uganda  cases,  nor  were  choreic  movements  ever 
observed. 

lUp.x-  Fitnctio7i$, — The  superficial  reflexes  are  generally  nonnal.  The 
"Wp,  exaggerated  at  first,  afterwards  become  lost.  There  is  never  clonus. 
The  organic  reflexes  are  normal  at  first,  but  during  the  last  weeks  the 
•"motions  are  passed  involuntarily,  this,  no  doubt,  depending  on  the  weak- 
^W8  and  inability  to  get  out  of  bed  rather  than  on  any  definite  paralysis. 
*«bin8ki's  sign  is  not  present. 

Lumbar  Puncture. — On  performing  this  operation  the  cerebrospinal 
'"^d  escapes  generally  with  increased  pressure,  though  in  some  cases,  few 
'^number,  the  pressure  is  normal  or  even  decre^ised.  The  fluid  appears 
]*  ^  rule  clear  and  colourless ;  in  some  instances  it  is  slightly  turlnd. 
^nuinin  is  found  in  traces,  and  the  liquid  usuall}'^  reduces  Fehling's 
•station.  The  leucocyte  formula  is  mononuclear.  Trypanosomes  are 
uwayg  present,  the  best  procedure  for  demonstrating  them  being  to  take 
^^  c.c.  of  the  fluid,  and  after  centrifuging  this,  to  examine  the  deposit 
*^fuUy. 

Special  Senses. — Ej/es. — The  pupils  are  equal  and  as  a  rule  moderately 
"l*ted.     They  contract  to  light  and  during  accommodation,  the  reactions 
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in  some  insLanccs  being  sluggish.  Nystagmus  has  been  noted,  hut  itverj 
rare.  Ocular  paralysis  is  not  seen,  iind  the  fundus  iind  retina  art-  in  tiie 
vast  majority  of  cases  normal.  Diffuse  eboroiditia  has  been  noted  in  i 
European  case  of  trypanosomiasis,  who  eveutually  died  of  sleeping  dckncM. 
Tbe  hearing,  taste,  and  smell  ai'e  unimpaired. 

UriiMTij  Sifsltin^ — Weakness  of  the  sphincter  vesicie  and  t 
dribbling  oE  urine  may  come  on  in  the  lost  stitgea.  Tbe  amount  of  uri» 
voided  during  the  twenty-four  hours  is  at  first  tiormal,  later  it  may  be  i»- 
creased.  When  freshly  passed  it  is  clear,  of  a.  pale  colour,  with  a  low  speciGi 
gravity,  and  has  no  special  odour.  In  vegetable-feeding  races  the  reoctiiu 
is  alkaline,  with  abundant  deposits  of  carbonates  and  triple  pboaphaUi 
Tbe  excretion  of  urea  is  below  the  average,  sugar  is  absent,  and  wilk 
the  exception  of  a  slight  trace  when  the  pyrexia  is  high  there  is  tn 
albuminuria. 

Sexual  System. — At  first  sexual  desire  is  apjiarently  not  decreued. 
later,  as  the  general  nervous  debility  advances,  it  is  lost.  Tbe  same  huldi 
good  as  regnrds  menstruation. 

F<ya-'i. — Constipation,  as  already  mentioned,  is  very  frequent.  Tke 
stools  of  natives  are  generally  hard,  of  greenish  colour,  and  almost  fru 
from  odour.  Portions  of  undigested  food,  large  shreds  of  vegeUU* 
tissues,  and  long  fibres,  are  common  in  vegetable -feeding  races.  Micro- 
scopically, there  are  the  usual  innumerable  micro-organisms,  epithdiil 
cells,  crystals  of  triple  phosphates,  oxalate  of  lime,  and 
Charcot's  crystals.  Ova  oE  different  parasites — Ankylostomes,  AtaiM 
Iwmlirieoides,  Tricliocephabts  Irichiuruji,  Stroiumioides  slejxai-ulis,  and  SMi>- 
xomum  hieiiuiiobium — are  very  common  in  the  Uganda  cases.  Am«^ 
protozoan  parasites  Trtchoimiuis  irUMltnalis  is  also  very  frequently  met  wilt- 

H<vmopmfUc  Sptem. — Anwmia  in  varying  degree  is  constant;  tl* 
average  number  of  the  red  blood-corpuscles  [ler  c.mm.  being  aboO' 
3,500,000.  Sii  many  other  biemolytic  factors  are  usually  present,  »acb 
as  malaria  and  ankylostomiasis,  that  the  count  may  be  considenkiyi 
complicated.  When  cyanosis  exists  just  before  death  there  may  be  aC 
abnormal  inci-ease  in  the  red  blood -corpuscles,  an  estimation  of  sucli  • 
case  giving  6,200,000  per  c.mm.  on  the  day  of  death.  Commoner  tfal 
this,  however,  is  a  gradual  fall  to  3,000,000  or  under.  The  btemo^obi 
is  generally  reduced  in  relation  to  the  amount  of  the  aniemia,  tbe  bloc 
shewing  all  the  characteristics  o(  a  well-marked  secondary  aiuemiu.  Tbfl 
leucocyte  count  shews  no  absolute  increase  from  tbe  normal  until  j 
before  death,  when  a  certain  number  of  the  cases  gel  a  well-marl 
terminal  polymorphonuclear  leucocytosis.  The  large  mononuclai^ 
elemeuta  are  relatively  increased.  In  areas  whore  helminthiasis  if 
tbe  blood  of  young  subjects  often  shews  u  relative  increase  in  the  numbv 
of  the  eosinophil  leucocytes. 

Complications. — Bctl-sores,  when  emaciation  is  extreme,  > 
but  in  hospital  practice  ihey  may  be  usually  a^'oided  with  ordinal^  e 
They  occur  more  frequently  in  chronic  cases.      Pemphigoid  e^uptiolll^ 
boila,   and   other    skin    eruptions    are    not    uncommon.      In   chiggv 
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iiifeited  countries  tfae  like  ratio)  is,  due  to  the  neglect  of  treating  this 
p;irasile,  are  very  often  seen.  EpistaxU  ia  raie,  different  forms  of 
idi-yngilis  are  met  with,  and  acute  cedemii  of  the  glottis  lias  been  eeen- 
ifespimtory  diseases,  such  as  bronchitis,  broncho-  and  lobar  pneumonias, 
fretjuently  precipitate  the  fatal  termination.  Malai-in,  true  dysentery, 
psucdo- dysentery  due  to  Bilkar:na  hariuitobiiii,  and  various  animal  para- 
sites, all  abound  in  Equatorial  Africa,  and  at  the  necropsies  their  preaencu 
■r  the  pathological  lesions  resulting  from  them  are  easily  demonstrntcd. 

Course  of  the  Disease. ^The  iucubati on-period  is  uncertain  :  if  the 

'St  manifestations  of  tryjKinoGomes  in  the  individual  are  taken  as  the 

■!.'irting-i»inl  of  the  disease,  it  lasts  for  yoarB.     In  natives  this  is  often 

ilifHcult  to  determine,  but  in  at  least    two  Europeans  the  invasion   of 

'fvpanosoraes  has  been  accurately  noted,  and  in  one  of  these  definite 

'ymptoms  of  sleeping  sickness  did  not  develop  until  two  years  later. 

^hc  rapid  spread  of  the  disorder  in  new  regions  would  seem  to  shew 

1b.1t  the  incuiiation-period  for  natives  may  be  shorter;  but  here  again 

the   <tilticulty   of    determining   when   the   trypmoaome   first   appeared 

-'UiongBt   the   tribe,  and   how  long  after  that  definite  signs  of  sleeping 

ii'kness  shewed   themselves,  must  be   considered.      The   period   of    in- 

iliatioD  ia  probably  variable;   treatment  and  good  hygiene  retarding 

After  the  stage  of  incubation  is  over  the  symptoms  begin  insidiously, 

'id  the  course  of  the  disease  is  again  variable.     In  Uganda  the  average 

1  iTTttion  seemed  to  be  from  four  to  eight  months,  but,  not  infrequently,  in 

ouse  with  practically  no  definite  signs  sleeping  sickness  would  suddenly 

111^  its  appearance  and  the  patient  die  within  six  weeks  of  the  fii^t 

obeervatioii.     Chronic  cttses  seem,  according  to  Dr.  Todd,  to  be  fairly 

Sequent  nt  the  mouth  of  tfae  Congo,  and  also  occur  in  Uganda,  the 

■Useue  running  a  course  of  a  year  or  more. 

Kemembering,  then,  that  sleeping  sickness  may  run  an  acut«  or  chronic 
coune,  we  may.  for  clinical  convenience,  recognise  three  stages.  The 
sympumia  of  these  are  more  or  less  definite,  but  merge  insensibly  into 
OKh  Other.  The  first  stage  la  characterised  by  somewhat  indefinite 
•Trnptoma,  vague  pains,  feelings  of  indisposition,  slight  degrees  of 
ibuvgineas,  and  evening  fever  (an  important  point).  The  second  sUge 
"Uf  be  designated  lus  the  stage  of  tremor,  in  which,  with  an  increase 
"f  the  early  manifestations,  tremors  accompanied  by  other  nervous 
i'^ieairtnena  appeal-.  The  third  stage  is  characterised  by  emaciation 
^"J  intense  weakness.  The  patients  become  bedridden,  lose  control  of 
'lifir  sphincters,  emaciation  becomes  extreme,  gradually  deepening  coma 
"l>l>ciirs,  the  temperature  falls  to  subnormal,  and  finally  death  supervenes. 
Diagnosis. — The  diagnosis  from  the  clinical  aspect  alone  may  be 
""Bietilt  in  the  early  stages,  as  the  characteristic  features  of  the  disease 
'^i^tnors,  ete.)  are  generally  absent.  The  most  important  point  at  this 
'iRw  is  tlie  evening  rise  of  temperature  and  the  increased  pulse-rate. 
'*Wr,  when  tlie  definite  symptoms  appear,  there  is  little  difficulty. 
".V|i«D08omea  may  be  demonstrated  by  examining  the  blooii  or  cerebro- 
'I'Uiiil  fluid,  but  Drs.  Greitr  and  Giuy's   procedure  of  puncturing  one 
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of  the  enlarged  glands  offers  an  easier  and  quite  as  accurate  a  method. 
The  trypanosomes  may  be  so  scanty  in  the  blood  that  they  may  easOy 
be  missed,  and  it  is  usual,  therefore,  to  centrifuge  a  large  quantity  of 
blood  or  cerebrospinal  fluid. 

Diffennitial  Dkujnom. — There  are  few  diseases  with  which  sleeping 
sickness  may  be  confused,  but  some  have  from  time  to  time  been 
mentioned  as  resembling  it. 

Beri-hffri. — This  disease  is  a  peripheral  neuritis  which  comes  on 
rapidly.  In  the  wet  form  there  is  marked  oedema,  in  the  dry  fonn, 
wasting  of  the  muscles.  In  both  forms  the  knee-jerk  is  abolished,  and 
hyperajsthesia  of  the  muscles  is  a  prominent  feature.  In  sleeping  sick- 
ness these  symptoms  are  absent,  and  the  tremor,  pyrexia,  and  lethargf 
at  once  distinguish  the  two  diseases. 

Intrncranial  Syphilis  and  Tumours. — Some  cases  of  intracranial  syphiiii 
and  tumours  of  the  brain  have  been  described,  with  a  curious  tendency  to 
somnolence,  the  person  dropping  off  to  sleep  while  at  work.  Such  casei, 
if  occurring  in  the  endemic  area,  might  present  difficulties,  but  in  the 
former  other  evidences  of  syphilis  would  be  present,  and  in  the  latter 
the  usual  detinite  symptoms  of  a  cerebral  tumour  would  be  found.  The 
evening  temperature  which  is  so  constant  in  sleeping  sickness  wouH 
help  to  settle  the  diagnosis. 

Chronic  Nephritis. — Chronic  nephritis  with  uremic  symptoms  mij 
present  some  superficial  resemblance  to  sleeping  sickness.  Such  cases 
have  been  sent  into  hospitals  with  the  diagnosis  of  sleeping  sicknefli 
but  examination  shewed  that  the  patient's  urine  was  loaded  with  albtuniDi 
and  tliat  albuminuric  retinitis  was  also  present. 

Tnht'.'<  (iivl  Gemwl  Paralysis  of  tly  Insane. — In  some  rare   cases  ibfi 
pupils    may   react   to    light    very   sluggishly,   and   in    the    presence  ^ 
Romberg's  sign  and  the  absence  of  the  knee-jerk  the  question  of  tab^ 
dorsalis    must    be    considered.       Strangely   enough,   though    syphilis    ^ 
common   in  Ugan<la,  parasyphilitic  manifestations  are  very  rare.    I^* 
tremor  and  evening  pyrexia  would  help  in  the  diagnosis,  though  it    ^ 
quite  possible  both  diseases  might  exist  together.     Perhaps  the  diae^*^ 
most   closely  resembling   sleeping  sickness  is  general   paralysis  of  t^* 
insane,  since   symptoms   of  insanity  are  frequent  in   sleeping  sickn©^^ 
The  temperature  should  help  in  a  differentiation,  and  a  search  for  tt*^ 
trypanosorao  would   settle   the  matter  in  this  as   in   the  cases  of  t''* 
diseases  ahead v  mentione<l. 

Prognosis. — The  prognosis  is  always  a  grave  one,  and  the  dise^^ 
almost  invariably  terminates  fatally.  Reported  cures  have  generally 
proved  to  be  only  temporary  ameliorations,  but  lately  some  cases  h*'*'^ 
definitely  been  stated  to  have  ended  in  recovery.  This  is  possible  in  ^* 
early  case  of  tr3'panosomiasis,  but  it  is  doubtful  whether  recovery  c^^ 
evei"  occur  after  undeniable  symptoms  of  sleeping  sickness  have  ina»J^ 
their  appearance. 

Treatment. — Many  drugs  have  been  tried,  but  without  any  definite 
results.     Iron,  arsenic,  and  (quinine,  especially  in  the  cases  complicate" 
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with  malai-ia,  produce  a  distinct  but  temporary  improvement.  Free 
purgation  with  magnesium  sulphate  or  castor  oil  in  order  to  counteract 
the  pcraialent  constipation  gives  considerable  relief.  The  thermo-cautery 
and  blistering  the  head  with  iodine  have  been  tried,  hut  with  no  appre- 
ciable lienefit.  Arsenic  in  tnereaaing  doses,  cloanlineas,  good  feeding, 
■nd  praper  attention  may  prolong  life  considerably,  but  a  fatal  termina- 
tion comes  sooner  or  later.  Recently  encouraging  results  have  been 
obtained  by  Ehrlich  and  Laveran  in  the  treatment  of  rata  suffering  from 
"  nsguiH,"  by  large  injections  of  arsenic  and  trypanred,  an  aniline  dye, 
ind  by  Dr.  Todd  in  Liverpool  with  ato.xyl.  Tbe  success  of  these  experi- 
tneota  has  prompted  the  trial  of  those  druga  in  human  cases,  and  recently 
Nvenl  cases  in  BruBseU  have  been  said  to  have  been  cured  by  them. 
Such  a  statement  is  of  couree  premature,  as  years  must  elajise  before  the 
^nertion  can  be  definitely  decided ;  it  is  much  more  prol^ble  that  tbe 
Owes  mentioned  are  only  shewing  temporary  improvement,  and  will 
leUpBe  again  later,  but  still  the  observation  is  interesting  as  it  is  in  all 
"probabilitv  along  these  lines  that  a  ciu-e  will  come  (cf.  p.  208). 

G.  C.  Low. 
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KALA  AZAR 

By  Lieut. -Col.  W.  B.  Leishman',  R.A.M.C. 

Synonyms. — Kaki  Dukh,  Kala  Jwur,  Dum-D\im  Fever  (Leishman),  ifo»- 
malarial  Uemitknt  Fever  (Crombie),  Tropiail  Splenomegaly,  Cachix6c 
Fever  (Rogers). 

Definition.    -  Kjila  azar  is  a  chronic  and  extremely  fatal  fever,  of  »" 
irregularly  remittent  type,  which  occurs  in  epidemic  fonn  in  Assam,  and 
in  endemic  form  in  other  parts  of  India  and  the  tropics.     It  is  char*^ 
terised  by  great  wiusting,  a  progressive  enlargement  of  the  spleen,  and  * 
tendency  to  hiemorrhages  and  dropsical  effusions.     It  is  associated  witb 
the  presence  in  the  spleen,  liver,  and  other  situations  of   a  protozon^** 
parasite,  the  biological    position  of  which   has  not  yet  been  definitely 
determined. 

History. — Kala  azar  has  existed  in  the  Assam  district  of  India  io^ 
many  years,  certainly  since  18G9,  probably  for  long  before  that  date.  A^* 
all  events  in  the  early  seventies  it  attained  epidemic  proportions,  and 
gave  rise  to  sucii  a  heavy  moitality  among  the  natives  that  villages  wer^ 
(lepopulated  and  whole  <listricts  thrown  out  of  cultivation.  Starting* 
apparently,  in  the  disti-ict  of  the  (raro  Hills,  the  disease  spread  slowly  up 
the  river  Biahmaputni,  following  the  usual  lines  of  communiciition  an(J 
trade  routes.  Its  progress  was  very  slow ;  for  instance,  the  distance  o^ 
100  miles  between  the  Garo  Hills  and  Gauhati  was  onlv  traversed  ir> 
S(;ven  years,  and  it  has  now  reached  the  point  at  which  the  river  emerge^ 
from  the  Eastern  Himala3'as  into  the  upper  })art  of  the  province  of  Assam^ 
In  its  slow  progi'ess  the  disease,  having  fastened  on  a  village,  usuall/' 
lingered!  there  foi*  a  few  years,  and,  after  taking  a  heavy  toll  of  the  in-' 
habitiints,  gradually  died  down,  although  spora<lic  cases  were  found  U^ 
occur  for  years  after  the  epidemic  virulence  ha<l  been  exhausted.  At 
present  the  diseiise  still  persists  in  Assam  and  is  the  cause  of  considerable 
mortality. 
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The  Assam  epidemic  attracted  much  attention  in  India  because  of  the 
'J  mortality  it  occasioned,  and  also  from  the  divergent  views  ex- 
sed  as  to  its  causation.  A  Mrider  interest  has  been  created  by  the 
nt  discovery  of  a  new  protozoan  parasite  which  is  found  in  practically 
Eises  of  the  disease ;  and,  f iu*ther,  because  the  same  parasite  has  been 
ci  in  cases  occurring  in  many  other  parts  of  India  and  the  tropics. 
*c  can  be  little  doubt  that  these  latter  cases  are  also  kala  azar,  for 
S3aDptoms  and  lesions  are  identical ;  the  sole  difference  being  the 
omicity  of  the  Assam  disease,  and  the  apparently  endemic  or  sporadic 
c^ter  of  the  disease  as  met  with  in  other  parts  of  the  world.  In  the 
x^ng  description  the  essential  unity  of  the  two  forms  is  assumed,  and, 
ex  it  is  necessary  to  differentiate  between  them,  the  Assam  type  of  the 
»-se  \nll  be  referred  to  as  the  "  epidemic "  form  and  the  cases  now 
g  recognised  elsewhere  as  the  "  endemic  "  form. 
Greographical  Distribution. — It  is  not  at  present  possible  to  fix  the 
bs  of  the  distribution  of  kala  azar  with  any  degree  of  accuracy 
I  use  of  the  compai-atively  recent  date  of  the  discovery  of  the  endemic 
^  of  the  disease,  and  because  the  detection  and  identification  of  the 
sisite  demand  a  certain  degree  of  experience  and  technical  skill, 
bough  the  recent  epidemic  in  Assam  has  been  confined  to  the  valley 
the  Br.ihmaputra,  it  is  in  the  highest  degree  improbable  that  this  was 
'  first  appearance  of  the  disease  in  India  ;  probably  some  of  the  older 
idemics,  to  which  many  allusions  are  found  in  Indian  history,  were  of 
amilar  nature.  As  regards  the  endemic  form,  cases  have  been  reported 
>ni  many  other  parts  of  India,  from  Madras,  Calcutta  and  its  neighbour- 
ed, Dinaix)re,  Ceylon,  and  Burma ;  while  it  has  also  been  met  with 

China  at    Pekin   and  Tonkin,  in  Arabia,  Upper  Egypt,  Tunis,  and 
Igiers.    In  most  of  these  localities  widening  experience  shews  the  disease 
l)e  by  no  means  rare,  and  to  be  the  cause  of  a  considerable  mortality. 

Eliologry. — The  causation  of  this  disease  has  in  the  ])ast  ])een  the 
object  of  considerable  discussion  and  speculation,  and  very  different 
ewg  have  been  expressed  by  those  who  investigated  it.  Thus  it  has,  in 
accession,  been  attributed  to  ankylostomiasis  (Giles),  to  a  severe  and 
fetiveform  of  malaria  (Rogers  (46),  and, subsequently,  Ross  (51)),  and  to 
Section  by  the  Micrococcus  inelitensis  (Bentley  (2)).  Even  at  the  present 
oment,  although  the  recently  discovered  parasite  would  appeal*  to  be  the 
^  of  the  disease,  this  cannot  be  said  to  be  proved  absolutely.  The 
^nnels  of  entrance  and  of  elimination  are  not  definitely  known,  and  the 
Amative  host,  the  existence  of  which  is  demanded  by  analogy,  is  still  to 
^  In  the  presence  of  these  important  gaps  in  our  knowledge  of  the  life- 
de  of  the  parasite  any  description  of  the  etiology  of  the  disease  must  be, 
the  main,  speculative.  There  appears  to  be  little  doubt  that  the  disease 
spread  by  human  intercourse,  though  not  by  direct  "contagion  "  in  its 
fict  sense.  Its  communicability  lias  long  been  believed  in  by  the 
>ttmese,  and  the  history  of  the  Assam  epidemic  shews  that  infection 
carried  to  fresh  villages  or  houses  by  new  arrivals  suffering  from  the 
tease,  the  first  cases  in  a  village  usually  appearing  in  the  house  in  which 
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the  new-comer  resides.  Although  natives  are  the  chief  sufferers,  it 
becoming  increasingly  evident  that  Eurasians  and  Europeans  are  fr 
quently  victims,  especially  of  the  endemic  form ;  and  there  can  be  litt 
doubt  that  many  of  the  deaths  of  Europeans  in  certain  parts  of  Ind 
which  have  been  and  are  still  recorded  as  due  to  malaria,  chron 
dysentery,  and  other  complaints,  are  really  the  result  of  kala  azar.  Tl 
disease  attacks  individuals  at  any  time  of  life,  from  infancy  to  old  ag* 
though  the  epidemic  form  was  said  to  shew  its  heaviest  incidence  up 
young  adults.  As  regards  seasonal  incidence  little  can  be  said,  because 
the  uncertainty  as  to  the  period  of  incubation  and  the  widely  differii 
conditions  as  to  climate,  temperature,  moisture,  rainfall,  etc.,  prevailii 
in  the  countries  where  kala  azar  exists. 

As  regards  the  elimination  of  the  parasite  from  the  body,  a  fund 
mental  point  in  the  etiology  of  any  parasitic  disease,  we  have  i 
certain  knowledge  ;  but  there  are  several  alternative  methods  which  nn 
be  briefly  discussed.  (1)  From  the  bowel.  The  presence  of  the  parasit 
in  the  intestinal  ulcers,  and  the  intense  degree  in  which  the  liver 
usually  affected,  render  it  probable*  that  they  may  at  times  escape  in  t' 
iiiices,  but,  although  the  probability  cannot  be  denied,  repeated  ai 
exhaustive  search  has  failed  to  demonstrate  their  presence  in  the  deject 
It  is  possible  that  they  may  escape  detection  because  they  have  undergoi 
further  development,  such  as  takes  place  in  artificial  cultures;  but  e 
fonns  corresponding  to  these  cultural  forms  have  been  seen,  and  8uc 
development  in  the  intestine  appears  improbable,  as  artificial  culture 
rapidly  die  if  contaminated  with  bacteria,  (2)  In  the  urine.  The  pM* 
sites,  when  found  in  the  kidney,  are  confined  to  the  endothelial  cellio^ 
the  smaller  ciipillaries — chiefly  the  glomerular  tufts — and  have  never  been 
observed  in  the  renal  epithelium  or  the  tubules.  They  have  not  been  foonJ 
in  the  urine,  and  they  undergo  no  further  development  in  this  mediaDU 
(3)  In  the  bronchial  secretion.  This  is  possible,  but  unlikely,  since  tl»® 
parasites  are  but  rarely  found  in  the  lungs,  and  then  in  extremely  siniB 
numbeis.  (4)  From  cutaneous  ulcers.  This  is  certainly  one  method  If 
which  the  parasites  may  escape,  but,  so  far  as  our  present  knowledge  fff^ 
it  is  a  route  which  can  be  employed  in  a  few  cases  only.  In  many  c«i* 
there  is  no  history  of  cutaneous  ulceration,  and  in  Assam,  where  uloJW 
are  common  among  the  natives,  Dr.  Bentley  (3)  has  examined  ulcers  n 
patients  suffering  from  kala  azar  with  absolutely  negative  results.  T!^ 
discovery  of  a  parasite  in  Delhi  boils,  morphologically  indistinguishiM* 
from  the  "  Lcishmaii  body,"  must  be  remembered  in  this  connexion,  butA* 
investigations  of  Capt.  James  (19)  and  others  tend  to  shew  that  the  \i^ 
parasites  are  not  identical.  It  is  at  least  certain  that  they  differ  altoget4*[ 
in  their  geographical  distribution,  and  that  the  local  condition  of  Ddb 
boil  is  one  which  is  never  followed  by  the  grave  systemic  disease  kno^J" 
as  kala  azar.  (o)  The  jwirasites  may  be  eliminated  in  the  blood.  TW 
occasional  presence  in  the  leucocytes  of  the  peripheral  blood  is  referrw 
to  below,  and  it  is  possible  that  they  might  be  present  at  a  time  wte*" 
one  of  the  haemorrhages  which  are  so  frequent  in  this  disease  occurs.    »' 
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Iso  possible  that  the  parasites  may  be  withdrawn  from  the  blood  by 
<l-8ucking  insects  such  as  mosquitoes,  biting  flies,  fleas,  bugs,  ticks,  or 
small  biting  animals  such  as  leeches. 

Artificial   culture   of  the  parasites^   withdrawn    from    the    body    by 
n\Q  or  hepatic  puncture,  was  first  successfully  accomplished  by  Major 
and  their  development  into  free  swimming  flagellates  has  since 
amply  confirmed.     The  forms  resulting  from  these  cultures  being 
ibed  elsewhere  (p.  52),  reference  will  only  be  made  here  to  some 
e  conditions  of  successful  culture  which  appear  to  bear  upon  the 
ogy  of  the  disease.     Although  the  first  stage  of  development  has 
^w^   observed  in  the  spleen  after  death,  further  progress  is  only  possible 
a^n  the  splenic  or  hepatic  blood  is  kept  from  clotting  by  the  addition  of 
dl^im  citrate,  and  when  the  temperature  of  the  culture  is  not  allowed 
\  o^cceed  25*^  C.     No  development  whatever  occurs  at  blood  heat,  37*^  C. 
la  J  or  Rogers  (49)  reports  that  by  acidifying  his  cultures  with  a  little  citric 
cid    development  occurs  more  certainly  and  more  rapidly ;   but,  in  a 
•ccent  case,  I  obtained  as  rapid  development  of  flagellates  without  this 
juddl^ion  as  with  it.     Still,  it  is  evident  that  a  slightly  acid  medium,  if 
unriecessary,  is  at  least  no  barrier  to  the  development  of  the  parasites. 
All  attempts  to  cultivate  the  parasites  in  water  have  failed.     Contamina- 
tion of  the  cultures  with  bacteria  leads,  as  a  rule,  to  the  rapid  death  and 
degeneration  of  the  parasites ;  but,  in  a  case  reported  by  Capt.  Statham 
9xA  myself,  in  which  the  immediate  cause  of  death  was  a  pneumococcal 
•epticaemia,  the  pneumococci  in  the  cultures  died  and  the  parasites  thrived. 
Attempted  cultivation  in  urine  and  in  highly  diluted  faeces  has  failed. 
Subculture  of  the  flagellates  in  freshly  citrated   human  blood  has  been 
I    successful  up  to  the  third  passage,  but  no  further. 

I         Animal  experiments  by  inoculation  or  feeding,  either  with  the  spleen 

\    parasites   or  with  the  flagellated  forms  which  develop  from    them    in 

^tures,  have  so  far  proved  completely  negative.     Among  the  animals 

^hich  have  been  tried  are  monkeys,  rabbits,  guinea-pigs,  rats,  mice,  fish, 

frpgs,  leeches,  and  insects  of  various  kinds. 

The  possible  mode  of  infection  may  now  be  shortly  considered,  in 
the  light  of  the  above  facts.  Of  the  three  possible  methods  of  inhalation, 
J'^gestion,  and  inoculation,  the  two  latter  need  only  be  considered,  as 
^^tion  by  inhalation  appears  highly  improbable.  As  regards  ingestion, 
^"^y  of  the  known  epidemiological  facts  are  consistent  with  the  disease 
^'^  water-borne,  for  instance  Lieut.  MacKenzie,  at  Dura-Dum,  found 
that  splenic  enlargement  caused  by  kala  azar  was  common  among  natives 
^no  obtained  their  water-supply  from  the  small  "  tinks  "  or  ponds  in  the 
^"^^ity  of  their  huts,  such  ponds  being  notoriously  liable  to  lU'inary  and 
f«cal  contamination ;  on  the  other  hand,  among  the  natives  who  made 
^^  of  the  pure  tap  -  water  supplied  by  the  cantonment,  the  ciises  of 
*P*^nic  enlargement  were  almost  entirely  malarial.  Against  a  water- 
^^e  hjrpothesis  are  the  failure  of  cultivation  experiments  in  water,  and 
the  rapi(j  degeneration  of  the  parasites  when  placed  in  water.  There  is, 
"O^ever,  a  further  possibility  that  the  parasites,  reaching  a  water-supply 


230  SYSTEM  OF  MEDICINE 

through  feecal  or  cutaneous  elimination,  may  there  find  their  altemati 
host  in  the  shape  of  some  water-organisms  or  auimalculte  in  which  tl 
may  develop,  and  which,  when  swallowed  by  another  individual,  n 
cause  infection.  Some  evidence  has  been  brought  forward  in  favour  of  i 
proving  such  hosts,  but  it  awaits  confirmation.  Capt.  Statham  (58).  h( 
ever,  as  the  result  of  his  careful  study  of  the  distribution  of  the  parasitei 
the  tissues,  considers  it  improbable  that  the  gastro-intestinal  ti-act  is 
original  site  of  infection,  and  thinks  the  general  evidence  is  in  favoui 
inoculation  through  the  skin.  Inoculation  may  conceivably  take  pla« 
several  ways,  by  accidental  inoculation  through  cuts,  scratches,  abrasi< 
or  through  the  bite  of  some  fly,  insect,  or  small  animal  which  d 
act  as  carrier  or  intermediate  host  of  the  parasite.  Penetration 
unbroken  skin  by  way  of  the  hair-follicles  or  the  ducts  of  the  sebace 
glands  is  a  further  possibility  suggested  by  recent  work  on  ank^ 
stomiasis.  The  various  alternatives  are  multiplied  and  complicated 
our  present  ignorance  of  the  form  in  which  the  parasite  enters  the  bo 
whether  as  the  oval  "  Lcishman  body,'*'  the  flagellated  cultivation  form, 
thin  "  spirillar  "  forms,  which  I  have  described  as  resulting  from  a  pnx 
of  unequal  longitudinal  fission  of  the  flagellated  parasites,  or,  Anally, 
some  stage  of  development  as  yet  unrecognised. 

Discussion  of  the  relative  value  of  these  and  other  hypotheti 
methods  of  infection  is  obviously  out  of  place,  more  especially  as 
shall  pro])ably  have  definite  information  before  long  as  to  the  facts  of  i 
case.  Major  Rogers'  latest  hypothesis  (49)  may,  however,  be  mentiom 
he  considers  that  infection  is  carried  from  case  to  case  by  the  coma 
bed-bug ;  he  has  not  yet  succeeded  in  infecting  bugs  either  naturally 
artificially,  l)ut  has  cultivated  the  parasites  successfully  in  the  acidif 
and  sterile  blood  withdrawn  from  the  stomach  of  bugs  which  had  be 
allowed  to  bite  normal  individuals.  The  other  evidence  he  brings 
support  of  his  hypothesis  is  somewhat  slight,  but  such  a  methoi 
infection  as  he  suggests  is  by  no  means  improbable,  and  similar  expc 
ments  with  leeches,  biting  flies,  or  other  insects  may  residt  in  settlii 
this  most  important  question.^  The  rarity  with  which  the  parasites  !»' 
been  detected  in  the  circulating  blood,  and  their  extreme  paucity  in  tho 
cases  in  which  thcv  are  found,  constitute  the  chief  difficulties  in  believii 
that  such  a  method  of  transmission  could  account  for  infection  in  all  ci* 

Morbid  Anatomy. — Of  the  changes  obvious  to  the  naked  eye  ift 
death  from  kala  azar,  those  most  frequently  met  with  are  the  gw 
emaciation  and  muscular  atrophy,  the  enlargement  of  the  spleen  « 
liver,  the  presence  of  dropsical  effusions,  and  ulceration  of  the  Itf] 
intestine.  The  post-mortem  signs  vary  according  to  the  stage  of  tl 
disease  at  which  dciith  has  occurred,  and  to  the  presence  or  al)sence 
complications.     Tho  most  importjint  changes,  however,  can  only  be  ©* 

^  Ca])tain  W.  S.  Paton  has  recently  informed  ine  that  he  has  successfully  infected  ^ 
at  Maflras   by  allowing?  them   to   feed   on  kaln  azar  patients    in    whose   peripheral  bte 
"  Ijuishman   bodies"  had  been   found.     In  the  gut  of  such    bugs  he  subsequently  ft* 
flagellated  bodies  resiMiibling  tliose  which  develop  in  artificial  cultures  of  the  parasite, 
detailed  account  of  Captain  Paton's  work  will  shortly  be  jiublished. — W.  R  L. 
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om  hy  the  UBo  of  the  microscope  and  the  apecial  staining  methods  which 
i  iiecwaary  to  demonstrate  the  pceaence  of  the  piiraaite  and  its  dis- 
tribution in  the  tissues.  The  parasite  itself — the  "  Leishman  hody  " — 
]  not  be  described,  as  this  has  been  done  elaewbere  (p.  SO).  The 
distribution  of  the  parasite  and  the  changes  which  are  aseociated  with  its 
prweace  in  the  tissues  have  been  closely  studied,  especially  by  Marchand 
ind  Ledinghani,  by  ChristopherB,  and  by  Statham;  and  the  results  and  con- 
cluiion*  of  these  observers  are  in  close  agreement.  In  general  it  may  lie  said 
ti)»t  the  parasites  are  almost  invariably  found  in  the  (.■yto})lasm  of  certain 
WdMted  cells,  seldom,  if  ever,  free  in  the  tissues  or  the  blood.  The 
Uture  of  these  cells  is,  naturally,  a  question  of  the  first  importance,  and 
there  is  practiced  unanimity  in  regarding  them  as  of  endothelial  origin, 
^ey  are    apparently    the    same    cells   as   those   charged  with  melitniii 

Emiiles  in  malaria,  and  the  majority  of  them  appear  to  have  originally 
sd  the  walls  of  the  smaller  capillaries  or  lymphatics,  and  to  have 
■beequently  become  detached  from  this  situation.  The  powerful 
p»gocytic  properties  of  these  cells  arc  well  known,  and  it  appears 
~" '  "  "c  that  phagocytosis  of  the  parasites  plays  an  important  part  in  the 
IllfiTuion  of  the  disease  in  an  oi^an  and  in  its  spread  from  one  organ 
^  tissue  to  another.  What  appears  to  take  place  is  somewhat  of  the 
Wlowing  nature ; — A  parasite,  however  introduced  into  the  body,  gains 
WtRuice  into,  or  is  taken  up  by  the  phagocytic  action  of,  an  endotheliid  cell 
wUEg  a  small  capillaiy  or  lymphatic,  where  the  slowing  of  the  current 
Wd  the  narrow  calibre  of  the  vessel  favour  auch  action,  The  parasite 
<  not,  however,  destroyed  by  intracellular  digestion  within  the  endothelial 
Wl  bat  is  able  to  live  and  also  to  multiply.  This  niultiplication  occiira  by 
Brect  tission,  and  forms  shewing  all  stages  of  di\'iBion  can  be  seen  in  such 
Wk  As  multiplication  goes  on  the  cell  increases  in  size,  and  the  nucleus 
■  often  displaced  to  one  aide  :  in  smear ■prcjiarations  from  an  infected 
*^  e,  in  which  the  individual  cells  can  be  readily  studied,  as  many  as  200 
^nat«8  may  be  count«d  in  a  single  cell.  This  process  of  cell-infection 
'^  be  best  seen  in  sections  of  an  infected  liver  in  which  the  endothelial 
Is  lining  the  portal  capillaries  are  seen  in  all  stages  of  infection  and  the 
Wdoal  detachment  of  the  infected  cell  from  the  capillary- wall  is  well 
"Blight  out.  Subsequently,  the  infccleil  cells  may  rupture,  either  through 
W  tension  caused  by  their  bmden  of  parasites  or  by  reason  of  a  de- 
^^emtion  of  the  protoplasm ;  and  the  parasites  thus  set  free  are  at  once 
■eji  lip  by  fresh  cells  and  the  process  of  intracellular  multiplication 
The  so-called  "matrix,"  in  which  small  groups  of  parasites 
J  frequently  found  imbedded,  is,  no  doubt,  made  up  of  portions  of  the 
*'">toplaam  of  the  cell  which  originally  harboured  them,  The  detached 
*|?*1  infected  endothelial  cells  are  probably  unable  to  move  far  by  reason 
their  Urge  size  and  a  possible  loss  of  elasticity  and  power  of  accommo- 
j^tion  to  the  narrow  lumen  of  the  6nest  capillaries  :  hut  the  smaller  cells 
'  infectet]  leucocytes  are  doubtless  carried  away  in  the  blood-  or  IjTnph- 
cats,  and  it  is  probably  in  this  manner  that  infection  is  spread 
thout  the  body.     The  occasional  occurrence  of  the  parasites  in  the 


jjz  SYSTEM  OF  MEDICINE 

leucocytes  of  the  peripheral  bloo<]  has  already  been  referred  to,  but  tii« 
rarity  of  their  detection  in  this  situation  is  remarkable  iii  view  of  ik 
intense  infection  which  is  usually  found  in  the  spleen,  liver,  and  bocfr 

The  most  obvious  histological  changes  are  found  in  those  organs  m 
tissues  in  which  the  parasites  are  most  abundant,  viz.  the  spleeD,  livu, 
and  bone-marrow.  The  mesenteric  glands  are  often  intensely  infected, 
especially  when  they  drain  an  area  of  the  bowel  which  bos  been  the  seal 
of  ulceration.  Less  commonly,  and  in  smaller  numbers,  the  panuitn 
have  been  found  in  the  pjincreas,  kidneys,  auprarenals,  testicles,  and 
lungs. 

The  s/iJfn  is  usually  enormously  enlarged,  and,  it  examined  im- 
mediately after  death,  is  of  firm  consistency  and  of  a  deep  red  colour  on 
section.  The  capsule  is  somewhat  thickened,  and  the  trabeculm  hype^ 
tropbiod.  Microscopically,  a  condition  of  hyperplasia  is  found,  and  th« 
organ  is  seen  to  be  gorged  with  blood.  Black  malarial  pigment  is  some- 
times seen,  but  is  frequently  absent.  By  deep  chromatin  stjuiiing  the 
parasites  may  be  seen,  usually  in  enormous  numbers,  lying  in  mononuclnr 
cells  of  various  sizes.  These  infected  cells  are  as  a  rule  somewhat 
irregularly  distributed  throughout  the  splenic  pulp,  some  areas  being 
mnch  more  intensely  infected  than  others,  while  the  Malpigbian  corpuscle* 
are  usually  free  from  infected  colls. 

In  the  U-ver,  although  enlargement  is  less  constant  and  less  in  pro- 
portion to  its  normal  size  than  in  the  case  of  the  spleen,  there  is  uausUy 
profound  histological  change.  The  appearance  on  section  variea,  ing 
either  dark  brown  or  shewing  a  mottled  brownish  or  yellowish  appeann  ■ ; 
a  "nutmeg"  condition  is  not  uncommon.  Microscopically,  the  inb*- 
lobular  capillaries  are  usually  dilated,  and  the  infected  colls,  described 
above,  are  seen  in  them  in  large  numbers,  either  free  or  partially  attached 
to  the  walls  of  the  vessels.  In  most  instances  these  infected  cells  an 
more  common  in  the  portal  than  in  the  hepatic  zones  of  the  lobulea. 
moderate  degree  of  cirrhosis  is  sometimes  met  mth,  but  the  prindp«l 
changes  are  seen  in  the  hepatic  cells,  which  often  shew  signs  of  atro[dif 
and  nuclear  degeneration,  while  in  some  I  have  seen  advanced  fatlf 
change  ;  but  the  parasites  have  never  been  seen  in  the  hepatic  cell& 
Black  or  yellow  pigment  may  be  found,  biit  neither  form  is  invariablf 
present. 

The  hone-iw.rtow  is  usually  intensely  infected  with  the  parasites,  whichi 
here  also  occur  in  mononuclear  cells  of  the  same  nature  as  those  in  tht 
spleen  and  liver.  The  yellow  mari-ow  is  usually  converted  into  ra4 
marrow,  and  is  softer  and  more  difHuent  than  usual.  Ilistological  chatigV 
is  not  marked  in  the  other  organs,  in  which  the  parasites  are  only  foUM 
in  small  numbers,  but  here  also  they  occnr  in  the  cytoplasm  of 
similar  to  those  described, 

There  remain  two  sitmitions  in  which  the  parasites  have  been  fouadji 
namely,  in  ulcers  of  the  skin  jind  in  ulcers  of  the  intestine,  and  Um 
etiological  importance  of  their  occurrence  in  these  ulcers  will  be  obviomb 
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Inlcaliiutl  viaralitm  is  not  uncommon  in  kala  aa»r ;  and  although  iit 
some  cases  the  ulcers  may  be  due  to  dysentery,  in  otheia  ihey  appear  I« 
>»'  an  integral  part  of  the  disease.  The  colon  and  sigmoid  flexure  are  the 
moat  frequent  sites  of  these  ulcers,  and  a  great  variety  of  appearancea 
\\:\\e  been  described  in  different  cases,  varying  from  small  petechia 
-hewing  no  superficial  erosion,  to  large  ulcers  extending  over  a  considerable 
irca  of  the  gilt.  Cicatrices  of  old  ulceration  are  common,  anil  both 
iljinniiig  and  thickening  of  the  gut  have  been  foimd.  In  view,  however, 
'if  the  uncertain  causation  of  the  older  ulcers  in  some  of  the  cases  which 
ii:ivc  lieen  descril>ed,  it  is  not  at  present  i>osaible  to  define  the  typical 
Teatiires  of  the  s[>ecitic  idceration  of  kala  azar.  When  the  parasites  are 
fimnd  in  those  ulcers  ibey  are,  as  usual,  intracellular  and  not  very 
numerous.  In  a  few  cases  also  the  parasites  have  been  found  in  small 
papules  and  ulcers  of  the  skin,  and  also  in  a  lymphatic  gland  draining 
the  area  of  skin  affected  by  one  of  these  ulcers.  Their  presence  in 
cutaneous  ulcers  is,  however,  by  no  means  common,  as  many  have  been 
•earched  for  them  in  vain.  Their  ocoiaional  presence  is  of  importance 
fnim  two  points  of  view:  first,  as  suggesting  a  possible  channel  of  elimina- 
lioa  of  the  parasites  from  the  body,  and  secondly,  as  raising  the  question 
of  the  identity  or  non-identity  of  the  kala  auir  paraBit«E  with  those 
found  in  Delhi  Imils  by  J.  H.  Wright  (cf.  p.  55). 

SytnptomatotOKy.— The  early  symptoms  of  kala  azar  are  neither 
well  known  nor  well  delined.  From  its  chronic  course,  often  lasting 
from  one  to  two  year's,  and  as  cases  arc  not  usually  recognised  till  the 
liiH^ise  is  estitblished,  tho  details  of  history  usually  depend  on  the  state- 
"ints  of  the  patient  or  his  friends;  there  are  few  cases  on  record 
ich  have  been  followed  from  the  onset  by  a  medical  man.  Matters  ai-e 
'ther  complicated  by  the  liability  of  those  dwelling  in  tropical  counti'ies 

malarial  and  other  affections  with  symjitoms  ^at  may  thns  be  nn- 
iteniionally  included  in  any  verbal  account  of  the  early  stages  of  a  case 

kala  azjir.  The  liceratm-e  of  the  Assam  epidemic  is  also  somewhat 
tfodng  in  this  respect,  inasmuch  as  the  writers,  in  most  instances,  held 
iws  of  causation  which  have  since  proved  fallacious,  and  haie  probably 

bribed  as  symptoms  of  kala  azar  features   which  were,   in  reality, 

ibubtble  to  the  disease  with  which  they  believed  it  to  be  identical, 
lo  Uiifl  way  symptoms  of  malaria,  ankylostomiasia,  and  Malta  fever  have 
in  turn  been  included  in  the  older  descriptions  of  the  disease.  Bearing 
tbit  in  mind,  the  writings  of  Boss  (51),  Giles,  Bontley  (2),  Rogers,  James, 
and  others  have  been  largely  drawn  upon  in  the  following  description. 

The  prriod  of  inf.ulxiUfm  is  very  uncertain,  but  it  is  probably  of  con- 
siderable duration ;  from  certain  cases  observed  by  Major  L.  Rogers  it  would 
appear  to  vary  from  three  weeks  lo  several  months  afler  exposure  to  infec- 
tion. Until  our  knowledge  of  the  mode  of  infection  is  more  definite  this 
point  cannot  be  definitely  established.  The  first  symptom  noted  appears 
Mt  l»e  fever,   which  may  be  either  intermittent  or   remittent,  and   is 

Eionally  preceded  by  a  ngor ;  in  the  absence  of  a  blood  oxamina- 
it  cannot  be  'distinguished  from  an  attack  of  malaria,     Pr.  Bi'iitley 
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has  deecribeii  initial  STinptonie  oE  a  gastro-intesUnal  or  dysenteric  Dalure, 
and  at  times  nothing  ai«cinl  has  Imjcti  noted  by  the  patient  except 
steadily  increasing  debility  and  the  gradiinl  appearance  of  the  mor« 
definite  symptoms  which  manifest  themselves  later  in  the  disease. 

The  [luration  of  the  initial  attack  of  fever  is  varinble,  ranging  frum 
two  to  six  weeks ;  during  this  time  the  spleen,  and  frequently  ibe 
liver  also,  Viegin  to  enlarge,  the  enlargement  being  usually  accompanied 
by  a  considerable  amount  of  ])ain  and  some  tenderness  on  palpatioa 
There  ai-e  few  records  of  the  temperature  curves  of  the  initial  fever,  bul 
it  appears,  as  a  rule,  to  be  irregularly  remittent  When  this  nitack 
subsides  there  is  a  general  amelioration  of  the  symptoms ;  but,  after  \ 
longer  or  shorter  interval,  during  which  the  temperature  is  normftl  and 
the  patient  feels  well,  another  attack  of  fever,  resembling  the  first,  occurs ; 
this  in  turn  disappears,  only  to  be  followed  once  more  by  fresh  attaclw, 
the  intervals  of  ajiyrexia  becoming  shorter  and  shorter,  until  they  merge 
in  the  condition  of  continued  fever  which  constitutes  the  second  Btagu  of 
the  disease. 

During  this  first  stage  of  Huccessive  attacks  of  fever  the  enlargement  of 
ihe  spleen  and  liver  becomes  more  accentuated,  and  these  organs  no  longer 
return  to  their  normal  size,  as  usually  happens  after  the  earliest  attacks, 
while  the  patient  begins  to  shew  evidence  of  the  ilrain  on  his  strength  in 
the  appearance  of  antemia  and  gradually  increasing  debility  and  wasting. 
The  duration  of  this  stage  averages  one  to  three  months,  but  it  varies 
within  wide  limits,  in  common  with  the  subsequent  sl^es.  The  condition 
of  continued  fever  which  constitutes  the  second  stage  lasts,  as  a  rule,  from 
seven  to  twelve  months,  and  merges  by  degrees  int<)  a  thinl  or  final  stage 
of  cachexia,  in  which  the  temperature  may  fall  to  normal  or  below  it, 
with  oocasioiuil  conflagrations  of  high  fever  of  a  very  irregular  character. 
During  the  second  stage  a  condition  of  profound  cachexia  is  gradually 
established,  and  the  sufferers  are  usually  greatly  emaciated  and  debilittited. 
This  progressive  lowering  of  the  vital  powers  may  end  in  death  from 
asthenia ;  but  death  more  commonly  results  from  one  of  the  complic&tioni 
or  terminal  afTections,  against  which  the  enfeebled  constitution  of  tbs 
[indent  cau  make  no  stand. 

Although  the  genei^al  course  of  the  disease  follows  the  lines  described 
above,  the  greatest  variations  are  met  with  in  individual  instances,  and 
CHSP-s  may  eitlier  run  a  chronic  course  lasting  two  years  or  more,  or  may, 
though  rarely,  prove  fatal  within  two  months  of  the  first  appearance  of 
the  siTnptoma. 

The  following  individual  symptoms  of  the  disease  may  bo  taken  as 
common  to  both  forms- — the  epidemic  and  the  endemic — since,  as  Aw 
as  our  present  knowledge  goes,  there  is  no  essential  diHerence  betwesn^ 

Gmenil  Cimdxtum  and  Externa}  Appearances.  —  Once  the  disease  iH' 
establiBbcl  there  are  marked  signs  of  the  progressive  amemia  and 
muscular  atrophy.  The  swollen  state  of  the  spleen  is  frequenlly  visiUe 
to  the   eye   as  an  abdominal    tumour  which   may   extend   beyond 
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nbilicus  \  in  childreti,  eajjecmily,  the  abdominal  distension  tbtis  caused 
US  a  Btrikiiig  contrast  to  the  emacJaterl  limbs.  The  skin  becomes  diy 
I  furfuraceoug,  and,  in  natives  of  India,  is  often  ilarkened  from  the 
nmal  chocolate  colour  to  a  blackness  resembliug  that  of  an  African. 
*B  blackening  is  well  known  to  the  natives,  and  is  the  origin  of  the 
le  "  Kala  Azar,"  or  black  aickiieas.  It  is  not,  however,  due  to  tbe 
iposit  of  pigment  in  tbe  skin,  as  in  malaria,  but  to  trophic  changes 
I  Europeans  an  extraordinaty  earthy  pallor  of  the  skin  is  common,  often  | 
:  a  yellowish  or  greenish  tinge,  which,  once  seen,  is,  I  think,  ve 
Iggeative.  The  hair  is  apt  to  become  dry  and  brittle,  losing  its  natural  I 
90S  and  elasticity,  and  frequently  falls  out  in  quantities. 

The  extreme  emaciation  commonly  seen  in  those  who  survive  to  the 
ber  stages  of  the  disease  is  not,  however,  invariable,  cases  being  met  in 
bich  the  body  appears  to  be  well  nourished  even  shortly  before  death. 
—This,  the  earliest  and  most  frequent  manifestation,  is  also  one 
the  most  variable  as  regards  continuity,  height,  and  type.  The 
ll«ral  course  has  been  indicated  above  in  describing  the  three  stages 
to  whicii  the  disease  may  be  divided.  That  of  the  initial  stage  is,  as  a 
le,  remittent,  with  an  upper  limit  of  I03°-I04'  F. ;  but,  once  the  second 
Ige  of  continued  low  fever  is  reached,  it  follows  a  veiy  irregidar  type, 
netimes  remittent,  sometimes  intermittent ;  while,  as  a  rule,  the  daily 
Hfiiuum  does  not  exceed  101°  F.,  and  in  this  respect  shews  a  certain 
lount  of  regularity.  At  times  severer  attacks  occur,  and  the  charts 
fcy  be  further  complicated  by  intercurrent  attacks  of  malarial  fever  or 
r  inflammatory  complications.  It  has  been  noted  that  at  this  stage  the 
"  ^t«  often  appear  to  have  acquired  a  certain  tolerance  of  the  fever, 
\  may  be  ignorant  thai  their  temperature  is  two  or  three  degrees 
Wve  the  normal.  Major  Rogers  {4ff)  further  notes  that  by  two-hourly 
!  four-hourly  observations  a  double  or  even  a  treble  rise  may  be  noted  in 
)  twenty-four  hours,  an  observation  to  which  he  attaches  diagnostic 
iportance.  In  the  cachectic  stage  the  extreme  irregiilarity  of  the 
■npeniture  is  its  most  distinctive  feature.  High  remittent  fever  may 
I  present  at  times  with  inlermissions  of  apyrexia,  during  which  sub- 
lal  readings  are  very  common. 

The  sfittn  is  almost  invariably  enlarged,  and  at  times  attains  enormous 
piensions,  half  filling  the  abdomen  and  rivalling  the  liver  in  size.  In 
(B  early  stages  the  swelling  is  often  accompanied  by  pain  and  tendeiTiess 
1  palpation.  The  organ  is  often  subject  to  gi'eat  fluctuations  in  size, 
1  rapid  diminution  of  bulk  has  been  noted  to  coincide  with  a  severe 
ick  of  diarrhiva.  The  degree  of  splenic  enlargement  does  not  appear 
I  bear  any  distinct  relation  to  tbe  severity  of  the  disease. 

Tbe  IvTer  is  also  frequently  enlarged,  but  not  so  constantly  as  the 

Imb,  nor  to  such  a  degree;  it  is  seldom  found  to  ext«nd  more  than  one 

'two  fingera'-breadth  below  the  costal  margin.      Pain  is  complained  of 

;  times,  but  is  neither  constant  nor  severe.      A  moderated  degree  of 

ks  been  noted,  but  this  is  exceptional. 

Some  form  of  ailtmn  may  occur  at  almost  any  stage  of  kala  azar, 
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and  ia  seldom  absent  from  tlie  history  of  a  coae.  It  is.  as  a  nilt, 
slight,  and  confined  to  the  feet  imd  nnkles,  but  may,  in  the  later  slagtt 
take  the  foi'm  of  ascites  or  effusion  into  the  pleural  or  pericArdinl  cavilin, 
while  death  occasionally  results  from  (edema  of  the  lungs.  Tranailorr 
n^demas  of  various  regions  of  the  face,  trunk,  or  limbs  are  common,  ud 
have  been  a  feature  in  the  history  of  every  case  which  I  have  examined. 

Hn-m(irhii'jeii  may  occur  at  any  stage  of  the  disease,  and  may  take  the 
form  of  epistajtis,  bleeding  from  the  gums,  hnmntemesis,  or  melffna; 
while  cutaneous  hfemorrbagos,  in  the  form  of  purpuric  eruptions  or  i«l>- 
cutaneous  extmvasations,  are  very  common.  This  tendency  to  tttiem* 
and  hemorrhage  is  conceivably  associated  with  the  deficient  coaguUliililr 
of  the  blood  that  has  occasionally  been  observed.  Intestinal  biemoi- 
rhage  may  be  due  to  the  specific  ulceration  of  the  bowel,  but  the 
frequency  of  true  dysentery  and  ankylostomiasis  in  kala  azar  counOit^ 
muFtt  be  borne  in  mind,  as  possibly  complicating  the  case  and  causing 
the  haemorrhage, 

C/uiiiffes  ill  llif  Blood. — The  condition  of  the  blood  varies  with  ih^s 
stage  of  the  disease.  As  already  noted,  a  progressive  nnfemia  is  esui»— 
lished  us  the  attack  advances,  hut  the  loss  of  red  cells  is  less  than  it^ 
appearance  of  the  patient  would  suggest.  The  average  number  of  M" 
celts  is  3-1  million  per  cram.,  and  it  is  rare  to  find  them  reilnced  l** 
2i  millions.  Nor  is  the  "colour  index"  much  reduced,  when  allowaiw*^ 
is  made  for  the  low  normal  value  found  to  exist  in  the  Assamt*^* 
Abnormal  red  celts  and  nucleated  reds  are  rare.  Changes  in  the  numb^"* 
and  relative  proportions  of  the  leucocytes  am,  however,  much  m^** 
frequent  and  important.  Early  in  the  disease  a  moderate  Icucocytosis  i"*^ 
be  found,  but  this  soon  disappears,  and  a  marked  leucopenia  is  establish^'^ 
as  the  disease  progresses,  the  polymorphonuclear  leucocytes  being  chieltir  *  . 
default.  Major  Rogers  (SO)  found  that  in  the  later  stages,  during  apj-rexi*^ 
intervals,  the  total  number  of  leucocytes  seldom  exceeded  1000-20^^ 
per  c.mm.,  while  they  were  occasionally  as  low  as  700-800.  Ae  regar^^^ 
the  relative  proportions  of  the  different  leucocytes  two  feutiirea  a-^ 
frequent,  a  relative  and  absolute  decrease  of  the  polymorphonuclear  ars 
a  relative  increase  in  the  numbers  of  the  large  mononuclear  or  hyalir'  * 
cells.  This  point  is  of  interest  in  view  of  the  importance  which  MajC 
Rogers  and  others  have  attached  to  such  a  mononuclear  increase  » 
affording  evidence  of  malaria.  Although  kala  azar  patients  may  and  d' 
suffer  from  intercun-ent  atbicks  of  malaria,  there  can  be  no  donbt  tfaaC* 
in  these  cases,  tfae  relative  mononuclear  increase  is  attributable  to  th^ 
severer  disease;  and  it  is  not  improbable  that  many  cases  of  so-c*UeiS 
"  malarial  cachexia,"  in  which  such  a  relative  increase  has  been  taksn 
as  additional  evidence  of  their  malarial  nature,  have,  in  reality,  bi 
unrecognised  cases  of  kala  azar. 

A  aearehing  examination  of  films  of  peripheral  blood  may  at  tii 
raveal  the  presence  of   the  recently  discovered  parasite — the  so-cal 
■■  Leishman  body  "  or  "  Leishman-Donovan  body  " — in  the  protoplasm  (rf 
a  leucocyte.     Unfortunately,  from  the  point  of  view  of  diagnosis,  this  i 
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^H  »  very  rare  occurrence ;  still,  they  ehoulil  always  be  searcher)  for,  since,  if 

^^kfound,  the  necessity  for  the  peHortuance  of  splenic  or  he|>atic  puncture, 

^Vin  order  to  establish  the  nature  of  the  cose,  would  be  obviated.      The 

^Bcb«Qces  of  success  are  best  when  the  temperature  is  bi(;h(  102°-1 03°  F.),  but 

B   pMJiuiies  are  bo  raro  that  hundreds  of  leucocytes  may  be  searched  l)efore 

H    It  single  individital  is  detected,  and  this,  in  the  presence  of  so  pronounced 

W    a  leucopenia,  is  no  b'ght  tftsk.     Collection  of  a  larger  quantity  of  blood 

[O'5-l  c.c.j  in  a  aipeule,  and  the  addition   of   "5  per  cent  of    sodium 

•-'itrnte  solution  to  obviate  coagulation,  facilitates  the  search,  thii  corpuscles 

Iwing  centrifuged,  or  allowed  to  form  a  sediment  and  the  upper  layer  of 

<^oIl«  pipetted  off  for  examination.     It  is  very  doiibitul  if  the  parasites 

are  ever  frco   in   the   plasma,  except  by  reason  of  the   rupture  of  an 

infected  Ipucocyle  in  the  process  of  preparing  the  film. 

Major  Donovan  (16)  has  describe<l  endoglobular  forma  of  the  parasite 
'n  the  red  cells  of  the  peripheral  blood,  but  his  observation,  although 
iTnior«eil  by  Laveriin,  has  not  been  confirmed  by  other  observers,  and, 
>n  the  coloured  pUtes  which  he  has  published,  these  forms  shew  little 
■'e»embhuice  to  the  parasites  as  seen  in  the  spleen,  and  are  more  sug 
gestive  of  the  yoimg  ring  forms  of  malaria  parasites  (cf.  p.  61). 

\o  very  constant  symptotns  have  been  referred  to  the  natous  or 
'jspiratory  systems,  although  in  the  terminal  affections,  which  are  so 
irequenlly  the  immediate  cause  of  death,  the  lungs  and  the  brain  are  nor 
infrequently  involved 

Jjuiestiee  AVs/fi.— Disorders  of  digestion  and  failure  of  apjwtite  are 
'■'^TOmon,  but  it  is  remarkable  tbat,  in  the  later  stages,  the  appetite  may 
'■c  very  good,  ami  occosioriHlly  there  is  a  craving  for  food  of  an  unusual 
■'•nd,  for  instance,  a  desire  for  meat  in  the  case  of  nntives,  to  whom  it  is 
•ttrbidrlen  by  the  laws  of  their  caste.  Intestinal  disturljances  are  very 
f*"nmoD,  and  diarrbtea,  of  an  extremely  olistinale  and  intractable  kind, 
**  tuually  present  at  one  or  other  stage  of  the  disease.  This  is  most 
•'|«(|aeQt  in  the  later  stages,  and  plays  no  small  [mrt  in  the  drain  on  the 
***^  powers,  which  reduces  the  patient  to  such  a  pitiful  state  of  ex- 
''^tutiun  that  he  falls  an  easy  victiui  to  one  of  the  complications  referred  to 
"®l«w.  Blood  is  not  infrequently  found  in  the  stools,  and  the  symptoms 
"^^y  be  those  of  dysentery,  and  due  to  an  invasion  of  the  gut  by 
■'f*niilKe  or  by  the  BaeUlus  dysfitieritf ;  but  it  may  also  be  duo  to  ^m  ulcera- 
'"^n  of  the  colon,  which  is  apparently  specific,  since  the  "  Leishman  body  " 
y^^  been  found  in  such  ulcers  by  Sir  P.  Manson  and  Dr.  Low,  l)y  Lieut, 
"'^ristophers,  and  others.  The  intestinal  symptoms  may  be  further  coni- 
j^'icaU-d  by  the  presence  of  Entozoa,  to  which  the  Assamese  are  especially 
^^We ;  AnUyltKthma  dumifiuilif,  for  itistance,  is  so  frequent  in  that  country 
^  »»«  Col.  Giles,  in  his  investigation  into  the  nature  of  kala  a»r,  was  led 
'  *  rausider  this  parasite  the  cause  of  the  disease. 

Many  other  symptoms  have  been  noticed  in  individual  cases  during 
'He  ontse  of  the  disease,  but  it  has  lieen  thought  advisable  to  mention 
^\iiMii  only  which,  from  the  regularity  of  tlieir  appearance,  are  of  common 
and  therefore  of  diagnostic   importance.       Patients  suffering 
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from  a  disease  so  chronic  and  exhausting  as  kala  azar  are  peculiarly 
prone  to  intercurrent  attacks  of  other  bacterial  or  protozoan  diseases, 
which  may  thus  lead  to  great  variations  in  the  clinical  picture.  It  b 
well  to  bear  this  in  mind  in  diagnosing  a  case  from  the  symptomatology 
alone,  and  in  the  absence  of  definite  proof  of  the  presence  of  the  parasite. 

Tnminutioiis, — Cases  of  kala  azar  tend,  in  the  enormous  majority o( 
instances,  to  death.  While  this  may  occur  at  any  stage  of  the  disease, 
usually  during  an  acute  attack  of  pyrexia,  it  occurs  more  commonly  at 
the  end  of  the  second  stage  or  during  the  final  stage  of  cachexia.  The 
apparent  cause  may  be  simply  asthenia  or  exhaustion,  but,  as  a  rale, 
sufferers  succumb  to  some  complication  or  terminal  affection.  The  most 
frecjucnt  of  these  are  diarrhcea,  dysentery,  cancrum  oris,  lung  com- 
plications such  as  pneumonia,  tuberculosis,  or  oedema,  haemorrhages 
from  the  stomach  or  bowel  or  into  the  membranes  of  the  bniin.  Perfoia- 
tion  of  an  intestinal  ulcer  may  lead  to  a  fatal  peritonitis;  meningids and 
(judema  of  the  glottis  have  been  met  with  in  a  few  instances. 

Mortal  if  I/. — Kala  azar  is  one  of  the  most  fatal  of  tropical  diseases; 
during  the  height  of  its  ravages  in  Assam  the  death-rate  was  as  high  as 
90  per  cent,  while,  since  then,  it  is  said  to  range  between  that  figure  and 
70  per  cent.  As  far  as  evidence  has  been  collected  with  regard  to  the 
endemic  disease  this  form  appears  in  no  degree  less  fatal,  although  the 
average  duration  of  the  illness  is  siiid  to  be  somewhat  longer.  The  diffi- 
culties of  recognising  the  disease  in  its  earlier  stages  have  ali-eady  been 
mentioned,  and  it  is  quite  possible  that  slight  cases  may  occiu*,  followed 
by  recovery,  which,  if  included,  would  lower  the  general  death-rate ;  bat 
it  is  at  least  certain  that  when  once  the  diseiise  is  established  the  patient's 
recovery  is  extremely  improbable,  and  that  if  he  hjis  entered  upon  die 
third  stuge,  or  during  the  second  stage  is  attacked j  by  some  other  grave 
disease,  death  is  almost  inevitivble.  In  the  case  of  Europeans,  in  whom 
the  disease  is  by  no  means  uncommon,  the  fatality  is  as  high  as  in  natives, 
and  among  those  who  have  reached  England,  suffering  from  either  form  of 
the  <lisease,  I  have  neither  seen  nor  heard  of  a  recovery. 

Diagnosis. — In  the  earlier  stages  there  is  nothing  specially  charac- 
teristic in  the  fever  or  other  symptoms ;  and  although  the  absence  of 
malarial  parasites  and  the  resistance  to  quinine  may  arouse   suspicion, 
there  are  luidoubtedly  other  fevers  of  unknowTi    causiition    in    tropical 
countries  which  may  increase  the  difficulties  of  early  diagnosis.     I^ter, 
the  history  of  the  case  and  tho  j)resence  of  the  majority  of  the  symptoms 
detailed  alK)ve   make  up  a   clinical  picture   w^hich   is  fairly   distinctive, 
while  the  existence  of  pi-evious  cases  in  the  patient*s  family  or  neighbour 
hood     incivas(}s    the    piobability    that    the    case    is    one  of    kala    azar- 
(Greater  difficulty  may  be  found   in   the  endemic  form,  especially  in  a 
<listrict  where  the  existence  of  the  disease  has  not  been  .sus])ected.    I 
have  recently  received  reports  from  Indian  stations  in  which  the  finding 
of  one  case  has  le«l  on  investig-.ition  to  the  discovery  of  many  more,  the 
real   natiu'c   of  which  had,   till  then,   been    unrecognised.       The   blood 
changes,    and    especially    the    leucopenia,  are   sufficiently  constant  and 
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be  of  special  diagnostic  value,  while  a  history  of  transitory 
Lorrhages,  and  purpuric  eruptions  is  rarely  wanting.  Kala 
likely  to  be  confused  with  the  condition  known  as  malarial 
this  confusion  has  existed,  and  still  exists,  to  so  large  an 
\  revision  of  the  classical  symptoms  of  malarial  cachexia 
sary  in  the  light  of  our  knowledge  of  the  existence  of  the 
1  of  kala  azar.  The  difficulties  are  not  simplified  by  the 
ses  of  kala  azar  may  and  do  suffer  from  malaria,  but 
jcurs,  the  malaria,  under  appropriate  treatment,  will  dis- 
ut  any  improvement  in  the  general  condition.  Certainty 
can,  however,  be  obtained  by  means  of  splenic  or  hepatic 
lich  will  disclose  the  presence  of  the  "  Leishman  body  "  in 
but  failure  to  find  them  should  not  necessarily  be  taken 
;  kala  azar,  as  they  may  be  missed  unless  the  tissue  has 
broken  up  by  the  needle-point  and  the  parasites  in  this  way 
jape  from  the  cells  into  the  blood  which  is  withdrawn  through 
Should  blood  only  be  withdrawn  no  parasites  may  be  found, 
sequent  examination  after  deiith  may  prove  them  to  have 
It  must  be  remembered  that  the  operation  of  splenic 
not  absolutely  free  from  danger,  several  cases  of  fatal 
having  occurred  ;  hepatic  puncture  presents  fewer  objections, 
B  whole  preferable.  In  Europeiins,  the  general  appe«irance, 
the  skin,  and  the  absence  of  malarial  parasites  are,  I  think, 
ristic,  and  in  the  past  led  me  to  distinguish  the  endemic 
isease  under  the  name  of  "  Dum-Dum  Fever,"  before  finding 
in  one  of  these  cases  at  Netley  (25). 

5. — From  what  has  been  said  as  regards  mortality  it  follows 
extremely  unfavourable.  Still,  recovery  is  not  hopeless, 
Rogers  has  reported  cases  in  which,  the  presence  of  the 
e  spleen  having  been  proved,  subsequent  exploration  shewed 
disappeared  coincidently  with  complete  restoration  of  health, 
lerally,  the  later  the  stage  of  the  disease  the  worse  the 
Volonged  diarrhcea  or  dysentery  is  of  evil  omen,  as  are  also 
rrhages  or  oedenias,  or  the  occurrence  of  any  of  the  com- 
ationed  above.  On  the  other  hand,  favourable  signs  are  an 
)mplications,  long  fever-free  periods,  and  a  moderate  degree 
^lajor  Rogers  (50)  lays  stress  on  the  prognostic  value  of  the 
at,  which,  if  totalling  2000  per  c.mm. — and  of  these  at  least 
be  polymorphonuclears  —  is  a  sign  of  amelioration  and 
ery. 

it. — As  may  be  gathered  from  the  terrible  mortality  of  kala 
been  most  unsatisfactory  in  the  past,  and  at  the  present 
)rospects  of  success  are  little  if  at  all  better.  Innumerable 
jen  tried  and  abandoned  as  useless,  and  it  would  appear  that 
\  prospects  of  prevention  are  ])etter  than  those  of  cure.  Still, 
i  recovery  is  not  hopeless,  and  further  research  may  put  us 
imitating  what  nature  appears  able  to  effect  in  certain  cases. 
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Quinine  is  the  only  drug  whose  value  is  still  debated ;  Major  Rogers 
(42)  considers  that,  if  given  early,  in  large  enough  doses,  and  before  the 
leucopenia  has  become  extreme,  it  may  do  good,  chiefly  by  controlling  the 
fever  and  in  lengthening  the  periods  of  apyrexia.  On  the  other  band,  it 
has  been  pushed  ad  mius^eam  by  many  who  now  regard  it  as  absolutely  valll^ 
less.  In  the  presence  of  such  a  desperate  disease  and  the  absence  of 
alternatives  it  should  certainly  be  tried,  if  necessary  by  hypodermic 
injection ;  it  is  best  employed  during  the  apyrexial  intervals,  or  when 
the  temperature  is  below  101°  F.  Arsenic,  iron,  nux  vomica,  etc.,  are 
considered  quite  useless.  Another  line  of  treatment  is  to  attempt  to 
combat  the  leucopenia  by  the  administration  of  red  bone-marrow,  either 
raw  or  in  the  form  of  tablets.  This  has  the  effect  at  times  of  increasiiif 
the  number  of  polymorphonuclears,  and  if  this  can  be  effected  benefit 
may  follow ;  good  results  have  been  claimed  for  it,  and,  though  it  certainly 
fails  in  many  cases,  it  is  worthy  of  more  extended  trial. 

Good  nursing  and  a  suitable  regimen  are  of  importance,  great  care 
being  taken  to  avoid  upsetting  the  digestion  by  an   unsuitable  diet 
Diarrhcjea  may  occur  at  any  stage,  and  every  effort  should  be   made  to 
control  it  by  dieting  and  the  use  of  astringents  such  as   bismuth  and 
salol ;    in  the  later  stages  it  is  most  intractable,   and   may  become  a 
dangerously  exhausting  complication.     The  other  complications  denuuid 
their  appropriate  remedies  or  palliatives,  but   the  extreme  exhaustioo 
caused  by  the  systemic  disease  serio'i^ly  handicaps  the  physician,  uA 
complications  such  as  pneumonia,  cancrum  oris,  frequently  cause  deatL 

Change  of  climate,  or  at  least  re  oval  from  the  district  in  which  the 
disease  wiis  contracted,  has  been  arvocated,  and  recovery  in  the  case  of 
natives  has  sometimes  coincided  with  such  change.  I  have  not,  however; 
seen  or  heard  of  a  recovery  in  the  case  of  Europeans  returning  to 
England ;  possibly,  had  the  disease  been  earlier  recognised,  they  might 
have  benefited  by  the  change. 

Frophf/l((.ns. — Much  may  be  hoped  from  preventive  measures  whenlh« 
complete  life-history  of  the  parasite  is  worked  out,  and  the  channels  by 
which  it  enters  and  Icivves  its  human  host  are  recognised.  Until  we  are  in 
possession  of  this  knowledge  nothing  can  be  done,  at  least  in  the  endemic 
form  of  the  disease.  In  the  epidemic  form  good  results  are  stated  to 
have  followed  the  segregation  measures  advocated  by  Major  Kogers  (45), 
although  tliese  were  formulated  at  the  time  he  considered  the  disease  to  be 
malaria.  These  measures,  which  aimed  at  the  segregation  of  all  cases  tf 
soon  as  recognised,  together  with  their  families,  and  the  abandonment  and 
destruction  of  the  (piarters  in  which  they  lived,  have  been  successful  in 
preventing  the  spread  of  the  disease  among  coolies  working  in  the  tei 
gardens  of  Assam.     Quinine  has  also  been  advocated  as  a  prophylactic. 

W.  B.  Leishmak. 
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MALARIA 

By  Prof.  W.  S.  Thaykr,  M.D. 

Synonyms. — Ague  ;  Paludism  ;  Intermittent  Fever  ;  Paludibwe  (Fr.) ; 

IVechselfiehei'  (Ger.) ;  Pahidimio  (It.). 

^finition. — A  specific  infectious  disease,  due  to  the  invasion  of  the 
lood  by  several  species  of  haemosporidia  of  the  genus  Pln.'^inodrum 
Uilaria^,  This  disease  manifests  itself,  according  to  the  species  of 
^fccting  parasite,  in  three  types  which  arc  distinguished  in  comiuon 
y  the  occurrence  of  perio<lical,  intermittent,  or  subintrant  febrile 
^roxysms. 

Historical  Note. — Easily  recognisable   descriptions   of    the   malarial 
-vers  are  to  be  found  in  the  oldest  medical  writings,  and  remarkably 
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accurate  accounts  of  many  forms  of  the  disease  occur  in  the  works  of 
Hippocrates,  Galen,  and  Celsus.  By  the  older  authors,  however,  no 
distinct  separation  was  made  of  that  group  of  fevers  which  we  now 
know  as  malarial. 

Three  epochs  may  be  recognised  in  the  advance  of  our  knowledge 
concerning  malaria.  The  first  of  these  began  with  the  introduction  of 
the  use  of  cinchona  in  1640,  and  the  discovery  of  its  specific  action  in 
a  limited  class  of  febrile  diseases.  With  this  period  are  especially 
associated  the  names  of  Sydenham,  Torti,  and  Morton.  The  contribii- 
tions  to  the  literature  by  these  authors  and  by  their  worthy  successor 
Lancisi  contain  much  that  holds  good  to-day.  The  hypothesis  of  tke 
parasitic  origin  of  the  disease  was,  indeed,  adhered  to  by  all  of  these 
authorities,  and,  in  the  light  of  our  present  knowledge,  the  accuracy  of 
some  of  the  older  hypotheses  is  truly  remarkable.^ 

But  despite  these  clear-headed  men,  confusion  still  existed  as  to  the 
proper  application  of  the  term  malaria  until  the  beginning  of  the  second 
great  epoch  in  1880,  with  the  discovery  by  Laveran  of  the  specific  cause 
of  the  diseiise. 

The  once  prevailing  conception  of  the  manner  of  infection  in  malaria 
is  reflected  in  the  term  by  which  it  has  come  to  be  known — ^^rnaV  aria!' 
But  there  were  many  other  hypotheses.  Amongst  other  time-honoured 
conceptions  was  that  of  the  transmission  of  the  disease  by  suctorial 
insects.  King  (1883),  Laveran  (1891),  and  Bignami  (1896),  suggested 
that  the  nioscjuito  might  be  the  infecting  agent,  while  Sir  P.  Manson 
(1894)  brought  forward  arguments  in  support  of  the  conception  that 
this  insect  might  play  the  part  of  intermediate  host  of  the  malarial 
parasite.  But  doubt  and  uncertainty  with  regard  to  the  manner  of 
infection  j)revailed  until  the  opening  of  the  last  epoch  in  the  advance 
of  our  knowledge — the  demonstration  of  the  agency  of  the  mosquito 
ill  the  transmission  of  malaria  (1897-99)  by  Prof.  Ronald  Boss,  and  the 
Italian  school  (Gnissi,  Bignami,  and  Bastianelli). 

Etiology. — Mauuer  of  Ivficiwn. — The  infectious  agent  of  malaria-^ 
Pldfiinoiiiuni  malarin — is    inti'oduced    into  the    human  organism    by  ^^ 
bite  of  mosquitoes  of  the  family  Culicidie,  sul>-family  Anophelinae,  wH^^^ 
have    themselves    become    infectcjd    by   biting    individuals  whose   bl<^ 
contained  gametes  of  the  malarial  ])arasites. 


'   Ksin'cially  striking  is  tlie  observation  of  Ilasori  [1702-1827].     Calandrucfio,  '^^<*-'* V.^ 
Ilnssl  (ii  hnii^  il  fniiihititrc-  (h'Ud  (x'ria  /mnisifarui,  alQ.     Catania.    1892,70.      '*^^^^*''^>h 
>t^ar.s  1  have  ]r'M  tlie  opinion  lliat  the  internutttMit  fevers  are  priuluc'e*!   by  jiarasites  ^'' 'j^ 
call  fortli  a  new   paroxysm  by  tin*  a<-t  of  tlieir  reproduction  wliieli   oceurs  at  more  or       ^ 
rapid  intervals  arconliug  to  the  speoies."      Ah)nj;!»ide  of  su(']i  a  remarkably  accurate  ^.^^  a^ 
thesis  it  may  be  of  interest  to  cpiote  the  rnriously  <*]iosen  words  of  Hr.  Thomas  Fuller.  *'^^^. 
in  tlie  preface  of  Wis  E.iiinth*-ni(ftnh»jiii  (1 ',  London.  C'liarles  iJiviuirton,  1730),  resigiie<lly  st*  -^  ' 
••  1  believe  with  all  my  Heart,  that  Nature  doth  (Jeometri/e  in  all  her  Works,  and  consta.^^  ' 
kt'epeth  exact  Proportion,  Measure,  and  Number  :  but  withal  1  am  as  inuch  assured  tha'^     ,. 
have  not  Capacities  to  take  in  a  disiiiict   KnowhMlire  of  them.  .   .   .   Can  .any  Man,  can         , 
the  Men  in  the  World,  tho'  .a''>i>.te<l  by  Anatomy,  Chymi^try,  an<l  the  best  (ihisses,  P'^t.*-* 
]>ositively  and  certainly  to  tell  us  what  j»articles,  how  sizeil,  tiijured.  situate<l,  mixed,  \\\o<^ 
i\\u\  how  many  of  them  are  recpiisite  to  produce   a  rpiartan  ajjue,  and  how  they  siKMjific^v 
differ  from  thtjse  of  a  tertian.   ..." 


It  is  impurtarit  at  the  outset  of  a  consideration  of  this  dieejiae  to 
fealise  thai  malaria  does  not  appeur  spontaneously  without  the  existence 
if  certain  definite  conditions  ;  (1)  The  presence  of  Aiiophelince.  (3)  The 
■  recent  presence  of  cases  of  malaria  (relapses  or  infeetions 
quired  elsewhere)  from  whicli  the  mosquitoes  may  derive  the  infection. 
f9)  Clirnntic  eonditions  favouring  the  activity  of  the  mosquito,  suitable 
-  ite  infection  and  for  the  further  development  of  the  oocysts  of  the 
(4)  Susceptibility  of  ihe  mosquito  and  of  the  individual 
bitlen  to  infection.  In  the  aliaence  of  any  one  of  these  factors  an  out- 
break of  malaria  is  impossible.  Thus,  there  are  many  re^ons  in  which 
Anophelinie  are  pi'esent  without  the  existence  of  malaria,  while  again, 
localities  which  are  definitely  infected  are  quite  safe  at  seasons  of  the 
~  '  1  which  the  climatic  conditions  are  such  that  mosquitoes  <lo  not 

bite,  or  that  the  oiicysts  of  the  parasite  arc  incapable  of  development. 
Moreover,  it  cannot  yet  be  asserted  that  all  Anophelina;  are  capable  of 
aferring  the  disease.     While  there  is,  at  present,  no  eridence  that 
iher  Cnlicidv  are  capable  of  acting  as  hosts  of  Plasmodium  malarite,  it  is 
town  that  Vulex  pipieii.i  plays  this  part  with  regard  to  the  closely  allied 
aitea  of  birds.     At  the  present  time  the  following  mosquitoes  have 
I  shewn  to  l>e  capable  of  transferring  malarial  infection.     AnojikeUs 
i^uTcatus  (Europe);   ji.   vuietiUjiennis   (Europe   ami    North   America); 
^  jaoentis  (Japan) ;    A.   marlini,  A.  pursati  (Cambodia) ;    A.  vineenii 
JTonkin)  ;   Myxmrnt    rkmlopJiersi,   M.   culitifacies  (India) ;    M.  funtsta, 
mperpida,    Myzorhmchia    palvdis    (West    Africa);     M.     ainstani 
tdagaacar  and  Reunion);  Pyi'etoplwrua  oislalis  {Ainca)  \  Kt/ssorlit/nehus 
jtfd  (Brazil) ;  ,V.  aiUnsh  (Panama).     It  is  doubtless  true  that  numerous 
ther    Aiiophelinie    transfer    the  disease.     The    brothers    Sergent    have 
wently  found  sporozolles,  prol>ab!y  malarial,  in   the  salivaiy  glands  of 
's  and  Myzotniiia.  hupuniota  in  Algeria. 
GroijTaphiail  I/iilribitlion. — Malarial  fevers  are  widespread  throughout 
ibe  tempurate  and  tropical  regions  of  the  world.     The  disease  is  rarely 
"a  cold  climates  ;  never  above  the  latitude  of  60'  N.     The  severer 
Iwpes  of  infection  are  endemic  in   the  tropics,  the  milder  forms  alone 
terailing  in   temperate   climates.      Malaria  is   especially   common   in 
,  nuu-Bby  regions,  along  the  banks  and  deltas  of   large   rivers   and 
n. 

In  KuTopf  the  disease  prevails  in  the  lowlands    about  the  coast  of 

I   Sicily,   Greece,   Corsica,  and    Sardinia,   and  along  many  of    the 

IfTeTS,  such  as  the  Tiber  and  Po.     Malaria  is  also  met  with  about  the 

ist  of  Spaiii,  Portugal,  and  France.     In  the  interior  of  France  mild 

of  intermittent  fever  are  seen  in   Sologne,   Brenne,  Bresse,  and 

mbes,  although   cultivation   and   drainage  are   rapidly  improving  the 

mditions.     The  same  is  true  ()f  Belgium,  the  Baltic  coast  of  Prussia, 

Klesin,  and    the   plains  of   the   rivei's    Rhine,   Wescr,    Elbe,    Oder,   and 

Istalo.      In  Austria- Hungary  the  malady  is  common  in  Galicia,  along 

;  .Adriatic  coast  and  the  valley  of  the  Danube.     Malaria  prevails  in 

_    .      .         .  ■  [j^  gQ^^t|JgI.^  Russia,  especially 
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along  the  Volga,  about  the  borders  of  the  Black  and  Caspian  seas,  and 
in  the  Transcaucasns. 

In  Asia  malaria  is  widespread.  It  is  common  on  the  coasts  of  Asia 
Minor,  Persia,  and  Arabia,  in  Turkestan,  in  Cochin  China,  Tonkin, 
throughout  the  south-east  coast  of  China,  and  in  Formosa;  in  the 
lowlands  and  along  the  banks  of  the  great  rivers  in  India,  in  Ceylon, 
in  the  Malay  Peninsula,  throughout  the  East  Indies  and  in  the  Philip- 
pines.    In  Japan  the  disease  is  infrequent  and  mild. 

Amtralia  and  most  of  the  islands  of  Oceania  are  free  from  the  disease. 

In  many  parts  of  Africa  the  malarial  fevers  are  especially  prevalent 
In  the  North  they  are  observed  in  Egypt,  in  those  regions  which  are 
periodically  under  water,  in  the  lowlands  of  Abyssinia  and  Nubia,  in 
Algeria,  especially  on  the  coast  and  about  the  rivers,  as  well  as  on  the 
coast  of  Tripoli  and  in  parts  of  Tunis.  About  the  coast  of  tropical 
Africa,  on  the  neighlx)uring  islands  and  along  the  rivers,  the  most 
virulent  forms  of  the  disease  are  met  with,  especially  upon  the  West 
coast  from  Senegal  to  Congo.   • 

In  North  Aniaica  malaria  is  observed  along  the  eastern  coast  from 
New  England  to  Florida.  North  of  Maryland,  however,  the  severer 
forms  are  rare.  Mild  intermittent  fever  is  also  met  with  in  some  low 
regions  about  the  great  lakes  in  the  United  States  and  in  Canada.  The 
disease  is  common  in  the  valleys  of  the  Mississippi  and  its  tributaries. 
It  occurs  with  great  intensity  in  the  lower  Mississippi  valley,  especially 
in  the  delta  and  along  the  coast  and  the  banks  of  the  rivers  of  Louisiana 
and  Texas.  Mild  forms  of  malaria  prevail  in  the  valleys  and  along  the 
rivers  of  the  Pacific  coast.  In  the  lowlands  of  Mexico  and  in  Central 
Amerira  the  severest  forms  of  the  disease  are  seen.  The  deadly  Chagres 
fever  of  Panama  is  a  form  of  aestivo-autumnal  malaria.  In  the  Antilles 
malaria  occurs  more  or  less  extensively.  In  South  Amunica  it  is  frequent 
about  the  coast,  notibly  in  Giu'ana,  but  also  in  the  northern  part  of 
Brazil,  in  Bolivia,  Paraguay,  and  Uruguay.  In  the  Argentine  Republic 
malaria  is  rare. 

Inflwivr  of  CJimnte  owl  Seasnii. — The  climatic  conditions  under  which 
malaria  flourishes  are  those  favourable  to  the  development  and  activity  of 
Anophelime,  i.f.  heat  and  nioistiu'C.  In  tenij)erate  climates  the  disease 
appears  only  during  the  warm  season  of  the  year  ^ ;  while  in  the  tropics, 
although  occurring  through  much  longer  periods  of  time,  it  prevails 
especially  in  the  wet  season.  In  Rome  the  epidomic  occurs  in  the  latter 
six  months  of  the  year,  the  disease  being  most  frecjiient  in  August  and 
September.     In  Baltimore  our   figures  agree  closely  with  those  of   the 

'  What  is  known  of  the  conditions  under  \vhi«.h  tlie  parasites  dcvrloj)  in  the  stomach- 
wall  of  the  nnvstjuito  clearly  explains  this.  The  oDcy.sts  j^tow  ln'st  at  tfniperatnres  of  from 
20''-30'  C  Tliey  are  killed  at  teniperatunrs  steadily  nudiT  IG  ('.  TIk*  infected  mosquito 
may,  however,  be  exposed  for  short  perio<ls  to  teni}terattires  (on.siderahly  lower  than 
this — as  h)w  even,  as  from  10"  to  IS**  C.  for  an  honr — without  ctmiplett^  d'struction  of  the 
organisms,  provided  the  subsequent  conditions  are  favourahh-.  It  tlur  ti-nipt-rature  be  under 
16'  C-.  the  (Wicysts  are  destroye<l  (Jancso).  Anophelina?  may  l»ite  at  a  season  considerably 
earlier  or  later  than  that  which  is  suitable  for  completion  or  the  develoj>ment  of  the  ocicysU 
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aliaii  observers,  although  the  largest  number  of  cases  appears  in 
eptember  and  October. 

Season  has  also  an  influence  upon  the  type  of  malaria.  Although 
1  forms  of  the  disease  are  more  frequent  at  the  height  of  the  malarial 
!ason,  yet  during  the  months  of  September  and  October  the  majority  of 
le  cases  in  Baltimore  are  infections  with  the  sestivo-autumnal  parasite, 
hich,  before  the  month  of  July,  are  extremely  rare,  the  enormous 
tajority  of  cases  in  the  spring  and  earl}'  summer  being  due  to  the 
^rtian  organism. 

The  following  table  illustrates  the  seasonal  variations  in  the  prevalence 
I  the  individual  types  of  malarial  fever : 


Jan. 
12 

Feb. 



12 

Mar. 

28 

Apr. 
51 

May. 
i  76 

•J  un. 
68 

July. 

Atijf. 

Kept. 

Oct. 

Nov. 

17 

ToUl. 

ill 

131 

161 

153 

1 
!  168 

54 

931 

tan 

3 

1 

0 

1 

:    0 

0 

3 

0 

0 

*• 

1 

'    1  1 

4 

i     2 

17 

vo-autumna] 

5 

1     1 

2 

5 

2 

3 

37 

99 

191 

203     ' 

1 

63 

22 

633 

brined    . 

0 
20 

1 

ir» 

1 
31 

0 
57 

'     0 

78 

1 
72 

3 

3 

4 

1 

11 

1 

6 

0 
43 

32 

i 

174 

263 

350 

383 

127 

1613 

As  the  preceding  table  shews,  the  malarial  epidemic  in  temperate 

"ttiates  disappears  soon  after   the  onset  of   cold  weather  and  frosts. 

fost  cases  of  the  disease  occurring  in  the  first  half  year  are  relapses. 

'^e  rare  instances  of  apparently  primary  malaria  o])served  in  the  spring 

'^   in  great  part,  probably,  examples  of  a  prolonged  period  of  incubation, 

^^ses  in  which  the  symptoms  of  the  primary  attack  were  so  slight  as 

^)e  overlooked.     In  Baltimore,  as  in  Kome,  the  epidemic  of  infections 

^1  the  tertian  pai-asite  begins  in  the  early  summer.     The  epidemic  of 

^^ctions  with   the   ajstivo-autumnal   parasite   is,   properly  speaking,  an 

'^ivo-autumnal  phenomenon.     The  few  instances  of  infection  witli  the 

^^^tan  parasite  occur  in  the  autumn. 

The  valuiible  observations  accumulated  by  the  Italian  Society  for  the 

^^dy  of  Malaiia  have  demonstrated  that  the  epidemic  of  primary  attacks 

^Imost  invariably  preceded,  for  a  greater  or  less  period  of  time,  by  the 

^^^emic  of  relat)ses — just  as  might  be  expected  from   what  we  know 

the  manner  of  infection. 

Influence  of  Moisture. — Moisture  j)lays  a  very  important  part  in  the 
^^valence  of  malaria.  The  most  malarious  regions  are  low  and  marshy, 
''^liated  about  rivers  or  lakes.  In  the  tropics  the  rainy  season  and  the 
^liod  immediately  succeeding  it  are  especially  dangerous.  Moisture  is 
'^^cessary  for  the  development  of  tlie  eggs  and  larva*  of  Anophelinie. 

Soil. — The  most  dangerous  localities  arc  those  with  an  impervious 
subsoil,   where   pools   and    collections    of  standing  water   are    common. 
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Swampy  districts,  where  the  surface  of  the  ground  is  covered  for  a  part 
of  the  time  by  water,  are  especially  favourable  for  the  development  of 
Anophelinjc  and  malaria.  For  many  years  it  has  been  known  that  proper 
drainage  and  canalisation  of  such  areas  are  followed  by  great  imp^ov^ 
nient  in  the  hygienic  conditions  with  regard  to  the  malarial  fevers. 
Lutz  has  shewn  that  in  some  wooded  and  mountainous  regions,  where 
there  is  no  standing  water,  larvae  of  Anophelinaj  may  develop  in  greit 
numbers  in  fluid  collected  and  secreted  between  the  leaves  and  in  the 
folds  of  certfiin  plants.  Epidemics  of  malaria  may  break  out  in  such 
localities. 

AUiUule. — Malaria  is  rare  at  high  altitudes.  The  disease  has,  how- 
ever, been  observed  in  Italy,  and  in  South  America  at  elevations  of  nearly 
10,000  feet.  Consideration,  however,  of  our  knowledge  of  the  habits 
of  AnophclinoB,  would  lead  to  the  anticipation  that,  with  suitable  telluric 
and  climatic  conditions,  altitude  per  sc  would  play  but  a  small  part.  The 
reported  existence  of  malaria  in  localities  which,  from  general  geographical 
conditions,  might  be  expected  to  be  free  from  the  disea.se  should  alwajs  ' 
bo  carefully  investigated,  for  relapses  may  occur  in  any  climate  and 
under  a  great  variety  of  conditions.^ 

Drinliiig-JFater. — The  popular  idea  that  malarial  fever  depends  often 
upon  the  character  of  the  drinking-water  is  based  largely  on  errors  in 
diagnosis.  Investigation  usually  proves  that  the  condition  regarded  a* 
malarial  is  in  reality  enteric  fever.  There  is  no  evidence  that  the 
character  of  the  drinking-water  has  any  influence  whatever  upon  the 
development  of  malaria. 

IitfiwnrA'  of  the   Time  of  Daij  on  the  L'mhility  to  Infection. — It  has  Ion 
been  known  that  the  dangers  of  malarial  infection  are  greater  during  th 
evening  and  at  night  than  by  day.     Anophelina3  are  for  the  most  part. — 
night-biting  mosquitoes. 

Influence  of  A(je  and  Sex. — Children  and  infants  are  more  susceptiU 
to  malarial  infection  than  adults.  This  is,  probably,  in  part,  because  their" 
thin  and  delicate  skin  renders  them  peculiarly  subject  to  mosquito  bites. 
Some  years  ago  I  was  told  of  a  young  woman  who  always  slept  with  her 
baby  sister  in  order  to  escape  the  mosquitoes  which  usually  attacked 
tlie  infant  by  preference.  Koch,  who  first  pointed  out  the  frequency  of 
malarial  infections  in  the  early  years  of  life  among  the  natives  of  the 
tropics,  regards  the  prevalence  of  the  disease  among  the  children  of  • 
i'iven  localitv  as  an  index  of  the  extent  to  which  malaria  exists  in  that 
region.  A])art  from  this,  age  and  sex  have,  apparently,  no  bearing  upon 
the  prevalence  of  the  disease  except  in  so  far  as  they  aflbct  the  liability 
of  the  individual  to  exposure. 

Piarr, — In  general  the  dark-skinned  races,  who  have  for  generations 
inhabited  malarious  regions  in  the  tropics,  appear  to  possess  a  relative 
inimunit y  to  the  disease.      This  may,  however,  be  in  part  acquired  as  a 

'  I  liave  mcntioiu'ii  t'lsewlicre  ( 1 1 )  an  instance' of  a  relapse  of  tertian  fever  occnrrioS 
durin;^'  a  wiilkincr  trij>  in  a  most  liealthy  region  c^f  the  Aljis,  nearly  eighteen  months  tS^ 
tlie  last  jiaroxysTu. 
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res\»  It  i)f  the  frequent  infettions  in  youth ;  Koch's  observations  in  Africa, 
»*  ^vell  as  those  of  the  Italian  school,  support  this  int*rpretation.  On 
■''^  other  liand,  it  is  uiidonhtedly  true  that  in  the  Unitetl  States  the 
negT-oes  who  have  inhabited  the  country  for  many  generations,  living 
un«i«r  conditions  not  essentially  fliH'erent  from  those  iif  the  neighbouring 
"'^  i  tes,  are  much  less  liable  to  malarial  infection.  Our  observations  in 
Baltimore  shew  that  the  susceptibility  of  the  negro  is  only  about  a  third 
[h=a.fc  of  the  whit«.  It  may  be  that  the  thick  skin  of  the  African  renders 
hivKK  somewhat  less  susceptible  to  the  bites  of  mosquitoes. 

OrcuiKitJim. — The  inHueiiue  of  occupation  oti  the  frei|uency  of  malaria 
(le  j>«iids  wholly  upon  whether  the  individual  is  obliged  to  expose  himself 
10  i  iifectioD  during  dangerous  seasons  of  the  year  and  at  dangerous  times 
of  the  day.  In  the  rice  fields  of  the  southei'ri  states  of  America,  the 
dis5«;ii9e  prevails  among  those  who  are  obliged  to  spend  their  evenings  and 
ni^^ltU  on  the  plantation,  while  it  is  rare  among  mcmliers  of  the  same 
!ai»»ily  who  pass  their  time,  during  the  dangerous  seasons  of  the  year,  in 
ih^  sandy  "pine  lands"  oft«n  hut  a  few  mites  distant  Those  who  live 
II'  Avcll-scrcened  houses  are  in  little  danger,  while  individuals  sleeping  in 
huts  or  iinscreoned  dwoUinga  are  especially  prone  to  infection. 

IjiAtitnee  i<j  Pojmkition  and  Stttltmtiits  on  the  PiTPaUiw^  of  Malaria. — 
'-  riinltabited  regions,  although  infested  by  Anophelinie  are  free  from 
'''»-»»ger.  Infected  mosquitoes  occur  only  in  the  immediate  neighbourhood 
"^  settlements  of  infected  individuals.  It  has  often  been  observed  that 
ibe  members  of  exploring  expeditions  have  been  free  from  the  disease  as 
liinjE  as  they  have  been  in  regions  remote  from  native  or  white 
*ttieiiieiil*. 

'.y/«  o/Severily. — Kemarkable  and  hitherto  inexplicable  variations  in 
">**  prevalence  of  malaria  in  districts  in  which  it  is  endemic  have  long 
ween  recogniscti,  In  some  regions  the  disease  may,  indeed,  almost  or 
"^tirely  subside,  to  appear  again  after  a  period  of  years. 

Coiufrntl<il  malnrui. — The  possibility  of  the  transmission  of  the  parasite 

"•^iiigh  the  placental  circulation  has,  for  years,  been  a  disputed  point. 

■  *M  generally  accepted  by  the  older  observers,  and  such  a  case  at  that 

I>uchek,  in  which  a  child  born  of  a  malarious  mother  and  dying  three 

"*'1W  after  birth,  shewed  a  large  pigmented  spleen  together  with  pigment 

*  the  i»rtal  vein,  ia  most  suggestii'e.     Since  the  discoveiy  of  the  parasite 

^  presence  of  organisms  in  the  hloml  of  the  new-born  child  has  been 

'n  several  instances,  notably  those  of  fiein,  Bonzian,  and  Peters, 

^tin  all  of  these  cases  a  sufficient  length  of  time  bad  elapsed  since  birth 

allow  of  a   fresh  infection.     On  the  other  hand,   in  a   numher  of 

rded  cases,  the  blood  of  infants  born  of  malarious  mothers,  as  well  as 

■*«  placental  blood,  has  been  examined  by  observers  who  have  made  a 

"    anl    stuily    of    this   disease    (Bignamt,    Bastianelli,    Caccini,   Thayer, 

^faaudinnt.      In   none  of  these  was  there  evidence  of  infection  of  the 

"*«>ild,  although  parasites  were  found  in  the  peripheral  blood  of  the  parent 

**iil  once  in  the  maternal  placenta.     Hitte  described  malarial  parasites  in 

*he   blood    of    the  umbilicid  curd  in    two    cases ;  the    article,   however. 
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seems   to  me  unconvincing.      The  transmission  of  malaria  from  parent 
to  offspring  is,  at  all  events,  a  rare  occurrence. 

Immunity. — There  is  evidence  of  the  existence  of  a  certain  ilegree 
of  immunity,  both  natural  and  acquired,  against  the  disease.  The 
existence  of  a  natural  immunity  is  suggested ;  (1)  by  the  relative 
insusceptibility  of  some  dark  races ;  (2)  by  the  exemption  from  disease 
of  certain  individuals  who  live  in  most  malarious  districts  and  are 
constantly  exposed  to  infection  ;  (3)  by  the  insusceptibility  of  occasioMl 
subjects  to  experimental  inoculation  of  malarial  blood.  Generally 
speaking,  one  attack  of  malaria  does  not  protect  against  subsequent 
infections ;  there  is,  however,  some  reason  to  believe  that  severe  and 
repeated  attacks  do,  in  some  instances,  result  in  a  partial  or  complete 
immunity  of  doubtful  duration.  Cases  of  this  sort  have  been  described 
by  Celli,  and  can  be  observed  in  all  severely  malarious  districts,  while 
Koch,  as  has  been  said,  regards  the  relative  immiuiity  of  the  dark- 
skinned  races  as  largely  due  to  the  great  frecjuency  of  infections  during 
childhood.  The  remarkable  waves  of  intensity  of  malarial  epidemics  in 
localities  in  which  the  disease  is  endemic,  may,  as  Celli  suggests,  be  due 
to  the  periodical  development  and  exhaustion  of  a  certain  degree  of 
immunity  among  the  population. 

Pathological  Anatomy. — Death  so  rarely  occurs  in  the  milder  forme 
of  acute  malaria  that  descriptions  of  the  pathological  changes  art;  baied 
almost  entirely  upon  appearances  observed  in  cases  of  pernicious  fevtf 
of  the  aistivo-auturanal  type.  The  most  striking  point  in  the  appearance 
of  all  the  organs  is  the  general  slaty -grey  colour,  due  to  the  accumulation 
of  pigment  produced  by  the  parasites.  This  pigmentation  is  more 
extensive  in  older  infections,  and  may  vary  considerably  in  its  localin- 
tion  as  is  true  also  of  the  parasites  themselves.  This  is  in  part  because 
much  of  the  pi<^mont  is  contained  within  parasites,  the  irregular  difr 
tribution  of  wliieh  in  the  internal  organs  is  one  of  the  most  romarkabk 
features  of  malarial  infections.  While  found  to  a  greater  or  less  extent 
in  the  general  circulation,  the  parasites  are  nearly  always  present  in 
special  abundance  in  certain  organs,  notably  the  spleen  and  bone-marroir. 
In  many  pernicious  cases,  however,  individual  organs  may  be  the  seat 
of  a  p;i<:uliarly  intense  infection,  and  tliis  special  localisation  of  the 
infection  may  and  often  does  result,  not  only  in  grave  local  disturbance* 
of  function,  but  also  in  definite  anatomical  changes  in  the  affected  organ. 
Ca-os  in  which  individual  organs  are  thus,  as  it  were,  picked  out  often 
present  distinetive  clinical  phenomena,  traceable  to  the  disturbances  of 
function  of  the  affected  part;  these  sj)ecial  symptoms  may  dominate 
the  clinitral  picture. 

In  mild  cases  the  }>raiii  shews  few  changes.  The  grey  cortex  is  a» 
a  rule  of  a  deepened,  somewhat  chocolate  colour  which  may  lie  strikingi 
Aieas  of  punctiform  liaMuorrhages  may  be  found.  In  severe  cases  the 
ea[)illaii(\>?  are  crowdt-d  with  pigment-bearing  cells  and  parasitifcroiu 
eor])uscles,  so  nnieh  so,  indeed,  as  to  form  a  complete  injection.  Tho 
endothelium    of    the   capillaries    is    swollen   and    phagocytic,   containing 


pArasiuw,  pigment,  and  often  degenerated  and  infected  red  corpuscles. 
Thromlxisis  with  these  elements— the  scK^alled  "  pigmcnl-thromboaes  " — 
with  resultant  hemorrhage  may  occur.  These  hscmorrhages,  usually  of 
fucnl  distribution,  may  be  sufficiently  extensive  not  only  to  cause  acute 
luituifestations,  but  to  result  in  secondary  wleiotic  chnnges  (Spiller). 
.Monti  and  Ewing  have  described  degenerative  changes  in  conical 
^ig lion-cells,  changes  due.  doubtless,  in  part  to  circulatory  disturbances 
although,  according  to  the  latter  observer,  "the  comi«rative  uniformity 
i  the  lesions  noted  indicates  that  a  general  toxsmia  is,  even  in  cerebral 
ws,  the  more  important  causal  element." 

The  thorade  organs  shew,  as  a  rule,  little  that  is  characteristic  beyoml 
6  occurrence  of  pigment-l>earing  phagocytes  in  the  capillaries.  In  a 
>p  in  which  cardiac  faihue  was  a  striking  feature,  Ewiug  found  large 
mmbers  of  young  par»tsit«B  and  pigmented  cells  completely  filling 
iBti--iidcd  capillaries  throughout  the  heart^wall.  Similar  obserratioiis 
Ifcve  Ixien  made  by  Benvcriuti. 

The  tpleea  is  enlarged,  and  in  acute  cases,  us  in  one  studied  by  Barker, 
ttt  and  almost  difUueiit  It  is  usually  of  a  dark  cyanotic  colour  due 
t  pigment,  and,  in  old  cases,  may  be  almost  black.  The  enlargement 
Ntr  he  so  great  as  to  result  in  rupture,  cither  spontaneous  or  after  slight 
ijuries ;  thus,  I  know  of  an  instance  of  rupture  following  a<ipiration  for 
The  pulp  is  crowded  with  red  bloo*i-corpuseles  containing 
r  -aail«s  which  are  usually  in  the  later  stages  of  development — bodies 
fith  central  pig;ment  clumps  or  blocks  and  segmenting  bodies.  Younger 
ma  are  relatively  uncommon.  There  arc  great  numbere  of  phagocytes, 
_  lally  mononuclear  elements,  some  of  which  are  about  the  size  of  the 
mononucloar  leucocyte  of  the  blood,  some  macrophages  laden  with 
]iigment,  parasites,  infected  or  degenerated  red  blood -corpuscles,  and, 
»>>metime8,  smaller  phagocytes.  Focal  necroses  of  the  pulp  are  not 
uncommon.  Chronic  or  freijuently  repeated  infections  result  in  more 
(ir  leas  characteristic  changes  in  the  spleen  which  may  become  greatly 
enlarged.  On  section,  the  surface  is  of  a  somewhat  slaty  colour:  the 
irabocnl.'B  are  very  prominent ;  the  reticulum,  vascular  sheaths,  and 
soptM  are  thickened,  while  single  or  multiple  lymphiitic  cysts  may  arise. 
The  gnulual  evolution  of  these  changes  has  been  minutely  described 
l>y  Bignami.  Amyloid  change  has  been  observed  jtftcr  long  and  chronic 
infe<;tion8. 

The  lUvr  is  usually  enlarged  and  of  a  dark  brown,  or,  if  the  infection 
l>e  Bctere,  of  a  slaty-grey  colour.  There  is  always  marked  cloudy  swel- 
ling. The  capillaries  are  dilated,  and  contain  numerous  tiigmeut-l tearing 
phagocytes,  large  macrophages  being  commonly  present.  The  endothelium 
cif  the  capillaries  is  often  phagocytic.  The  number  of  parasites  and 
phagocytes  in  the  liver  varies  greatly  In  difTerent  cases  and  in  different 
part*  of  the  onran.  although,  as  a  nde,  the  vessels  contain  few  intra- 
rorfiuscidar  para^tes.  Pigment-bearing  cells  are  often  found  in  the  peri- 
TSscuUr  tissue  of  the  portal  spaces,  while  the  liver-cells  themselves  may 
contain  pigment  and  altered  red  blood-corpuscles.     Disseminated  areas  of 
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focal  necrosis,  associated  vdi\\  capillary  thromboses,  may  occur  (Guarnieri, 
Barker) ;  the  necroses  may  be  so  large  as  to  be  recognisable  by  the  naked 
eye.  With  frequently  repeated  infections  the  liver  may  undergo  changes 
resulting  in  enlargement  \\'ith  the  development  of  more  or  less  well- 
marked  perilobular  fibrosis,  which  has,  however,  little  tendency  to  con- 
tract ;  there  is  considerable  irregularity  in  the  size  of  the  lobules,  and 
more  or  less  capillary  dilaUition.  As  in  the  case  of  the  spleen,  these  pro- 
gressive changes  have  been  ably  descril)ed  by  Bignami.  Amyloid  change 
may  occur  after  long-continued  and  repeated  infections.  There  is  no 
satisfactory  anatomical  evidence  that  malaria  alone  is  a  cause  of  portal 
cirrhosis  of  the  liver. 

Kiihu'ifs, — The  renal  changes  in  malaria  are  usually  slight  as  compared 
with  those  in  the  liver  and  spleen.     The  kidneys  may  be  slightly  en- 
larged, the  cortex  rather  p<-de,  the  markings  a  little  indistinct.     There  i* 
usually  little  or  no  evidence  of  pigmentation.     Microscopically,  infected 
red  corpuscles  and  pigment-bearing  leucocytes  are  often  found  in  moderate 
numbers  in  the  glomeruli  and  intertubular  vessels.     In  some  instance! 
more  severe  changes  may  be  found — degeneration  and  exfoliation  of  tbc 
capsular  ei)ithelium  with  albuminous  exudates  into  the  glomenili  and  focal 
necroses  in  the  cortex,  especially  in  the  area  of  the  convoluted  tubulea. 
These  changes,  iis  may  be  readily  seen,  cannot  be  correlated  with  the 
insignifiwint  number  of  parasites  which  are    present,  and  are  probaMf 
dependent  upon  circulating  toxic  substances.     Ewing  ( 1 03)  has  described* 
remarkable  Ciise  of  fatal  acute  hremorrhagic  nephritis  in  sestivo-autumnal 
malaria.      In  this  insUince  the   cortex  was    remarkably  light  in  colour, 
while  the  medulla  and  papillie  were  extremely  dark  and  slightly  rusty. 
The  cortical  markings  were  completely  obscured,  and  there  was  wde- 
spread    degeneration    of    the    epithelium.      The    glomendi    contained  » 
moderate  niunber  of  pigmented  cells  and  a  few  parasites,  w^hile  the  caniie^ 
of   I]o\vnian't3  capsules  were  distended  by  a  granular  coagulum.     Most  of 
the    cortical    capillaries  were  quite  obstructed  by  the    pressure  of  tbff 
distended   tubules.      The  capillaries  in  the    medulla   and  papillae  vera 
crammed  with  infected  colls  and  parasites,  while  the  discharging  tubule* 
were  lilled  with  casts,  sometimes  entangling  infected  red  blood-corpusclw^ 
and  pigmented  leucocytes.     There  was  a  large  superficial  infarction  from 
occlusion   of   vessels  by   thrombi  of  infected    red    blood-corpuscles,  and. 
nunicious  miliary  luomorrhages  from  rupture  of  aipillaries  crowded  with 
i?ifect<Ml  globules.      In  this  inst^mce  the  lesions  produced  by  the  special 
localisation  of  the  j)arasites  in  the  kidney  dominated  the  clinical  picture, 
and  lnou^lit  about  the  death  of  the  patient.     The  grave  changes  occur 
ling    in   luiMiioglohiuinic    fever   are    discussed   elsewhere  {vide,  p.  296). 
Amyloid  change  has  been  described  in  very  chronic  infections. 

The  changes  in  the  f/nsfrihinft'sfinol  tnict  are  usually  insignificant  con- 
sisting of  a  slight  degree  of  melanosis.  In  other  cfises,  however,  the  main 
localisation  of  the  infection  appears  to  be  in  the  int^tine.  Here  there  is 
great  injection  of  the  mucosa  with  haemorrhages  and  superficial  necrosis 
and   ulceration.     The   vessels   are   loaded    with   infected  corpuscles  and 
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igment-bearing  cells,  with  resultant  thrombosis,  necrosis,  and  haemor- 
bage.  Such  cases  may  present  symptoms  like  cholera.  Amyloid  change 
las  been  observed  after  chronic  infections.  Pensuii  has  reported  a 
remarkable  case  of  chronic  malaria  with  amyloid  change  in  association 
Rrith  widespread  atrophy  of  the  intestinal  mucosa.  Inasmuch,  however. 
IS  the  case  is  unique,  its  dependence  upon  nialana  cannot  l)e  definitely 
userted. 

The  hone-nwrrow  is  often  extensively  pigmented.  The  small  vessels 
contain  great  numbers  of  parasitiferous  coq)uscles  and  numerous  macro- 
phages. After  frequently  repeated  infections  there  are  usually  signs  of 
active  hyperplasia,  the  marrow  of  the  long  bones  becoming  red  in  con- 
siderable areas.  The  degenerations  which  sometimes  occur  during  acute 
infections  may,  however,  result  in  considerable  injury  to  the  bloo<i- 
fonning  function.  A  megaloblastic  type  of  marrow,  associated  with 
changes  in  the  blood  characteristic  of  pernicious  ana'mia,  has  l>een 
described  by  Bignami  and  Ewing.  There  may  be  a  complete  lack  of 
^hyperplasia,  resulting  in  fatal  aplastic  anaemia. 

Supmretutls. — Barker  has  descril>ed  pronounced  changes  in  the  supra- 
[*nals,  i.e,  irregular  areas  of  vascular  dilatation  \vith  numerous  jwirasites 
^  the  distended  vessels.  Macrophages  may  be  present  in  varying 
'Umbers,  while  the  endothelium  of  the  capillaries,  as  well  as  the  true 
'"^nal  cells,  are  phagocytic.  The  other  organs  shew  little  that  is 
"^'^teristic. 

Clinical  Description. — The  malarial  fevers  fall  into  three  main  types, 
*^rding  to  the  species  of  parasite  causing  the  infection : — 

(1)  Tertian  f ever  (Plasmodium  nva;r), 

(2)  QiiarUin  ferer  {VlcLsmodium  rmdario!:). 

(.3)  .-Estiro-autuninal  fever  (Plasmodium  falcijjarum),^ 

The  first  two  varieties,  tertian  and  quartan,  are  sometimes  classed  as 

i^egnlarly  iniermUtent  feveis,  in  contradistinction  to  iestivo-autumnaJ  Jevrr, 

Hianifestations  of  which  are  considerably  more  variable. 

Our  knowledge  of  the  period  of  incuhaiion  in  malaria  is  based  upon 

l*esult8  of  experimental  inoculations  by  the  bites  of  infected  mosquitoes 

^5^«6i,  Bastianelli,  Bignami,  P.  T.  Manson,  Jancs(')),  and  on  the  observa- 

^  of  cases  developing  under  close  medical  supervision,  where  the  time 

iTioculation  could  be  determined  with  comparative  accuracy  (Mariotti- 

•^chi,  Jackson).     The  interval  between  the  time  of  invasion  and  tlie 

"ti  febrile  symptoms  varies  somewhat  .according  to  the  type  of  infection. 

quartan  fever  the  period  of  incubation  is  about  3  weeks  ;  in  tertian 

''^r  it  averages  about  14  days  ;  in  a\stivo-autinnnal  fever,  from  10  to  1  L* 

•ys.     But  the  period  of  incubation  may  l>e  much  prolonged.     Experi 

^ntal  inoculations  have  shewn  that  it  varies  inversely  as  the  number  of 

^^ites   introduced,    while    the    physical    condition,    race,    natural    or 

cquired  resistance,  and  general  surroundings  of  the  patient,  as  well  as 

'  The  malarial  parasites  are  described  on  p.  74.  In  the  nomenclature  of  tlie  Roynl 
'>llegie  of  Physicians  of  London  the  parasite  of  ii'stivo-juitinnnal  tVver  i>  descriln'l  a> 
vrfrania  inalaridf  Grasui. — FiDiTor. 
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the  virulence  of  the  parasite  itself,  must  obviously  play  a  part  iu  deter- 
mining the  rapidity  of  the  development  of  the  symptoms.  Celli  htf 
demonstrated  experimentally  an  incubation  period  of  47  days  in  quartan 
fever,  while  in  another  instance,  in  which  the  patient  was  treated  before 
inoculation  with  phenocoli,  the  interval  between  infection  and  the  onset 
of  symptoms  was  66  days.  A  possible  explanation  of  the  apparentlj 
prolonged  periods  of  incubation  in  some  cases  is  that,  after  spontaueons 
recovery  from  an  infection  the  symptoms  of  which  have  l)een  so  mild  as 
to  have  passed  unrecognised,  a  relapse  has  simulated  a  primary  attack. 

Symptoms — I.  TKurrAX  Fkver. — Infection  with  the  tertian  paw- 
site  is  the  commonest  form  of  malaria  in  temperate  climates.  The 
symptoms  vary  according  to  the  presence  of  one  or  more  groups  A 
organisms. 

(a)  SiiKjle  Tertian  Infcdions  {Tertian  Fever). — Infections  with  a  single 
group  of  tertian  parasites  are  characterised  by  intei*mittcnt  febnle 
paroxysms,  occurring  at  intervals  approximately  forty-eight  hours  apart, 
each  paroxysm  following  closely  upon  the  segmentation  of  the  infecting 
group  of  organisms,  rrmlromes  are  slight.  Two  or  perhaps  four  davs 
before  the  initial  attack  the  patient  may  complain  of  slight  indefinite 
symptoms — headache,  backache,  anorexia,  pains  in  the  limbs,  symptomt 
such  as  are  common  in  any  acute  infection,  though,  often,  the  first  seizure 
may  come,  as  it  were,  entirely  unheralded.  The  paroxysm  is  divided  into 
three  characteristic  stiiges — the  cM  sfar/Cf  the  hot  sfage^  and  the  defer 
^  escence  or  sweatimj  stafje. 

The  ndd  staije  is  immediately  preceded  by  indefinite  feelings  of  malaise, 
headache,  and  general   lassitude,   often  by  vertigo,   and  sometime^  by 
nausea  and  vomiting.     By  this  time  a  slight  rise  in  the  bodily  temperatwv' 
has  already  set  in.     Chilly  sensiitions,  at  first  interrupted  by  slight  flushes- 
of  boat,  soon  follow,  increasing  until  the  iwtient  falls  into  a  general  rigor. 
The  chill  mav  be  very  severe.     The  sufierer  shakes  from  head  to  foot, 
and   begs  for  coverings  and   hot  applications;    the   teeth  chatter;  tbe 
niovcnients  are  so  violent  that  the  lied  may  shake :  the  face  is  drawn  and 
]>inchod  ;  the  extremities  cold  and  shrunken  ;  the  skin  is  cool  and  often 
rather  cyanotic  ;    .sometimes  })ale  and  moist.      The  pupils  are  usually 
(lilated  ;  the  pulse  small,   rapid,  and  of  rather  high  tension,  sometimes-^ 
irregular.     Xausea  and  vomiting  are  common  during  the  paroxysm,  and 
there  may  be  diarrhdu.     The  urine  is  increase<l  in  quantity.     There  i»— ^ 
severe    headache,  an<l   aching   }>:iin8  in  the  back  and  legs  ;    sometimes— 
vertigo  and   tinnitus  nmiuni.     The  duration  of  the  chill  varies  from  t«*n  — 
minutes  to  an  hour.      Not  infrcciuently  no  actual  shaking  may  occur,  tbe-* 
p.itieiit  complaining  only  of  chillines.s.     Occasionally  sensations  of  cold-— 
may  bo  entirely  absent.     Out  of  332  (rases  of  tertian  fever  occurring  **— ' 
the  .lohns  Hopkins   Hospital,  chills  or  chilly  sen sjitions  were  present itt— 
1»7-.*)  per  cent.      Ihuing  the  chill  the  temperature  rapidly  rises,  reaching^ 
its  maxinuini,  as  a  rule,  within  two  hours  after  the  onset  of  the  paro-xysm- 

With  the  subsidence  of  the  chill,  intermittent  flushes  of  heat  usher  it^- 
the  so  called  //"/  ,<tn[H'  of  the  j)aroxysm.     There  is  a  subjective  sensatic* 
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of  intense  heat ;    the  skin  is  flushed,   hot,  and  dry  ;    the   conjunctivie 

injected.     The  pulse  remains  rapid,  but  is  softer  and  not  infrequently 

dicrotic.     The  patient  complains  bitterly  of  headache,  vertigo,  pains  in 

the  back  and  extremities,  and  often  of  tinnitus  aurium ;  he  is  very  restless, 

»^nd  frequently  delirious,  tossing  about  and  throwing  aside  the  bed-clothes. 

^^ne  of  our  cases,  a  patient  with  tertian  fever,  sprang  out  of  the  window 

^it  his  delirium.     But  the  patient  may  be  dull  and  apathetic,  complaining 

^(  severe  headache  and  backache,  and  presenting  an  appearance  not  unlike 

^iafc  in  enteric  fever.     Somnolence,  and  even  coma,  though  very  rare  in 

^Ais  type  of  malaria,  may  occur.     There  is  intense  thirst.     There  may 

^  a  slight  cough,  while  nausea,  vomiting,  and  diarrhoea  are  common. 

-'l^i>clominal  pain,  sometimes  referred  to  the  region  of  the  spleen,  is  not 

Wrtiisual.    There  may  be  bleeding  from  the  nose.    In  children,  convulsions 

of    '\'arjing  severity   not  infrequently   take   the   place   of   the    malarial 

parxDxysm.      The    patient^s   appearance  is  characteristic ;    he  is  usually 

fliisfc^,  the  conjunctivae  suffused  and  injected,  the  tongue  dry  and  coated. 

Tli^  sallow,  earthy  hue  of  the  skin,  associated  with  a  slight  yellowish  tint, 

is     »*€raarkably  characteristic  of  the  disease.     If   many  paroxysms  have 

oco  birred  there  is  usually  a  slight  anaemia.     Herpes  about  the  lips  and 

nos^  is  common.    There  is  often  slight  bronchitis.    The  spleen  is  enlarged 

^i^<\    usually  palpable ;  soft  in  early  cases ;  harder  in  those  of  long  dura- 

tior\  ;   after  repeated  attacks  it  may  attain  a  considerable  size,  extend- 

"*S    to  or  even  below  the  umbilicus.     Splenic  enlargement  is  especially 

"<^t.«tble  in  children.     Erythema  or  urticaria,  sometimes  of  a  remarkable 

'^c>i-l»illiform  character,  not  infrequently  accompanies  the  paroxysm.     A 

P'^T^puric   rash    is    sometimes  observed.       Erythema  nodosum  has  been 

de^f^Pijj^j  (Moncorvo,  Riva-Rocci).     During  the  hot  stage  the  temperature 

re^xohes  its  maximum,  which  is  often  above  105°  F.     The  duration  of  this 

*^**^^e  is  usually  four  or  five  hours,  though  it  may  be  considerably  longer. 

The  onset  of  the  sweating  stage  brings  relief  from  the  sensation  of  heat. 

^^^o  sweiiting  soon  becomes   profuse,  and   sometimes  drenching.      The 

^*^*>^perature  falls  rapidly,  the  pulse  becoming  slow  and  regular,  while  the 

I^^ient  often  sinks  into  a  refreshing  sleep.    Within  a  few  hours,  rarely  more 

*^^  four,  the  temperature  falls  below  normal,  usually  remaining  sub- 

"^*"inal  dunng  the  greater  part  of  the  intermission.     The  length  of  the 

^^'^^ire  febrile  paroxysm  in  cases  of  single  tertian  malaria  averaged,  in  our 

^^*^^8,  about  eleven  hours.     These  paroxysms  are  more  freciuent  during 

r^^^   dav  than  at  night,  the  onset  occurring  generallv  in  the  late  morning 

During  the  greater  part  of  the  intermission,  which  lasts,  as  a  rule, 

^^*ly  thirty-seven  hours,  the  temperature  is  subnormal.     The  patient  feels 

^^^>arkably  well — often,  indeed,  the  effects  of  the  paroxysm  have  entirely 

^^^^ppeared — and  gets  up  and  goes  alK)ut  his  business,  believing  that  he  has 

'"*^<2:55vered.    But  almost  exactly  forty-eight  hours  from  the  onset  of  the  first 

V^t-oxysm  a  second  similar  attack  occurs,  and,  if  treatment  be  neglected, 

'^l^rile    periods    and     intermissions    alternate     with     great    regularity. 

^^Vthough,  as  is  well  known,  the  cycle  of  existence  of  the  tertian  i)arasite 


254  SYSTEM  OF  MEVICINE 


is  about  forty-eight  hours,  yet  the  periods  of  sporulation  often  occur  at 
intervals  slightly  shorter  or  longer  than  this  time.  In  such  instances  the 
rtjsultant  paroxysms  appear  at  intervals  somewhat  less  or  somewhat  more 
than  forty-eight  hours — so-called  "  anticipating '*  or  "  retarding  "  attack*. 
Uetardation  is  sometimes  observed  in  connexion  with  spontaneous  recovery 
or  aftor  talking  (quinine. 

Examination  of  the  hhad  reveals  the  presence  of  one  generation  of 
tertian  parasites.  The  first  intnicellular  forms  of  the  schizont  become 
evident  during  the  paroxysm.  These  are  extremely  delicate,  jttle, 
hyaline  discs  about  1'5-3/x  in  diameter.  They  are  actively  amiBboid 
Soon  after  the  beginning  of  development  fine,  brownish  pigment-granules 
appear,  and  incrciise  in  number  with  the  growth  of  the  parasite.  On  the 
day  of  intermission  the  young  schizont  has,  at  rest,  a  diameter  of  more 
than  half  that  of  the  normal  red  blood-corpuscle.  But  the  organism  is 
rarely  at  rest ;  its  ama'boid  activity  throws  it  generally  into  irregular 
and  bizarre  shapes.  The  index  of  refraction  of  the  parasite  differs  so 
slightly  from  that  of  the  containing  corpuscle  that  the  outline  of  the 
body  is  often  barely  distinguishable,  while  the  pigment-gi-anules,  collecting 
as  they  do,  at  the  bulbous  extremities  of  several  pseudopodia,  give  the 
impression  at  first  glance  of  three  or  four  separate  parasites,  instead  of » 
single  irregularly -sha])ed  organism.  The  surrounding  corpuscle  at  thii 
stage  is  already  materially  larger  than  its  neighbours,  and  is,  moreover, 
less  decolouri.sed.  In  some  cases  the  decolourised  corpuscle  shews  a  number 
of  glistening  granules  which,  in  specimens  stained  by  liomanovskyi 
method,  take  a  deep  red  colour — the  so-called  Schiiffners  granules.  Ob 
the  day  of  the  piroxysm,  five  or  six  hours  before  its  onset,  the  parasitei 
ar<i  nearly  as  large  as  the  normal  red  corpuscle,  an«l  wholly  immobile; 
the  pigment  is  coarser,  darker,  and  less  active,  and  the  surrounding 
cor|)Uscle  wholly  decolourised  and  scarcely  discernible.  Shortly  after 
this.,  beginning  several  hours  before  the  paroxysm,  early  segmenting 
forms  are  seen.  The  pigment  collects  at  one  point  in  the  organism, 
which  assumes  a  somewhat  granular  appearance ;  glistening  tlota  repiv- 
sent  irig  the  chromatin  of  the  individual  segments  begin  to  api)ear,  awl 
finally  the  outlines  of  the  12-2 J:  separate  merozoites  become  distinct. 
Segmenting  lM.)die.s  may  be  seen  throughout  much  of  the  paroxysm. 
Large  vacuolating  and  fragmenting  bodies  are  also  common  at  this 
period.  After  several  paroxysms  the  large,  non- motile,  sphericaL 
g.i metes  with  artively  dancing  j)igment-granules  may  be  seen  in  varying 
numbers,  and  if  the  specimen  be  studied  for  over  ten  minutes,  flagellation 
of  mi<rogametocytes  may  be  observed  with  the  liberation  of  microgamet^. 

Till'  parasites  are  less  al)imdant  in  the  peripheral  circulation  during 
the  ])eriod  innn<Mliately  jn'oceding,  and  at  the  time  of  the  paroxysm,  than 
they  are  dnritig  the  i)eri«Mls  of  intermi.ssion,  because  the  mature  bodies 
ti'ud  to  accumulate  in  the  internal  <)rgans,  esj)ecially  in  the  spleen.  The 
ons<^t  of  a  j)art)xysm  may  be  j)redictcd  with  certainty  from  the  discovery 
of  segmenting  bodies  in  the  circulation.  During  the  pai^oxysms,  ami  t4) 
a  certain  extent  at  other  ])eriods  of  the  infection,  evidences  of  pbago- 
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cytbsis  may  be  found  in  the  presence  of  pigmeated  white  eleiuenls, 
wiTOetimeB  polymorphonucleur,  often  mononuclear  in  charatter,  containing 
pmnulc*  or  blocks  of  pigment  similar  to  those  seen  in  segmenting  foime. 
Oh  a  slide  of  fresh  blood  active  phagocytosis  may  he  observed  aX.  any 
cUge  of  <]evelopmcrit  of  the  parasite,  whenever  an  orgHnisra  breaks  ont 
ol  a  red  cell.  The  elements  taking  part  in  the  phagocytosis  observed  in 
th(!  fresh  fi[>ecimen  are  polymorphonuclear  leucocytes  ;  those  containing 
ibe  pigment  hlocks  are  usually  mononuclear  elements. 

Farther  examination  of  the  hlooil  reveals  a  slight  aniemia,  if  there 
hnve  been  several  paroxysms.  The  leucocytes  are  r«duced  in  numl>er, 
I  lie  (wrceiitage  of  polymorphonuclear  neutrophils  decreased,  that  of  the 
I  large  mononuclear  elements  augmented.  The  uriiie  in  tertian  fever 
I  ihewt  no  especially  characteristic  changes.  A  slight  trace  of  albumin  is 
I  often  [jreaent,  having  been  found  in  38'3  per  cent  of  344  eases, 

<i)  I)imbU  Tertian  Infutimis  {Qiuitidtiin  Ffcn). — Infections  with   two 
■  jToupi  of  tertian  parasites  are  commoner  than  single  tertian  infections. 
Tin  th(»c  instances  segmentation  of  a  generation  of  patitsitos  occurs  daily, 
I  iwulting  in  quotidian  intermittent  fever.     Though  the  time  of  aegmenta- 
rtloa  of  tlie  groups  of  parasites  reaching  maturity  on  successive  days  is 
I  often  nearly  the  same,  yet  an  analysis  of  the  temperature  chart  usually 
■  wiews  a  definite  relation  between  the  hours  of  onset  and  the  character  of 
the  paroxysms  occurring  every  other  day.     The  symptoms  differ  in  no 
essential  from  those  in  single  tertian   infections.     The  jiiiroxysms  are, 
liowever,  somewhat  shorter,   lasting    on    an  average   between    ten   and 
Eleven  hours.     The  dependence  of  the  symptoms  upon   Iwo  groups  of 
I*^raait«8  may  sometimes  be  demonstrated  by  the  administration  of  a 
~"»all  dose  of  quinine   at  about   the  time  of  a  paroxysm.      The  drug, 
"^Xerciging  its  most  active  influence  upon  the  extracellular  organisms, 
^S^enting  bodies,  and  free  merozoites,  may,  if  admini8t«red  at  this  time, 
'y  destroying  the  segmenting  group  of  parasites,   change   the  type  of 
^^^f  from  quotidian  to  tertian.     Examination  of  the  bloixl  shews  two 
^"^•'Iw  of   t«rtian   organisms  at  different  stages  of  development  corre- 
sponding l4>  the  time  of  onset  of  the  paroxysms.     Thus,  at  the  time  of  a 
''^'^Xysm.    while   one  group   is   represented   by    full-grown   parasites, 
Slienting  forms  and  fresh  hyaline  bodies,  the  second   generation,   is 
I*rea^„j  j,,  ^jj^  shape  of    half-giflwn,  pigmented,  amteboid,  intracellular 
'■'emenla- 

(c)  MiUipk  Tfiiiaa  Infeclit>n-i  (iTmnUar  Bemittrnt  Ferrr). — Occasionally 
^  ^tioiis  with  multiple  gioups  of  tertian  parasites  may  occur.  In  such 
^**ea  the  paroxysms,  Iwcoming  aubintrant,  result  in  apparently  irregular 
1,^'ttent  fever.  The  diagnosis  may  be  made  by  examination  of  the 
I  "^^1-  Occasionally  in  severe  multiple  infectious  but  few  parasites  are 
'»fe  found  in  the  peripheral  circulation,  the  greater  part  of  the  develop 
»i  1*^  P*""!!  *">  ™  ^^^  internal  organs.  Such  cases,  however,  are  unusual 
^  vxcejAional. 

2.    Quartan    Fevkk. — Infections    with    the    quartan    parasite    are 
'*Om  everywhere  i-a,vvr  than  tertian  Tnalaria.      In  sumo  localities  they 
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are  not  observed.  In  Italy  there  are  certain  regions  where  quartan  fevtr 
is  especially  frequent.  In  Baltimore,  out  of  1613  cases  of  malaria,  there 
were  but  17  instances  of  quartiui  infection. 

(a)  Shujle  Quartan  Infections  (Qiuutun  Fever). — In  infections  with  a 
single  group  of  quartan  parasites  the  paroxysms,  corresponding  with  the 
segmentation  of  parasites,  occur  with  great  regularity   at  intervals  of 
approximately  seventy-two  hours.     The  paroxysms  differ  in  no  way  from 
those  of  tertian  fever,  the  periods  of  intermission — associated  likewise 
with  subnormal  tem[>erature — are,  however,  twenty-four  hours  longer. 
Slight  anticipation  or  retardation  may  occur  as  in  tertian  fever.     The 
diagnosis  is  readily  niiide  by  the  examination  of  the  bl(f<xl,  which  shews 
a  single  group  of  quartan  parasites.      Fresh  young  schizonts   bt^gin  to 
appear    in    the   red    blood -corpuscles,   as    in   tertian    fever,   during  the 
paroxysm.     A  few  hours  later  pigment-granules  appear  at  the  periphery 
of  the  parasite,  the  amceboid  movements  of  which  are  much  less  active 
than  in  the  tertian  organisms.     On  the  second  day  the  schizont  is  some- 
what larger,  very  slightly  amoeboid,  the  pigment  lying  at  the  periphen*. 
The  oiganism  is  at  this  stage  easily  distinguishable  from  the  Flasfnodium 
rint.r  by  its  relative  lack  of  amoeboid  activity,  its  greater  refractiveness, 
and   the   slight  motility  and   peripheral   arrangement  of    the    pigment- 
granules.     The  surrounding  red  corpuscle  is  often  rather  smaller  than 
its  neighl)ours  ;  it  may  already  be  of  a  somewhat  deeper  colour.     On  the 
third  tlay  tlh»,  parasite  is  a  little  larger,  and  often  of  a  somewhat  ovoid 
shape ;  it  is  quite  motionless.     The  pigment  is  coarse  and  peripherallr 
arranged.      The  infected   corpuscle   is   represented    by  a  small  rim  of 
rather  greenish  or  brassy -colon  red   refractive   protoplasm.      The  whole 
body  is  smaller  than  the  normal  red  blood-corpuscle.     On  the  day  of  the 
])aroxysni,  sometimes  as  much  as  eight  to  tjn   hours  before  its  onset, 
evidences  of  segmentation  are  observable.     The  small  rim  of  surrounding 
corpuscle  is  barely  visible,  while  the  pigment  begins  to  collect  towards 
the  centre  of  the  parasite,  flowing  in  in  radiating  lines.     This  is  rapidly 
followed  by  the  development  of  the  characteristic  regular  segmenting 
bodies  witli  six  to  twelve  merozoites.     Large  vacuolating  and  fragmenting 
forms,  as  well  as  evidence  of  phagocytosis,  are  especially  common  at  this 
period,   as  in   tertian   fever.      Large  pigmented,  sexually -mature  fomtf 
(gametes)  and   flagellate  brnlies  may  l>e  observed  at  any  time  in  older 
ir)f(M  ti(His.      (lanietes   are,    however,  less  frequent  in   quartan  than  io 
tertian  fever.     Segmenting  bodies  begin  to  appear  eight  or  ten  houi* 
before  the  onset  of  the  paroxysm.     The  (Quartan  parasites,  occurring  ^th 
nmch  j:;ieater  relative  frequency  in  the  peripheral  circulation  than  either 
of  the  utlun*  species  of  malarial  organism,  are  to  be  found  in  the  fresH. 
specimen    of    blood   in   even   very   mild   infections.      The   discovery  •->* 
segmenting  organisms  in  the  peripheral  circulation  in  tertian  fever  is  ■ 
alino.st  certain  in<Iication  of  an  impending  paroxysm.     In  quartan  fevc 
however,  all  sUiges  of  the  organism  may  be  studied  in  the  blood  in  "■ 
fectioiis  so  mild  as  to  be  wholly  free  from  fever. 

(/')  Ihmhlr  Quartan  Infections. — In  infections  with  two  groups  of  "^ 
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^:^^  *_  por&sile,  paroxysms  occur  oh  two  successive  diiys,  followed  by  a 
'■"*^  -hj  ^*>tcrmission.  The  paroxysius  arc  in  every  wiij'  similar  to  those 
^^:^^^*3  in  single  qiiartiiri  infection.     The  diagnosis  is  easily  made  liy 

*       -?**lion  of  the  blood. 

C^-^    '     Ihple  Quarian  Inftdions  (Quotidian  Ftrer). — Triple  quartan  infec- 

^c"^.,^*'««ilt  in  qiiotidiiin  inlermittent  paroxysms,  which  nmy  resemble  in 

fc^  tjr_     ^"y   'loiihle    teiliftn   fever.      A    careful  study  of  the   chart  will 

■^^T*^Ily,  however,  reveal  a  similarity  bet.weeri  the  hours  of  onset  and 

»     -^^«Jt«r  of  thu  paroxyuns,  occurring  seventy-two  hours  apart,  sufficient 

fc*,^^^^ic»t43  ihc  nature  of  the  infection.    Examination  of  the  blood  reveals  the 

;X;^~**tice  of  three  groups  of  quartan  parasites.     Since,  ;is  mentioned  above, 

^^^^^*^n  orgiinisms  are  so  common  in  the  peripheral  circulation,  it  is  often 

:^^         Vme  ilmt  singla  or  double  quartan  fever  may  occur  in  a  patient  whose 

:^  ^*^  shews  thi-ee  distinct  groups  of  parasites,  only  one  or  two  of  which 

^*i  reached  a  degree  of  development  safiicient  to  cause  a  deGnite  febrile 

■Action.     The  nrine  in  quartan  fever  shews  no  characteristic  changes. 

ttace  ol"  albumin  is  often  present 

3.   --T-in-ivo- AUTUMNAL  Infections    {^flim-aviwmml   i'epcr).— The 

"^tivo-ttiitnmmU  fevers  prevail  in  the  tropics,  occurring  in  temperate 

***»i»t68  only  at  the  height  of  the  malarial  season.      Infections  with 


fi. 


t^mciium  Jakipartim    (L/iverania    malarir)  arc    especially    notable    for 

^"*3ir  tendency   toward   irregularity,  and   towarii   the   development  of 

■■•i»ttl*nt  or  subcontinuous    fever,  as  well   as   for  the  frecjiiency  with 

t  >  ich  "  pernicious  "  symptoms  appear.      The  continued  and  remittent 

■  tiiricter  of  the  fever  in  many  cases  depends  probably  on  the  arrangement 

'  ^   the  jianudtes  in  groups,  the  segmentation  of  which  extends  over  long 

■  "--riod«   of   rime,   resulting   in   paroxysms   of   longer  duration,  which, 

'  <~'  >in    their    special    tendency    to    anticipation    and    retardation,    often 

^'•icome  subintrant.     Again,  infections  with  multiple  groups  of  parasites 

"'"e    frpqiient.      In  roost  cases  definite  paroxysms  may  be  easily  traced 

*'P«*n  thn  carefully  kept  clinical  chart,  and  on  analysis  the  febrile  curve  ia 

'lore  or  less  regular.     Inasmuch  as  the  cycle  of  development  of  the 

''iUuuon  variety  of  fcstivo-autumnal  parasite  lasts  about  forty-eight  hours, 

'^•5  intermittent  fever  of  ipstivo-autiimnal  malaria  is  of  the  tertian  type 

~^a  fever  which  has  fairly  definite  cbaracterialics  {nmlifinant  lertum  ferrr). 

hi»  striking  feature  of  wstivo-autumual  fever  ia  the  great  length  of  the 

''^•^xysms,  which  are  often  of  over  twenty-four  hours'  duration,  diflering 

'"■^»«rially  from  those  of  the  regularly  intermittent  fevers.     The  onset 

"*^^' beabmpi,  but  is  frequently  gradual  and  insidious.     The  chill  was 

'':'*«nt  in  nearly  one-third  of  our  cases,  and,  when  present,  was  often 

*  "^rtive  or  delayed,  coming  on  only  after  the  paroxysm  was  well  under 

"^^y.    The  general  symptoms  are  usually  severe,  the  gravity  of  these 

eslloil  "dumb  chilla"  Iwiug  well  recognised  by   the   inhabitants  of 

^'^Inrioiis  districts.     There  is  severe  headache,  intense  aching  pains  in 

■Its  back  and   extremities,  often  vertigo  and  tinnitus  annum ;  nausea, 

'^iiiiting,  and  diarrhoea,  especially  in  children,  aro  frequent     Delirium, 

*nd  and  muttering,  or  in  some  pernicious  cases  violent  and  mauiacal, 
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is  common.  In  other  instances  the  dull,  drowsy,  apathetic  coDdition 
suggests  enteric  fever.  The  same  cutaneous  manifestations  may  be 
observed  liere,  as  in  the  regidar  intermittents.  During  the  fastigium  of 
the  paroxysm  there  may  be  considerable  oscillations  and  variations  in 
the  temperature  curve.  Marchiafava  and  Bignami  have  described  u 
characteristic  a  pseudo- critical  fall  in  temperature,  followed  by  a  pre- 
critical  rise  ;  this  we  have  often  seen.  The  defervescence  is  more  gradual, 
and  the  sweating  stage  less  distinctive  and  characteristic  than  in  tertian 
and  quartan  fever.  Paroxysms  may  occur  at  intervals  considerably 
greater  or  less  than  forty -eight  hours.  Thus,  I  have  observed  an  instance 
of  aestivo-autumucil  fever,  with  paroxysms  recurring  with  considerable 
regularity,  at  intervals  of  as  much  as  fifty -six  hours,  as  well  as  cases  with 
paroxysms  every  thirty-eight  hours.  The  pseudo-critical  depression  maj 
be  so  markeJ  as  to  give  rise  to  a  complete  intermission,  resulting  in  a 
complicated  clinical  picture.  Infectious  with  two  groups  of  parasites, 
causing  <[Uotidian  or  continued  fever,  are  very  common. 

Although,  like  many  others  who  have  worked  at  malaria,  I  have  been 
unable  to  distinguish  among  the  sestivo-autumnal  parasites  any  definite 
morphological  differences  justifying  a  division  into  distinct  varieties  or 
species,  it  must  bo  acknowledged  that  the  observations  of  Bigiuimi  and 
Bastianelli,  Mannabcrg,  Craig,  Caccini,  and  others,  appear  to  shew  that 
occasionally  cii^es  of  lestivo-autumnal  fever  occur  with  <iuotidian  paroxysms^ 
due  to  infection  with  a  single  group  of  parasites  whose  cycle  of  existence 
is  limited  to  approximately  twenty-four  hours.  The  paroxysms  differ 
from  those  already  described  only  in  being,  as  a  i-ule,  rather  shorter  than 
those  due  to  parasites  with  a  longer  cycle  of  development  Cases  of 
irregularity,  due  to  prolongation,  anticipition,  or  retardation  of  the 
paroxysms,  with  resultant  subcontinuous  or  remittent  fevers  are  common. 
The  av(iragc  length  of  the  aistivo-autumnal  paroxysm  in  our  cases  was 
between  twenty  and  twenty-one  hours. 

Irrfijular  Fcnrs. — Anticipation  or  retardation  of  the  paroxysms, 
excessive  oscillations  in  the  temperature  curve  during  the  febrile  perioJ, 
:is  well  as  highly  developed  pseudo-crises,  often  result  in  a  verj'  irregular 
temper.iture  curve.  Tlie  irregularity  may  be  so  great  that  careful  study 
of  the  chart  fails  to  reveal  the  fundamental  type  of  the  infection. 

UeniitUnit  or  Suhcontinnoua  Fcrcrs,-  -  As  a  result  of  prolongzition,  antici- 
jKition,  or  infection  with  multiple  groups  of  parasites,  the  paroxysms  not 
infrequently  become  subintrant,  with  conseipient  remittent  or  continued 
fever.  The  absence  of  the  chill,  the  dull,  drowsy,  typhoid  condition,  the 
muttering  delirium,  the  enlarged  spleen,  the  coated  tongue,  the  not  infre- 
<iuent  intestinal  sym])toms  may  closely  simulate  typhoid  fever.  Thi« 
type  of  fever  has  indeed  been  cidled  Suhcontinua  iyphoklea  (BacccUi^- 
Examination  of  the  /y//W,  in  lestivo-autumnal  fever,  reveals  infection  vitJ* 
PJasmoilium  fnlriparam  (Lnvernnia.  malaria:).  As  has  been  mentioned  eli^ 
where,  these  parasites  differ  from  those  of  tertian  and  quartan  fever  in 
that  a  greater  part  of  their  cycle  of  existence  is  passed  in  the  vessel* 
of  the  internal  organs,  the  younger  forms  alone  being  obsen'ed  in  th« 
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ipheral  circulation.  Towards  the  middle  and  latter  part  of  the  paroxysm 
immediately  afterwards,  small,  refractive,  ring-shaped,  and  amoeboid 
ies  are  to  be  found  which  gradually  develop  a  very  few,  extremely 
,  peripherally  arranged  pigment-granules.  The  ring-shaped  bodies 
often  contained  in  shrunken  or  cremated,  brassy-coloured  corpuscles, 
iietimes  in  these  brassy-coloured  elements  the  hsemoglobin  retracts 
n  the  periphery  of  the  corpuscle,  forming  a  layer  about  the  parasite, 
bdually  the  number  of  pigment-granules  increases,  though,  as  a  rule, 
Y  two  or  three  fine  bits  of  pigment  are  to  be  found  in  each  parasite, 
infections  in  which  the  organisms  are  arranged  in  well-defined  groups 
nay  be  extremely  difficult  to  demonstrate  any  parasite  in  the  peri- 
ral  circulation  during  the  period  immediately  preceding  the  paroxysm. 
t  infrequently  in  severe  infections  a  few  mature  bodies,  half  the  size 
:he  red  corpuscle,  with  a  single  central  pigment  block  or  clump,  may  be 
nd  at  this  period.  Segmenting  bodies  are  rare  in  the  peripheral  circu- 
lon.  Aspiration  of  the  spleen,  however,  may  shew  a  great  abundance 
the  mature  forms  ^vith  central  pigment  clumps  or  blocks,  as  well  as 
IQienting  bodies.  This  infrequency  of  the  parasites  just  before  and  at 
\  end  of  the  paroxysm  is  a  very  important  and  characteristic  point, 
ter,  and  on  the  following  day,  small  hyaline  or  early  pigmented  forms 
ly  be  numerous.  In  the  case  of  parasites  with  cycles  of  development 
forty-eight  hours  or  longer,  the  bodies  are  somewhat  larger,  and  the 
^ent  slightly  more  abundant  than  in  infections  with  organisms  having 
shorter  cycle,  in  which  segmentation  has  been  described,  while  the 
rasite  is  still  free  from  pigment  (March iafava).  After  the  process  has 
isted  from  five  days  to  two  weeks,  gametes,  large  ovoid  and  crescentic 
f^8,  with  collections  of  coarse,  centrally  arranged  pigment-granules,  are 
ually  present.  A  highly  important  diagnostic  point  in  the  sestivo- 
tumnal  fevers  is  that,  although  at  and  just  before  the  onset  of  the 
foxysm,  the  parasites  may  be  present  in  the  peripheral  circulation  in 
ry  small  numbers,  yet  phagocytes  containing  blocks  of  pigment  are 
^lly  fairly  abundant.  The  diagnostic  importance  of  these  elements 
ould  not  be  overlooked.  In  suspected  cases  in  which  organisms  are 
'^  found  in  the  fresh  blood,  examination  should  always  be  made  of 
led  specimens  stained  by  one  of  the  modifications  of  Romanovsky's 
^thod.  The  blue  lings  with  deeply  staining  chromatin  dots  are  much 
^  quickly  recognised  than  the  delicate  hyaline  bodies  in  the  fresh 

Pernicious  Fevers. — Tertian  and  quartan  fevers,  when  untreated,  ' 
'^ally  pursue  a  favourable  course,  terminating  in  spontaneous  recovery, 
\  dthough  frequent  relapses  may  bring  about  grave  cachexia,  acute 
^ptoms  of  a  dangerous  character  are  of  the  utmost  rarity.  The  same 
•^ot  be  said  of  aestivo-autumnal  fever,  which,  if  untreated,  gives  rise  in 
loy  instances  to  the  gravest  manifestations.  The  rapidity  of  the  multi- 
cation  of  the  parasites,  their  especial  malignancy  (from  the  standpoint 
their  supposed  toxic  influence),  and  the  tendency  toward  the  involve- 
nt  of  certain  vital  organs,  bring  about  the  malignant  manifestations 
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commonly  termed  "  pernicious. '*  These  symptoms  rarely  or  never  appear 
with  the  initial  paroxysms ;  they  are  the  result  of  neglect  of  treatmenL 
Pernicious  fever  occurs  in  various  types. 

The.  Coimiiose  Typ*'., — After  several  paroxysms,  which  may  or  mav  noi 
have  shewn  a  temlency  to  increase  in  severity,  a  fresh  attack  occun, 
beginning  often  with  a  period  of  excitement,  perhaps  delirium,  nausea, 
and  vomiting,  and  followed  rapidly  by  drowsiness,  somnolence,  or 
genuine  coma.  There  may  be  restlessness  and  jactation  ;  the  respiration 
may  be  quiet,  loud,  and  stertorous,  or  of  the  Cheyne-Stokes  character. 
The  pulse,  at  first  full  and  slow,  becomes  towards  the  end  rapid,  feebk, 
and  irregular.  The  skin  is  often  hot  and  dry ;  the  pupils  dilated,  con- 
tracted, or  irre<]:ular.  The  conjunctivje  are  usually  injected,  the  tongue 
dry  and  coated.  Slight  jaundice  of  the  skin  and  conjunctivae  is  an 
important  sign.  There  is  usually  moderate  anajmia.  The  deep  reflexes 
may  be  present  or  absent.  Local  spisnis  may  point  to  a  special  localisa- 
tion in  the  central  nervous  system  of  changes  (luc  to  tho  focal  accumula- 
tion of  parasites.  The  spleen  is  usually  palpable.  During  the  attack 
the  temperature  is  usually  high,  sometimes  above  106''  F.;  as  it  falls  the 
patient  gradually  regains  consciousness.  Defervescence  may  be  asso- 
ciated with  active  delirium,  lasting  perhaps  (Marchiafava  and  Bignami) 
for  several  days  and  ending  fatally.  Again,  an  improvement  may  last 
but  a  few  hours,  l>eing  rapidly  followed  by  a  fatal  recurrence.  Coma 
mav  last  a  few  hours  or  for  as  Ion*:'  as  four  davs ;  in  favourable  casei 
it  slowly  passes  oft'  with  defervescence  and  the  sweating  stage,  althoogk 
for  some  time  after  the  attiick  the  patient  is  usually  dull,  stupid,  and 
apathetic.  Should  a  succeeding  piroxysni  occur,  it  is  generally  fatal 
Marchiafava  and  Bignami  have  observed  c;i.S(;s  in  which  the  coma  lasted 
from  four  to  five  days,  death  occurring  at  a  tinn^  when  the  pirasites  had 
almost  compbitely  disappeared  from  the  circulation,  both  penphcniland 
central.  In  tiiese  cases  detinite  organic  changes  (punctifonn  haimorrhages) 
arc  usually  present  in  the  central  nervous  system. 

Other  Un'c.hniJ  mid  Spimd  Mnuifeiitutionii. — The  pernicious  paroxvso 
may  be  associated  with  active,  maniacal  delirium,  and  in  some  instancei 
tetiinic  convulsions  have  been  ol>served.  In  children  and  young  people 
the  manifestations  may  simulate  meningitis.  Well-marked  bulbar 
symptoms  are  n(jt  uncommon,  and  in  a  case  of  this  kind  MarchiafeTi 
demonstrated  special  involvement  of  the  medulla  at  the  necropsy.  W** 
turbancos  of  speecli  are  not  iniusual.  Transient  hemiplegia,  aphasia,  or 
amaurosis  may  occur.  ^Marked  vertigo  with  symptoms,  especially " 
the  ciM'ebellar  typo,  are  not  infrcfpient ;  while  in  a  numl)er  of  instances* 
group  of  symptoms  imitating  disseminated  sclerosis  has  been  descriW 
(T«)rti  and  Angelini).  Bastianelli  ami  Bignami  have  reported  a  rt-** 
with  symptoms  closely  resembling  those  of  so-called  electric  chorea.  An 
interesting  example  of  tetiuiy  occurring  with  the  paroxysm  was  observrf 
bv  Albert. 

(.'holrriforoi  Pernicious  Fn'n\ — The  special  localisiition  of  grave  apsti^o* 
autumnal    infections    in    the    intestinal   tract  may    result  in   symptotf 


f  our  cases  it  was  subnormal  during  the  last  two  days  of  life, 
is,  however,  usually  clear  almost  to  the  end.  As  a  result  of 
ever  and  the  quiet,  listless  condition  of  the  patient,  the  early 
of  an  algid  paroxysm  may  be  entirely  unnoticed.  In  one  of 
I  patient  who  had  walked  to  the  out-patient  department  died 
)  hours  after  admission.  The  paroxysm  may  be  associated 
it,  sanguineous  vomiting  and  severe  epigastric  pains — cardialgic 
'ever,  Souli^  and  Gillot  have  recorded  a  case  simulating  per- 
ritonitis.  A  patient  was  admitted  to  the  hospital  in  collapse, 
ory  of  melsena  on  the  preceding  night.  He  was  very  ill,  and 
give  a  satisfactory  account  of  himself.     There  was  vomiting; 

was  peritoneal ;  the  abdomen  distended  and  exceedingly 
Iverything  pointed  to  peritonitis,  following  a  typhoid  perfora- 
imination  of  the  blood,  however,  shewed  numerous  aestivo- 
Mkrasites.  The  patient  recovered  promptly  on  vigorous  treat- 
quinine.  Vomiting,  polycholia,  and  jaundice  may  be  prominent 
id  make  up  the  so-called  bilious  paroxysm.  Cases  in  which 
is  accompanied  by  great  dyspncea,  thoracic  pain,  cough,  blood- 
ita,  and  evidences  of  acute  bronchitis,  have  been  classed  by 
pneumonic  perniciom  fever.  Pernicious  symptoms — prostration 
86 — may  develop  in  association  with  a  great  accentuation  of 
ig  stage  of  the  paroxysm — sudoriferous  or  diaphoretic  j[Hiroxysnu 
ir  malignancy  are  cases  with  manifestations  of  purpura 
ica — the  hcemorrhagic  paroxsym. 

lation  of  the  blood  in  pernicious  fevers  reveals,  in  the  great 

I  cases,  very  large  numbers  of  jestivo-autumnal  parasites.     The 

lulation  of  plasmodia  may  be  so  great  as  to  justify  a  fatal 

Thus,    a    patient,     seen    shortly    after    a    severe    malarial 

was  perfectly  conscious,  and    though  weak  and    exhausted, 
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hiive  wholly  disappeared  from  the  blood  of  the  ear  or  finger.  The  pre&eDoe, 
common  in  pernicious  fever,  of  larger  forms  of  the  parasite  with  ceotnl 
pigment-blocks,  is  specially  important,  and,  according  to  Bastianelli  ind 
Bignami,  is  absolutely  diagnostic  of  a  great  accumulation  of  plasmodia  in 
the  internal  organs.  The  presence  in  the  peripheral  circulation  d 
macrophages  containing  larger  and  smaller  clumps  of  pigment,  and  often 
fragments  of  rerl  corimscles,  which,  in  my  experience,  is  the  rule  in 
pernicious  fever,  may  be  a  sign  of  great  importance.  I  have  found  tlieft 
bodies  in  considerable  numbers  in  cases  of  pernicious  fever  in  which  tlw 
parasites  were  not  especially  abundant. 

Combined  Infections. — Infections  with  more  than  one  species  of  the 
malunal  organism  at  the  same  time  are  not  uncommon.     The  usual  oooi- 
bination  is  that  of  tertian  and  sestivo-autumnal  parasites.     One  species  of 
organism  generally  prevails,  and  is  responsible  for  the  manifestations.    Ib 
such  infections  alternating  relapses  have  been  described,  due  first  to  one 
and  then  to  the  other  species  of  parasite,  the  course  of  events  suggesdng 
that  the  prevalence  of  one  parasite  has  some  inhibitory  influence  on  the 
growth  of  the  other.     With  the  decadence  of  one  s][)ecies,  however,  the 
other  begins  to  develop,  producing  symptoms  in  its  turn.     Occasionallj. 
however,    active   groups   of   parasites   of   different    species    may  tsA 
simultaneously  in  the  blood,   and  give  rise  to   a    complicated  clinieJ 
picture.     Marc  has  reported  an  interesting  case  of  combined  tertian  iw 
quartan  infection.     Wood  of  Wilmington,  North  Carolina,  has  shewn  ■« 
preparations  of  the  blood  of  a  similar  case. 

Relapses :  Fevers  with  long  intervals. — Untreated  malarial  few, 
unless  it  become  pernicious,  commonly  undergoes  spontaneous  improff- 
ment,  and  in  some  instances,  especially  in  tertian  infections,  the  recoveij 
may  l>e  permanent.  Usually,  however,  even  after  fairl}'  vigoio* 
treatment  during  the  original  attack,  there  are  relapses  which  may  W^ 
in  more  or  less  regular  cycles.  These  may  be  divideil  into  relaji*" 
occurring  after  short  intervals  and  those  following  at  longer  period* 
(Caccini). 

Ji(d((ps(:s  (if  sJwrt  intfrrnJs  are  apt  to  recur  after  periods  aiiproxinwii^ 
in  time  to  thf  duration  of  the  ordinary  incubation  ;  they  are  oleerveJ^ 
tertian  fever  at  intervals  of  from  fisa  to  eight^^cn  days,  and  in  fs0^ 
autumnal  fever  at  intervals  of  from  five  to  nine  days.  In  quartan  fever,  ^ 
whieli  relapses  are  especially  common,  there  seems  to  be  no  particultf 
rule  as  to  the  time  of  outbieak,  which  is  generally  traceable  to  ^ 
d«*finito  exciting  cause.  Caccini  has  never  observed  spontaneous  recovetj 
in  quaitan  malaria.  These  relapses  a])pear  to  be  due  to  the  fact  thA 
as  a  result  of  treatment  or  through  natural  powei's  of  resistance  of  uf 
human  organism,  so  great  a  part  of  the  infecting  group  of  parasite  ^ 
dt'st roved  that  a  period,  which  approximates  closely  to  that  of  t«* 
ordinary  incubation,  nuist  be  passed  through  ]>efore  it  reaches  agaii** 
size  sutticient  to  pro(lu(*e  distinct  paroxysms.  In  some  instances  ^ 
relapse  consists  of  a  single  attack,  after  which  a  period  of  time  practic*''! 
or  exactly  equal  to  the  previous  intermission  may  elapse  before  a  sew*" 
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eurrence.  This  sequence  of  events  may  continue  for  some  time, 
'  g  rise  10  ao-called  fevers  with  loii^  intervals.  Carducci  finds  that  in 
ttvo-aulumnal  fever  the  usual  period  of  inlermisBion  is  about  seven 
I^E.  In  such  cases  the  persistence  through  long  periods  of  time  of  a 
llr  grade  of  infection  may  produce  grave  cachexia.  Relapses  of  thifi 
'  I  children,  especially  in  those  under  live  years  of 
r  he  due  to  the  lessene<l  resistance  of  the  infantile  organism 
to  tlie  greater  difficulty  of  carrying  out  eflicient  treatment.  Kelapses 
■t  intorvaia,  though  frequent  in  all  forms  of  fever,  are  commoneat 
tertian  infections,  probably  because,  on  account  of  the  mildness  of  the 
inifeatations,  proper  treatment  is  often  neglected. 
hdnjaes  iifttr  l<mg  IiUertiiU. — Another  variety  of  relapse  occurs  attei' 
h  of  from  several  months  to  over  a  year.  These  outbreaks  appear 
depend  uimn  various  exciting  causes,  such  as  insufficient  food,  articles 
■diet  which  produce  disturbances  from  special  individual  idiosyncrasy, 
nro- intestinal  disturbances,  hard  physical  labour,  mental  strain, 
pwiire  to  cold  or  wet,  change  in  temperature  or  climate,  trauma, 
fjiwl  operations,  pregiumcy  and  parturition,  infections,  such  as 
Knmoniu  and  enteric  fever,  and  drugs  {tuberculin,  iodide  of  potassium). 
llipMs  aflrr  long  periods  of  time  are  especially  common  in  tertian 
ttr,  less  so  in  Eestivo-autumnal  infections.  Relapses  of  tertian  fever 
Hrin  the  malnrial  season  in  temperate  climates.  In  the  intermissions 
l*een  such  relapses  the  jMitient  appears  perfectly  well.  No  parasites 
I  (wind  in  the  circulation,  and  there  is  no  anicmia.  Treatment  by 
iaine  during  the  intermission  has  no  effect  whatever  in  preventing  the 

The  form  in  wbicli  the  parasites  persist  throughout  those  long 
Koila.  and  the  part  of  tlie  body  in  which  they  are  hidden,  are  entirely 
known.  It  is  not  imjiossible  that  these  late  relapses  may  be  due  to 
nheiiogouetic  segmentation  of  macrogametes,  such  as  has  been  described 
'Scbftudinn.     We  have  seen  appearances  exactly  similar  to  his.      Ibdian 

errurs  point  out  that  in  the  malarial   epidemic  relapses  are  always 

K  frequent  than  primary  attacks. 

While  recrudescences  are  especially  fre(|Upnt  in  quartan  fever,  the 
larluibte  tenacity  of  which  has  been  known  for  generations,  relapses 

lug  intervals  are  nut  common.  The  infection,  though  mild  in  its 
BrifwtAtions,  persistfl  for  considerable  periods  of  time,  breaking  out  at 
'inralg  under  any  provocation,  such  as  those  above  mentioned. 

Tkr    Urine,    tn  Malaria. — There  are  no    constant    variations    in    the 

wot  of  urine  in  malaria.  The  greatest  quantities  are  passed  during 
■  *arly  parts  of  tlio  paroxysm.  A  post-malarial  polyuria  is  common, 
'filing  a  few  days  after  the  disappearance  of  fever,  and  lasting  some- 
^^Hi  !■  long  as  thirty  days;  this  is  more  marked  after  tertian  and 
Wan  than  after  teativo-autumnal  fever.     The  colour  of  the  urine  is 

luly  high,  depending  on  the  increased  amount  of  urobilin.  There  is 
I  Cfiaractcristic  change  in  the  acidity.  The  specific  gravity  varies 
""  wly  with  the  amount;  it  is  often  relatively  high  in  iiost-malarial 
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l>olyuria.  The  total  nitrogen  excretion  is  increased  both  during  tke 
acute  stages  of  the  illness  and  in  the  post-malarial  polyuria,  but  the  uiv 
acid  is  not  increased.  The  chlorides  are  present  in  normal  profiortioii, 
being  increased  during  the  paroxysms,  thus  contrasting  with  the  conditioii 
in  fevers  associated  with  local  inflammatory  processes ;  they  are  markedly 
increased  in  post  -  malarial  polyuria.  The  elimination  of  sulpbata 
corresponds  closely  to  the  variations  in  the  excretion  of  nitrogen.  The 
]>hosphates  are  often  increased  in  quantity,  but,  unlike  the  other  eolkl 
constituents,  they  are  diminished  during  the  febrile  paroxysm ;  they  aw 
much  increased  in  post-malarial  polyuria.  In  the  regularly  intermittent 
fevers,  tertian  and  quai-tan,  a  trace  of  albumin  was  present  in  38*6  per 
cent  of  352  cases  in  the  wards  of  the  Johns  Hopkins  Hospital,  h 
lestivo-autumnal  fever  it  was  more  frequent,  occurring  in  58  3  per  cent 
of  165  cases.  In  the  great  majority  of  instances  there  was  only  adi^t 
trace.  In  many  of  the  cases  in  which  albumin  is  found  occauooal 
hyaline  casts  may  be  detected  in  the  sediment.  In  pernicious  fever 
traces  of  bile  may  be  found. 

Cause  of  the  Malarial  Paroxysm. — There  has  been  much  specnla- 
tion  as  to  the  cause  of  the  remarkable  periodical  paroxysms  of  malarii 
Not  only  the  character  of  the  manifestations  themselves,  hut  tl» 
degenerative  changes  found  in  many  organs — brain,  nerves,  liTer, 
kidneys — suggest  that  the  access  is  associated  with  the  presence  of  some 
circulating  toxic  substance  or  subst^uices.  The  definite  coincidence  i 
the  paroxysm  with  the  fission  of  a  generation  of  organisms  has  led  DM»t 
observers  to  assume  that  the  poison,  whatever  it  may  be,  is  set  free  \k 
the  ])arasites  at  their  time  of  segmentation.  All  attempts  to  isolate* 
specific  toxic  substance  have  so  far  been  without  result 

Sequels. — Rf'suUa  of  frequently  relapMng  or  repeated  Infections,  CachtJiL 
Mfisked  or  Lirrate  Malarial  Inferfions. — Frequent  relapses  or  often  repeated 
malarial  infections  may  give  rise  to  a  great  number  of  cliniciU  manife«tar 
tions.  In  prolonged  cases  the  imtient  may  be  reduced  to  a  state  d 
gmve  cachexia,  the  characteristic  features  of  which  are  anaemia,  gretf 
enlargement  of  the  spleen,  and  a  liability  to  anasarca  and  dropsy.  I" 
an  advanced  case  the  condition  of  the  patient  is  truly  pitiful  Tbe 
emaciation,  the  dead,  sallow,  ana?mic,  earthy  grey  complexion,  the 
sunken  eyes,  the  listless,  feeble  air,  the  large  spleen,  and  the  ceden* 
make  a  most  characteristic  and  easily  recognisable  picture.  In  childrea 
growth  is  often  retjirded,  and  well-marked  infantilism  may  result 
(Cardarelli).  Anamia  is  among  the  commonest  and  most  importaitf 
sequels.  Changes  in  the  blood  arise  not  only  from  the  destructitm  ^^f 
corpuscles  in  the  individual  malarial  att<ick,  but  also  as  a  result  w 
changes  in  the  blood-fc^rniing  organs,  iis  well  as  in  other  vital  part«.  Tb* 
moderate  anipniia  which  follows  the  first  acute  attacks  is  generally 
compensated  for  by  active  regeneration.  In  long-continued  or  recurrent 
in f (Actions,  however,  pronounced  anajmia  may  result.  This  is  usually 
of  the  type  of  an  ordinary  secondary  ana*mia,  the  colour-index  of  tb« 
red  corpuscles  being  reduced,  and  the  leucocytes  diminished  in  number. 
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with  A  nither  high  percenlage  of  mononuclear  elements,  espednlly  of  the 
l&rge  mononuclear  variety.  Nucleated  red  blood -corpuscles  (nonnoljlasts) 
•re  preBent.  Rignami  and  Dionisi  and  Ewing  have  described  cases  pursuing 
ail  unfavourable  course,  in  which  the  blood  presenterl  the  cliaracceriBtics 
'  the  toGgaloblastic  type  of  pernicious  anfcmiiv,  as  well  as  rapidly  fatal 
.eniias  with  a  diminution  in  the  number  of  leucocytes,  an  cxceBsive 
,-  n^ntogc  of  small  mononuclear  elements,  and  an  absence  of  nnclealed 
r-ivi  corpuscles — aplastic  aniemia.  ifa/aruil  hrmw^lobinvria  is  described 
oil  p.  589. 

Among  the  cutaneous  manifestations  in  chronic  cases,  especially 
wh<-n  cachectic,  is  purpura,  which  may  appear  as  a  severe  or  even  fatal 
'  iqium  hemorrhagica  (Ascoli).  The  peculiar  eorlhg  colour  nf  the  skin  ia 
' '  characteristic  as  to  be  often  recognisable  by  the  skilled  oheerver.  A 
'ii.irkable  phenomenon,  occurring  especially  in  chronic  cases,  is  anasarca, 
iiich  may,  as  Ascoli  has  pointed  out,  simulate  sometimes  the  (edema 
I  nephritis,  sometimes  that  of  cardiac  failure,  although  the  urine  may  !« 
iiLie  free  from  albumin.  Common  in  cachectic  subjects,  such  (^ema 
1 11-  nppear  in  individuals  in  relatively  good  condition.  An  instance  of 
'■i'  sort  came  under  my  observation  some  years  ago.  A  man  of  about 
"y  entered  the  hospital  in  fairly  good  condition  with  well-marked 
•lema  of  the  legs,  and  slight  ascites,  without  apparent  cause.  There 
'  IS  no  reason  to  suspect  any  disease  of  the  heart,  liver,  or  kidneys. 
^'lue  days  after  admission  the  patient  had  a  relapse  of  tertian  malaria,  a 
i'lr  history  of  which  had  not  been  previously  obtained.  With  rest  and 
"lie  treatment  the  oedema  generally  clears  up.  MulHpk  cuUmeous 
'■-•'ignruf  is  sometimes  met  with.  A  remarkable  case  of  this  nature  has 
'"■•■a  reported  by  Prof.  Osier.  Dr.  E.  J.  Wood  of  Wilmington,  North 
''-irolina,  telle  me  that  he  has,  in  the  last  few  years,  seen  several  similar 
'^^iso,  in  all  of  which  the  coincidence  or  immediately  preceding  existence 
"( rmlaria  has  been  provet!  by  examination  of  the  blood. 

XrjArHu. — Acute  nephritis  is  not  an  uncommon  sequel,  occurring  in 
'"  per  cent  of  1832  cases  analysed  at  the  Johns  Hopkins  Hospital. 
'■iirf  in  tertian  and  quartan  infections,  it  is  by  no  means  infrequent  in 
'^'iTO-auiumnal  fever.  There  is  nothing  remarkalile  in  the  character  of 
the  disease,  which  putBues  the  course  of  an  ordinary  acnte  toxic  nephritis. 
"'  2G  cases  of  malaria]  nephritis  14  recovered  ;  4  died  ;  in  9  the  result 
»is  doubtful ;  in  2  chronic  nephritis  followed.  We  have  since  seen 
*''eral  additional  cases  of  chronic  nephritis  of  undoubte<l  malarial  origin, 
liuln-itiksliiial  Trad. — Dian'htea  and  dyspepsia  are  common  in 
'-Htclicpatients,  but  there  are  no  especially  chanicteristic  gastro-intestinal 
"i»nife«Atinris. 

Liter. — As  has  been  described  in  the  section  upon  pathological 
'iLiutmy,  distinct  changes  in  the  li^er  associated  with  enlargement  and 
''"mic  perilobular  hepatitis  often  follow  repeated  malarial  infectiona. 
"<>*e  changes,  however,  give  rise  to  no  characteristic  clinical  manifesta- 
""D3.  While  there  is  little  anatomical  evidence  that  malaria  induces 
''('Itttie  changes  capable  of  producing  the  clinical  manifestations  of  portal 
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cirrhosis,  some  authors  insist  on  the  occasional  clinical  sequence  of  atro(iie 
cirrhosis  of  the  liver  after  malaria  (Kelsch  and  Kiener,  Lodigiui 
Phillips). 

Nervous  System, — The  grave  nervous  phenomena  accompanying  per 
nicious  paroxysms  are  usually  associated  with  fever.  Sometimea,  lioff- 
ever,  the  paroxysm  may  be  represented  by  the  nervous  manifesutioai 
alone,  fever  being  almost  or  entirely  absent.  After  pernicious  paroxTW 
the  nervous  phenomena  clear  up,  as  a  rule,  rather  slowly;  sometin^ 
indee<l,  they  may  persist  for  considerable  periods  of  time.  In  chronkor 
frequently  repeated  attacks,  especially  of  a^stivo-aiitumnal  malarii,  tk 
patient  may  present  nervous  phenomena  of  great  variety  and  perdstoej. 
The  commoner  of  these  manifestations — vertigo,  motor  instability,  traMi; 
ataxia  of  the  cerebellar  type,  dysarthria,  increasing  as  they  do  in  pff- 
nicious  paroxysms  to  hallucinatory  delirium,  coma,  and  even  convnUoBi 
— are,  as  Ascoli  has  well  pointed  out,  in  many  ways  analogous  to  tJHM 
observed  in  alcoholism.  The  dulness,  the  uncertain  memory,  the  M 
lessness,  the  a^Kithetic  condition,  the  tremor,  the  slow,  uncertain  speei 
of  the  cachectic  patient,  are  very  similar  to  the  manifestations  of  chnni 
alcoholism.  The  psychical  phenomena,  also,  are  usually  of  a  confiuioid 
type  with  a  tendency  toward  hallucinatory  delii-ium.  Slow,  hesita&if 
speech,  marked  muscular  wetikness,  or  sometimes  increased  mnaenlff 
excitability  with  exaggerated  reflexes,  are  common.  In  a  number  i 
instances  a  clinical  picture  simulating  that  of  insular  sclerosis  has  bcfl 
described  (Torti  and  Angelini,  Panichi,  Bignami  an<l  Bastianelli,  SpilW 
Most  of  the  hemiplegias  occurring  in  connexion  with  malaria,  as  in  one ci 
our  cases,  are  probably  in  individuals  with  pre-existing  vascular  chungB^ 
in  whom  the  paroxysm  has  acted  as  the  exciting  cause  for  the  rupture* 
thromljosis. 

Neuralgias,  especially  of  the  fifth  nerve,  may  occur  in  chronic  mato 
although  intermittent  facial  neiuulgia  is  much  too  often  ascrihrti  t> 
paludism.  Xeuritides  of  the  type  of  ordinary  toxic  multiple  neiuitiabwi 
be(Mi  desci-ibed  by  a  number  of  observers  (Eichhorst,  Saquep^e  and  Doj** 
Schupfer,  Fajardo  and  Couto,  Luzzatto).  Necropsies  in  the  cases « 
Fajardo  and  Couto  and  Luzzatto  shewed  widespread  and  extensive  pal*" 
chyniatous  nouritis.  In  the  latter  case  degenerative  changes  in  the  anteri* 
horn  cells  were  also  found.  Cachectic  subjects  seem  to  be  especially  !»* 
to  iieiuiiis  fnmi  other  recognised  toxic  causes.  Deafness  from  neuritis* 
the  auditory  nerve  has  been  described,  although  some  of  these  instsflc* 
arc  j)roba))ly  due  to  the  administration  of  quinine.  Optic  neurit* 
followed  by  atrophy,  retinal  ha?morrhages,  and  retino-choroiditis,  haveta* 
observed.  T>indi  reports  an  instance  of  angioneurotic  oc^dema  in  a  cached* 
patient.  In  the  reported  cases  of  epilepsy  of  supposed  malarial  origin.* 
is  ((uite  |>o:ssi))le  that  malaria  acted  only  secondarily,  as  the  exciting  c»8* 
in  a  prccli.sposed  individual.  Neurasthenia  and  hysterical  conditions  B? 
follow  malaria  as  in  the  case  of  anv  severe  infection.  Post-malaO* 
nsvchoses  are  rare.  Marchiafava  and  Bignami  describe  a  case  of  artf 
maniacal  delirium  with  a  fatal  result  following  a  pernicious  attack,  vw» 
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of  elighi  mental  confusion  with  ballucinaiiona  may  last  for  a 
or  ttro  after  malignant  paroxyams.     In  one  of  our  caaos  ihe  patient 
lined  in  a  depressed,  confused  condition  with  hallucinations  for  several 
itbs  Hft«r  an  attack  of  tertian  fever. 

Masked  Malarial  Infections. — Before  tbe  discovery  of  the  parasite 

■peat  niiml>er  of  conditions  having   no  relation  lo  the  disease  were 

*s  masked  or  larvate  malaria.     With  our  present  knowledge 

confusion  should  not  exist.     It  has,  however,  long  been  known  that 

iites  may  be  present  in  the  circulation  for  considerable  periods  of 

without  causing  symptoms  which  are  definitely  recognised  as  due  to 

Latent  infections  are  especially  common  among  the  natives  of 

tropics  (Koch,  Stephens  and  Christophers,   Ciwig).      Some  of  these 

i  occur  in  individuals  who  have  not  been  regularly  or  properly  treated. 

iothers,  np^iarently  because  of  the  resistance  of  the  organism,  or  from 

causes,  the  infection  never  develops  sufficiently  to  provoke  frank, 

cteristic   pnroxysms.'     Moreover,  as  hua  been  already  mentioned, 

1  pernicious,  manifestaLionB  of  a  nei'vons  character  may  occur 

III  or  but  slighlly  elevated  temperature      In  395  out  of  1267 

of  malaria  studied  by  Craig  in  the  army  hospital  at  San  Francisco, 

srmptoms  were  such    that  malaria  was  not  recognised   before  the 

istraUon  of  tbe  parasite  in  the  blood.     These  facts  emphasise  the 

iportMicc  of  regular  examinations  of  the  blood,  ['specially  in  malarious 

i^iMB  or  where  there  is  this  possibility  that  the  patients  may  have  been 

ohjected  to  infection. 

Camplicatlons, — I'neumonia  is  so  frequently  a  complication  or  sequel 
^  nalaria,  and  is  so  common  in  cachectic  patients  that,  previously  to  the 
dttcmcry  of  the  parasite,  it  was  often  regarded  as  of  malarial  origin. 
The  (liminisbed  resistance  in  cachexia  no  doubt  favours  the  incidence  of 
[Wiituonift  as  it  does  of  any  severe  secondary  infection  ;  moreover,  pneu- 
ixnitt  nuty  occur  as  a  complication  of  a  severe  malarial  attack,  just  as  it 
wy  in  eni«ric  fever.  The  malarial  infection  may  produce  active 
'vmiitomB  during  the  course  of  the  pneumonia,  though  it  commonly 
"■mums  latent  during  the  attack,  breaking  out  with  convalescence.  We 
'live  olrserved  combined  infections  of  pneumonia  and  malaria  in  several 
'"■wa  ill  the  wards  of  the  Johns  Hopkins  Hospital.  The  so-called  jmetimmic 
i«rtiicious  paroxysm  has  no  connexion  with  true  pneumonia. 

Etitrrw  Ffver. — Much  has  been  written  about  the  co-existence  of 
"wlaria  with  enteric  fever.  In  the  great  majority  of  instances  the 
"wUrial  outbreak  occurs  during  convalescence  from  the  enteric  fever, 
liiougb  occasionally  tbe  two  infections  may  exist  simultaneously  in  an 
wiive  itage,  as  in  a  case  reported  by  Craig.  The  once  prevalent  belief 
'ut  a  gpecinl  form  of  fever  existed,  resulting  from  a  combination  of  the 
Vnib'tid  and  malarial  poisons,  to  which  the  name  typlio-maliina  might 
proprly  be  given,  is  without  foundation. 

'  Cnlg  nHCTld  Uut  the  evldeiiucn  or  intrBcorjiiiaciilu'  cotyiif^fttiDii  of  the  punuitea.  a  fiio- 

Tilth  bt,  UKMimuon  with  Ewiug,  '  

Ittion.  (n  •btcnt  in  latent  umlacia. 
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Dysentery  and  malaria  may  co-exist,  and  cachectic   patienU  are  » 
questionably   disposed    to    intestinal    disorders.       The   combination  i 
malarial  infection  with  dysentery  of  the  amoebic  type  is  not  unconuMi 
There    is  no    such    thing,    however,    as   a   specific   malarial  dyaeDtoj. 
Instances  of  combined  infections  of  malaria  with  clwlern^  small^^uAi 
number  of  other  acute  diseases  liaA'e  been  described.     They  present  kef- 
ever,   no   characteristics   worthy   of    special   mention.       Tvltfrculosu  ui 
malaria  were  formerly  thought  to  be  antagonistic.     The  discoveries  «i 
recent   years,  however,   have  proved    not   only    that    tul>erculosis  doa 
not  exclude  malaria,  but  that  the  existence  of  paludism  in  a  tuberculov 
patient  has  a  distinctly  deleterious  influence  upon  the  course  of  thectt^ 
favouring  the  increased  activity  of  the  latter  disease.     Posi-partvm  ui 
]  tost -ope  rat  ire  relapses  of  malarial  fever  are  not  uncommon.     Inasmock  s 
such  relapses  are  not  confined  to  malarial  districts  and  may  assume  a  po^ 
nicious  character,  careful  examination  of  the  blood  should  always  bemib 
in  the  presence  of  anomalous  symptoms  after  operation  or  in  the  \ngt- 
pedum.     It  should,  however,  be  remembered  thcit  the  terms  postrpartm 
and  post-operative  malaria  have  been  greatly  abused.     It  is  probably  Wt 
to  say  tliat  a  large  proportion  of  the  aises  reported  in  literature  repmeii 
septic  infections. 

Diagnosis. — Since  the  discovery  of  the  parasite  the  diagnosis  i 
malaria  has  become  a  relatively  simple  matter. 

Teriuin  and  Quartan  Jnfectwns. — In  single  tertian  or  quartan  fever  tli 
characteristic  intermittent  paroxysms  with  the  regular  stages  of  t\A 
fever,  and  sweating  justify  of  themselves  a  probable  diagnosis.  Herpt^ 
anfemia,  the  wirthy,  greyish,  slightly  jaundiced  colour  of  the  skin,  aii 
the  palpable  spleen  also  help  in  the  diagnosis. 

The  intermittent  febrile  paroxysms  of  pulmonary  UiberaihMs,  so  fw* 
(juently  confounded  with  malaria,  are  rarely  as  regular,  and  are  nsnailj 
of  much  longer  duration.  They  occur  generally  in  the  afternoon,  vbik 
the  malarial  paroxysm  begins  more  commonly  in  the  morning  how* 
The  chills,  fever,  and  anwmia  associated  with  infective  endocarditis 
septiciemia,  and  pyaemia  may  simulate  malaria ;  the  paroxysms  are,  bof- 
ever,  irregular  and  shorter,  two  or  three  occurring  sometimes  in  twentf- 
four  hours.  In  two  instances  of  influenza  I  have  seen  remarkably  regulff 
tertian  au<l  quotidian  paroxysms  closely  resembling  those  of  paludism,  W 
the  thomcic  symptoms  were  characteristic,  and  influenza  bacilli  ▼*• 
demonstrated  in  the  sputa.  The  essential  procedure  in  diagnosis  is  tk 
(.ranunatioi}  of  the  hJoofJ^^  which  reve^ils  the  characteristic  parasitti 
Another  very  ini[)ortant  ix)int  is  the  constant  absence  of  leucocy tosis ■ 
tertian  and  (piartan  malaria,  and  its  presence  in  most  of  the  conditicii 
wliicli  may  give  rise  to  a  mistake  in  diagnosis.  The  presence  of  • 
appreciable  leucocytosis  is  strong  evidence  against  the  existence  of  luiw* 
plicated  malarial  fever.     Wlu'n  but  few  parasites  are  to  be  found,  pigment 

'  In  this  i-oniu'xion  I  Vfiitiiri'  to  cpiote  a  <jt.itpnitMit  inatlo  elsewhere  :  It  is  impi.'^/^ 
to  nidh'  yrlinhle  cntmiiKitions  ff  the  fttotul  for  mithiriol  pari'sitffi  vithont  first  Wing  fai^9i0 
v'ith  thf  or(Nntiri/  appt'arunccs  of  nonnal  blood  and  the  commoner  jHithological  chaHiff*^ 
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-inn;;  leucocytes  muy  be  »n  imporUiut  aid  ia  diagnosis  especially  at  llie 
'L^i'  of  the  pttroxysms.  The  skilled  observer  can  usually  distinguish 
i.iljiial  pigment  from  extiiineoua  particles.  The  difterenlitil  diagnosis 
iMteo  tertian  and  quartan  infections  ia  best  made  hy  examinalioii  of 
.'  fresh,  unstained  specinKn  of  blood.  The  tertian  organisms  are 
:!.'ir,  paler,  more  actively  amreboid.  The  pigment,  especially  in  the 
•  I'luiger  forms,  is  in  smaller  particles  and  more  actively  motile.  The 
iiiei-uioites  in  the  segmenbing  organisms  are  more  numerous  (IQ-30)  and 
iwi  io  regularly  arranged.  The  surrounding  corpuscle  becomes 
'Iduloiiriswl  »nd  exiianded  with  the  growth  of  the  parasite.  The  quartan 
■ir^iinism  is  smaller,  more  shai'ply  outlined,  less  amoeboid,  slower  in  its 
^ 'veinents;  its  pigment  is  coarser  and  less  motile,  and  oft«n  more  peri- 
I'linilly  phicod.  The  merozoites  are  less  numerous  (6-12)  and  more 
L^iilarly  arranged ;  the  surrounding  corpuscle  is  apt  to  retract  about  the 
li^iriirtitc,  and  bi:uon)es  of  a  deeper  colour.  The  eame  characteristics  may 
■■'  made  out,  though  with  somewhat  less  distinctiieHs,  in  the  stained 
i'^'imen,  In  quartan  fever  the  organisms  are  found  with  great  frequency 
>  ill  stipes  of  ilevelojmient.  In  tertian  fever  they  are  somewhat  less 
i:''{iiFnt  iu  the  blood  at  the  period  immediately  preceding  and  during 
!"i'iilation  than  during  their  earlier  stages. 

Response  to  the  therapeutic  test — the  immediate  disappearance  of  the 
tcvcr  after  treatment  with  quinine,  is  a  strong,  though  not  positive 
iviilence  of  its  malarial  origin.  The  persistence  of  intermittent  fever  after 
viMrotis  treatment  with  quinine  exclu<les  malaria.  Alultiple  and  com- 
'"netl  infections  may  be  readily  recognised  by  examination  of  the  blood. 
Til*  simplest,  and  in  many  instances,  the  most  satisfactory  method  of 
-''lilting  the  parasite  is  in  specimens  of  the  fresh  blood  which,  with  the 
K'lUlile  microsc(i[>es  now  available,  can  be  readily  examined  at  the  bed- 
"ile.  If  this  be  impossible  the  preparation  of  dried  specimens  stained  by 
une  uf  the  difTereiit  forms  of  the  Eomanovsky  stain,  especially  that  of 
I*ialiman  and  its  various  modifications  (Wright,  Hastings,  Goldhorn),  is 
u  fuy  method  of  diagnosis.  The  blood  should  be  examined  before  the 
'tanning  of  treatment.  A  few  doses  of  quinine  often  canse  the  dis- 
"Vliearanee  of  parasites  from  the  peripheral  circulation  or  so  far  reduce 
ilienumWr  as  lo  interfere  greatly  with  diiignosis. 

.•Eiiir'y^iitvrmini  Malariit. — In  this  form  the  diagnosis  is  not  so  simple. 
•Htii  the  paroxysms  are  distinctly  intermittent,  paludism  may  be  at 
Mice  suggested  by  the  raised  temperature,  the  characteristic  change  in  the 
"XB^^xion,  the  jaundice,  the  frequently  complicating  herpes  and  the 
Wljwlile  spleen.  The  symptoms,  however,  may  be  obscure.  The 
iliteMe  is  most  commonly  confounded  with  fidtric  ffrer.  The  intermittent 
lit  regularly  remittent  character  of  the  fever  may  become  evident  only 
-ftr  long  observation  of  carefully  kept  charts,  while  the  absence  of  chills, 
''I'!  pains  in  the  head,  loins,  and  extremities,  the  general  a^iathetic  con- 
'''i'«n  of  the  patient,  the  coated  tongue  and  the  enlarged  spleen  all 
-iiMiibil«  enteric  fever.  The  examination  of  the  blood  usually  settles  the 
I'l'^stion.     The  leucocytes  are  normal  or  reduced  in  number  in  both 
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infections,  hut  in  malaria  sestivoautumnal  organisms  as  well  as  pigmeafr] 
bearing  phagocytes  can  nearly  always  be  found.  A  special  diagnoilitj 
ditficulty  met  with  in  aBstivo-autumnal  fever  is  the  small  size  of  tlie  pin- 
sites  and  the  absence  of  pigment  which,  to  the  unskilled  observer,  reodenj 
them  diificult  to  recognise  in  fresh  blood.  Again,  artifacts  and  (!»• 
generative  changes  in  the  blood  -  corpuscles  are  often  confusing.^  A»{ 
maturity  the  testivo-autumnal  parasites  are  very  scanty  in  the  peripheal] 
circulation,  collecting  usually  in  the  internal  organs,  so  that  at  a  penod'j 
immediately  preceding  and  during  the  early  part  of  the  paroxysm,  if  ft] 
single  group  b^  present,  but  few  organisms  may  be  found.  It  isTaji 
imporUmt,  therefore,  in  any  doubtful  case,  to  prepare  stained  spedBMBJ 
of  blood.  The  characteristic  ring -body,  with  its  striking  chromitB'| 
granule,  is  much  more  readily  distingiushed  in  the  stained  specimen  (klj 
in  the  tresh  blood.  If,  in  a  suspected  case,  no  parasites  are  found  in  i 
examination  made  e<irly  in  the  paroxysm,  the  procedure  should  always M 
repeated  some  hours  later,  when  the  result  will  probably  be  poatiTti 
Like  Marchiafava  and  Bignami  I  have  never  found  it  necessar}^  to  piinctisij 
the  spleen  for  diagnostic  purposes.  The  procedure  is,  moreover,  Iff 
means  free  from  danger  in  unskilled  hands.  In  cases  which  have  listrfj 
over  five  days  the  frequent  presence  of  the  sexually  mature  forms, 
large  ovoid  and  crescentic  bodies,  is  of  great  diagnostic  help.  It  is,  ho»] 
ever,  in  the  ppnilciom  fevers  that  confusion  is  most  likely  to  arise.  Tk\ 
comatose  paroxysm  may  be  mistiiken  for  sunstroke,  ursemia,  or  cerel 
haemorrhage.  Tiie  differential  diagnosis  from  sunstroke  may  be  extreme!^ I 
difficult,  especially  in  cases  in  which  the  latter  occurs  in  an  indivic 
already  suffering  from  mild  or  chronic  malaria.  Jaundice,  amemia,  oil 
enlarged  spleen  would  suggest  malaria,  Avhile  hyperpyrexia  woidd  1*^ 
rather  in  favour  of  sunstroke.  Although  in  some  cases  with  ceretal 
manifestations  there  may  be  no  gi*eat  excess  of  parasites  in  the  penplMtii 
circulation,  they  are  almost  always  present  in  sufficient  numbers  to  allof  j 
of  a  speedy  diagnosis.  The  frecjuency  of  pigment-bearing  macrophage! i 
a  point  of  great  importance  in  the  diagnosis  of  pernicious  fever;  thmii 
a  case  of  comatose  paroxysm,  in  which  the  number  of  parasites  «»; 
relatively  small,  I  found  numerous  pigmented  macrophages.  As  poiniJ 
out  by  Marchiafava  and  Bignami,  these  persist  in  the  circulation  for  so**, 
days  after  the  panisite  has  disappeared  as  a  result  of  treatment  IVi 
tetanic,  meningeal,  eclamptic,  and  hemiplegic  types  of  malaria  can  also  In 
recognised  by  the  condition  of  the  blood.  In  some  instances,  especialf 
in  an  algid  paroxysm  or  in  afebrile  attacks  with  gi*ave  nervous  phenomena 
the  disease  may  be  wholly  unsuspected  in  the  absence  of  systemfttt 
examination  of  the  1>1o(.m1.  The  ha^morrhagic  paroxysm  may  suggc* 
yellow  fever,  which,  indeed,  it  may  complicate.  The  disproportionatelf 
slow  pulse  in  yellow  fever  is  an  important  diagnostic  point,  while  til 

^  Nfarly  every  year  articles  ap])ear  iu  rej»utal*l('  journals  describing  as  a  •*newvarirtT« 
malarial  juira^te  "  the  i)eculiar  navicular  bodies  with  rotatory  motion  aboat  a  central  uw^ 
commoidy  observed  iu  red  blood-corjmscles.  lucideutally  the  same  structures  hare  te« 
docribed  ua  purabites  of  measles  and  of  ytdlow  fever. 
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mtity  of  albumin  in  the  urine  is  usually  much  greater  than  in  malaiia. 
iinination  of  the  blood  is  sufficient  to  determine  the  presence  of  the 
;«r  disease,  although,  as  demonstrated  in  the  recent  epidemic  in  New 
«ans,  this  may  not  exclude  co-existing  yellow  fever.^ 

Chrome  Malarial  Cachexia. — The  diagnosis  of  chronic  malarial  cachexia 
"mrely  difficult  if  the  history  of  the  patient  and  the  conditions  under 
ich  he  has  lived  be  taken  into  account.  It  must  be  distinguished 
m  secondary  or  primary  ansemia,  leukaemia,  and  the  various  types  of 
BDomegaly — the  so-called  primary  splenomegaly — splenic  anaemia,  or. 
nti's  disease,  and  especially  from  kala  azar.  The  enlarged  spleen,  the 
.ve  anaemia,  tlie  liability  to  haemorrhages  and  dropsical  effusions,  common 
these  various  conditions,  may  render  the  diagnosis  rather  difficult, 
lakaemia,  of  course,  can  readily  be  excluded  by  examination  of  the 
«1.  The  same,  however,  cannot  be  said  of  primary  splenomegaly  or 
Dti's  disease,  in  which  the  type  of  anaemia  is  closely  similar  to  that 
tally  observed  in  malarial  cachexia,  while  hepatic  enlargement  is 
nmon  in  both  maladies.  In  such  cases  one  must  depend  largely  upon 
I  history  of  the  case.  A  febrile  recurrence,  with  the  presence  of 
rftsites  in  the  circulation,  or  the  discovery  of  gametes  of  the  sestivo- 
;4unnal  organism,  settles  the  diagnosis.  Kala  azar  {inde  p.  226)  may 
suspected  in  a  patient  coming  from  a  district  such  as  Assam,  where  it 
known  to  exist,  who  has  an  enlarged  spleen  and  liver,  fever  unrelieved 

quinine,  and  no  malarial  parasites  in  his  blood.  Splenic  puncture 
mid  reveal  the  presence  of  the  Leishman- Donovan  body.  On  the 
ler  hand,  kala  azar  may  be  complicated  by  malaria,  and  the  most 
arive  test — splenic  puncture — is  not  without  danger.  There  is  nothing 
iracteristic  in  the  nephritis  of  malarial  origin. 

Masked  Malarial  Infections, — In  regions  in  which  malaria  is  common, 

among  patients  who  come  from  malaiious  localities,  examination  of 
5  blood  in  all  doubtful  or  unusual  manifestations  should  never  be 
^ected,  as  this  may  lead  to  the  discovery  and  relief  of  a  considerable 
uber  of  unsuspected  cases  of  malaria  (cf.  p.  267). 

Progrnosls. — The  prognosis  of  tertian  and  quartan  infections  is  almost 
ways  good ;  I  know  of  but  two  recorded  instances  of  pernicious  fever 
during  in  tertian  malaria  (French,  E^ving).  Spontaneous  recovery  is 
%  infrequent  in  tertian  fever.  Frequent  relapses  are,  hoAvever,  the 
k,  and  unless  thorough  and  persistent  treatment  be  carried  out,  grave 
chexia  may  develop.  Quartan  fever,  though  benign  in  its  numifesta- 
ID8,  is  peculiarly  tenacious,  relapses  often  occurring,  under  slight 
OTOcation,  through  long  periods  of  time.^  Under  treatment  with  quinine 
sovery  is  universal. 

^  Laiuuix  of  New  Orleans  has  shewn  me  several  interesting  charts  of  comhineil  iiitVctions 
h  fuaUria  and  yellow  fever  ;  his  communication  upon  this  subject  will  api>ear  sljortly. 
*  Thu«  Galen  {Glaucon^  ix.  ;  K'dhn^  xi.  25)  says:  "Among  the  interniitt«'nt.s  the 
rtest  and  most  tractahle  is  the  tertian  ;  tlie  lougest,  hut  tliat  which  is  jjer  .sr 
!  from  danger,  is  the  quartan."  —  iirl  tijkv  ovv  toU  didXciTrovatv  d^in-aros  tc  dfia 
iirttiKiimiTOi  6  rptraXbi  i<m  •  ^aKpbrarot  bk  koI  dKlvdvvot  6<tov  €<p*  iaiTi^  6 
tpreuot. 
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III  (vstiro- autumnal  fever  the  prognosis  depends  upon  the  gravin 
the  infection  and  the  duration  of  the  case.  If  untreated,  spontaiu 
recovery  may  occur,  but  the  development  of  grave  cachexia  is  comn 
and  pernicious  manifestations  are  by  no  means  unusual.  If  the  diagix 
be  made  early,  and  thorough  treatment  with  quinine  be  initiated,  l 
prognosis  is  perfectly  good.  If,  however,  pernicious  .v/mptoim  hi 
developed,  the  prognosis  is  always  extremely  grave.  An  abfiobb 
favourable  prognosis  cannot  be  given  until  at  least  forty -eight  bof 
after  the  beginning  of  treatment.  Not  infrequently  the  subsidence 
one  paroxysm  may  be  rapidly  followed  by  a  second,  which,  despite  J 
treatment,  may  prove  fatiil.  If,  however,  this  paroxysm  l)e  recown 
from,  a  favourable  prognosis  may  be  given  in  most  instances.  H 
presence  of  an  excessive  number  of  parasites  in  the  peripheral  circolitii 
in  the  interval  following  a  pernicious  paroxysm  is  of  gi-ave  ini|W 
The  converse,  however,  does  not  justify  a  corresponding  good  prognM 
inasmuch  as  there  may  be  a  relative  infrequency  of  parasites  in  thcpfl 
pheral  circulation  in  cases  of  grave  cerebral  manifestations  {ridf  p.  261 
Nor  does  the  disappearance  of  the  parasites  from  the  blood  under  tw 
ment  of  itself  justify  a  favourable  prognosis,  for,  despite  this,  t 
pernicious  paroxysm  may  continue  to  a  fatal  termination.  The  progno 
in  chronic  imdarinl  cachexia  is  usually  good  as  far  as  life  is  concemei 
the  condition  have  not  kisted  too  long,  and  if  the  patient  be  in  a  poatJ 
to  take  proper  therapeutic  and  prophylactic  measures.  Removal  tti 
healthy  non- malarious  district  or  proper  treatment,  even  at  home,* 
usually  be  followed  by  recovery.  Without  such  measures,  howc 
though  rarely  dying  from  the  malarial  cachexia  alone,  the  patient  fitt 
prey  sooner  or  later  to  some  secondary  infection — chronic  nephriw 
porliaps,  amyloid  disease.  The  prognosis  in  malariul  nephriti.^  is  as  a  r 
good,  although  chronic  ])rogrossive  changes  may  occur.  The  saraei^ti 
of  the  remarkable  nervous  phenomena  which  may  follow  malaria.  W 
proper  tr(;atnient  is  followed,  in  the  great  majority  of  instances,  by  ptf^ 
rocoveiy,  yet  such  cases  as  that  of  Spiller  suggest  that  permanent chao 
mav  remain. 

Treatment. — The  treatment  of  malaria  may  be  divided  into  (l)g«^ 
management,  ('2)  medicinal  measures. 

Gi'iu-ral  Manwjenuut. — Wherever  possible,  the  patient  should  be  < 
lined   in   bed   until    all    febrile    manifestations    have   subsided  and 
j)arasite.s    have    disappoarod    from    the    peripheral    circulation.     1 
unfortunately,  it  is  not  always  easy  to  enforce  this  in  mild  cases, 
some  l(;rtian  infections  rest  in  bed,  with  proper  diet  and  care,  JireJ 
suflicient  to  oti'ecl  a  temporary  or  even  a  permanent  cure,  and  there 
decided  dilforerice  l)etween  the  course  of  tertian  and  (jujirtan  infectioi 
intlividuals  who  keej)  about  their  business  and  in  those  who  submi 
a  period  of  a  week  or  several  days  to  thorough  treatment      Kest  in 
.should  be  insisted  nj)on  in  all  cases  of  a^stivo-autumnal  fever. 

l)uririg  the  short  cold  stage  of  the  i)aroxysm  the  imtient  shou 
made  a^  comfoi'table  as  possible.     Warm  coverings  are  allowable,  ev 


the  fever    have    already   begun.       Hj']>crpyrexia,    especially    in    sestivo- 

•uiumnal  fever,  where  the  paroxysms  are  of  longer  duration,  should  be 

nift  hy  cold  sponging  or  tub-baths. 

Ill  lertjan  and  ([uartan  fever  there  is,  as  a  rule,  no  occasion  fur 
modifying  the  diel.  In  the  more  severe  ffistivcmutumnal  fevere  the  lack 
nf  sppelile  and  general  prostration  of  the  patient  miiy  render  a  liquid  or 
«oll  diet,  consisting  of  broths,  soups,  milk,  raw  or  soft-boiled  eggs,  and 
the  Uke,  more  convenient.  If  there  be  no  gastro- intestinal  symptoms, 
Kiliil  foo<l  may  be  given  if  the  patient  so  desire.  Abundance  of  water 
should  he  allowed. 

UfdidiMl  Treaimml. — We  are  fortunate  in  possessing  a  drug  which 
^sercisea  a  true  specific  action  ou  malaria.  All  malarial  infections  yield 
Wi  quinine,  provided  treatment  be  instituted  in  time.  The  effect  of  the 
'inig  de|>end3  upon  its  poisonous  action  upon  the  parasites.  As  early  as 
1^467  Binz  correctly  concluded  that  tlie  efficacy  of  quinine  in  poludism 
tlepended  upon  it^  action  as  a  protoplasmic  poison  upon  some  lower 
or^nisTu,  an  hypothesis  based  upon  his  experience  concerning  the 
I'lHuence  of  quinine  upon  the  infusoria.  Various  observers  (Golgi, 
Mannaberg,  Romanovsky,  Marchiafava,  Bignami,  Baccelli,  Lo  Monaco, 
"ml  Pwiichi),  who  have  studied  the  changes  occurring  in  parasites  aftef 
liie  administration  of  quinine,  confirm  Laveran's  observation  that  the 
"TgNniams  rapidly  disappear  after  the  drug  has  been  taken.  This  is 
'me  of  all  forms  of  the  malarial  parasite  excepting  the  gametes,  especially 
tbou  of  the  lestivo- autumnal  organism  (ci'eBcentic  and  ovoid  forms), 
*hi<;h  may  persist  for  weeks  or,  rarely,  for  months  during  treatment. 
Tli«se  bodies,  however,  are,  in  ordinary  circumstances  at  least,  incapable 
'*'  giving  riae  to  the  asexual  cycle  of  the  pai-asite,  and  are,  therefore, 
narmlina  while  in  the  human  body.  Quinine  exercises  its  action  rapidly 
*"!  the  merozoltes  during  their  extra- corpuscular  and  earlier  intra- 
'^"rpuacular  stages.  The  mature  schizonts  are  more  resistant.  If  quinine 
!>«  introduced  into  the  circulation  at  about  the  time  that  the  parasites 
"We  resched  maturity,  it  will  not  prevent  the  segmentation  of  the 
fipening  group,  but  it  will  destroy  the  young  merozoltes.  If  it  be 
iiitroduced  into  the  circulation  in  sufficient  quantities  during  or  soon 
"''ot  the  paroxysm,  it  will  go  far  toward  destroj'ing  the  group  of 
P^fwiles  which  have  caused  the  fresh  infection.  In  order,  then,  to 
Jfcvent  the  further  development  of  a  group  of  malarial  organisnis, 
Siinirie  should  be  administered  so  as  to  be  present  in  solution  in  the 
|w»d  at  the  time  of  segmentation  or  during  the  earlier  part  of  the 
""fs- corpuscular  life  of  the  parasites,  that  is,  during  the  several  hours 
J^'ire  and  during  the  paroxysm,  and  during  the  twenty-four  hours 
"nmeiliately  following  it. 

Everts  <■/  Qiiinin-e  upon  lite  Human  Btinrj  (Cinehonism). — In  most  indi- 
*idnsU  ordinary  therapeutic  doses  of  quinine  are  without  seriously 
""pleasant  consequences,  producing,  at  the  most,  slight  tiruiitus  aurium 
""I  desfncas.  Larger  doses  produce  more  pronounced  deafness,  vertigo, 
•od  lieadache,  winch  may  be  severe.     This  is  followed  in  graver  cases  by 
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great   muscular   weakness,    tremor,   staggering   gait,    dilatation  of  the 
pupils,    amblyopia,    amounting    sometimes    to   total    blindness,  aDd,  if 
the  dose  be  large  enough,   finally  convulsions  and  death.      A  nomber 
of  cutaneous  disturbances  have  been  observed  after  quinine.     Urtioun 
and  scarlatiniform  erythemas  are  common  ;  the  latter  may  be  foUowvl 
by  desquamation.     There  are  great  variations  in  the  susceptibility  of 
different  individuals  to  the  toxic  effects  of  quinine.     Most  patients  m 
able  to  take  doses  up  to  grs.  v.  (0*325  gramme)  without  discomfort 
Many,  however,  suffer  from  tinnitus  aurium  and  headache  with  doses « 
large  as  from  grs.  x.-xv.  (0*65-1  gramme);  these  symptoms  are,  howcfff, 
transient  and  free  from  serious  consequences.     Occasionally  patients  i» 
met  with  who,   through   individual  idiosyncrasy,  shew  such  a  marW 
susceptibility  to  the  action  of  quinine  that  its  use  is  really  impoesibk 
In  such  cases  gastro-intestinal  symptoms  of  gi*eat  severity,  vomiting  tfd 
purging,  with  marked  urticarial  or  scarlatiniform  eruptions,  follow  er* 
the  smallest  doses.      This   susceptibility   usually  extends  to  the  otlw 
cinchona  derivatives.      These  cases  are,  fortunately,  very  unusual.   ' 
have  mot  with  but  two.     As  is  mentioned  elsewhere  (p.  294),  quinii* 
may,  in  rare  instances,  be  followed  by  haemoglobinuric  fever.     In  tbs 
vast  majority  of  cases  in  which  patients  assert  that  they  "  cannot  til» 
quinine,"  it  will  he  found  that  the  reason  for  the  prejudice  is  that  largtf 
(loses  than  necessary  have  been  administered. 

Jbsorjitha  find  Eliiniimtion  of  Quinine. — Quinine  is  rjipidly  absorbed'. 
it  is  eliminated  almost  exclusively  by  means  of  the  kidneys,  the  fii* 
truces  appearing  in  the  urine  from  15  to  17  minutes  after  ingestion,  aw 
the  greater  part  of  elimination  being  accomplished  within  the  fif*^ 
twcMity-foiu-  hours.  Mariani,  however,  has  shewn  that  eliminatioo 
continues  foi*  at  least  six  davs,  one-half  to  two-thiixls  of  the  molecule  of 
the  alkaloid  being  demolished  during  its  long  sojourn  in  the  tissues*  W 
a,s  to  n'Mcler  its  intermediate  or  final  products  unrecognisable.  ^ 
intravenous  administration  a  large  quantity  of  quinine  may  be  rapidly 
introdutcd  into  the  circulation.  I  have  seen  cinchonism  follow  within 
a  few  minutes  of  the  intravenous  introduction  of  grs.  xv.  (I  gramme) » 
the  acid  hydrochloride.  The  intra-muscular  injection  of  quinine  hasth* 
advantage  of  more  prolonged  action,  but  this  is  less  intense  because  » 
the  notsible  ([uantity  of  the  drug  which  is  precipitated  at  the  seat » 
inJt?ction.  On  this  precipiuition  depends  the  piiradox  that  to  "^ 
(luce  tiie  s;inie  etlcct  the  dose  of  (piinine  must  be  larger  when  given  b^ 
liv|>oderniic  injection  than  when  given  by  the  mouth.  The  al)sorpti* 
of  quinine  by  the  gastro-intestinal  mucosa,  although  A'arying  consideraMj 
in  its  rapidity,  is  usually  complete.  Fever  does  not  interfere  with  itt 
absorption  except  in  th(?  presence  of  special  gastro-intestinal  disturhancft 
Tli(i  :i(lniinistratioTi  of  quinine  at  the  time  of  a  meal  seems  to  promote  it* 
al)sorj>tion  into  the  general  circulation  ;  if  taken  with  food  it  appears  to 
remain  in  the  circulation  in  a  somewhat  higher  proportion  during  tb' 
secon«l  and  third  days  after  the  administration.  The  absorption  oi 
the  less  soluble  preparations  of  quinine  is  at  least  as  complete  as  that 


» 


of  ihe  more  soluble  salts.  Quinine  is  cumulative  in  its  action.  On  daily 
Rpetilioii  of  a  given  amount,  the  ive&h  dose,  euteiing  the  circulation,  is 
added  lo  the  active  residue  of  the  forniei'  doees,  so  that  the  amount  of 
quinine  in  the  veasels  arrivea,  within  the  first  week,  at  its  maximum 
lintit,  an  tunounl  such  aa  is  found  in  the  first  twenty-fom-  hours  only 
Kfter  the  ingestion  of  a  single  dose  equal  to  double  that  which  is 
administered  daily. 

pTtfUTitiiom  ami  Manner  of  AdmininlTaimi. — Of  the  various  suits  of 

quinine,  the  sulphate,  the   bisulphate,  and  the  auid  hydrochloride   are 

VOst  commotily  used.     The  sulphate  which  is  the  cheapi^st  salt  is  that  in 

pnenl  use,  and  is  thoroughly  satisfactory   for  ailministration  by  the 

"lonth.    For  hypodermic,'  intnivenouB,  or  rectal  administration,  the  more 

soluble  forms,  especially  the  acid  hydrochloride,  which  is  soluble  in  less  than 

i's  own  ((uantity  of  water,  are  more  suitable.     Quinine  is  best  absorbed 

"hen  administered  in  solution.      The  ordinary  sulphate  of  quinine  is 

'^^ily  rendered  soluble  by  adding  to  the  aqueous  mixture  one  drop  of 

'''lute  hydrochloric  or  sulphuric  acid  for  each  grain  (0-065  gramme)  of  the 

'"'t.    Thp  taste  is,  however,  very  bitter  and  unpleasant.     It  can  be  some- 

""bat  masked  by  preparations  of    ginger    or  chocnlate.       Quinine    may 

■duo  be  given  in  the  form  of  capsules,  tablets,  or  pills..    The  insolubility 

'"i<3  common  adulteration  of  quinine  pills  render  their  use  unsafe.     The 

^'oiiaisti'alion  of  quinine  tablets,  such  as  those  at  present  prepared  by 

'■^e   Italian   Government,  has  proved  very  satisfactory.     A  preparation 

^inowii  a*  eiiquinine,  the  ethyl  ether  of  quiiiine-carlxinic  acid,  was  placed 

^'I>oti  tlie  market  a  few  years  ago,  and  was  recommended  because  of  its  taste- 

'^ssness  ;  it  has  a  slightly  bitter  tASte,  but  much  less  so  than  quinine.     The 

dose  is  about  a  half  again  that  of  the  sulphate.     The  Italian  Government 

li-*s  \u«l  witli  great  success  in  ehiUlren  a  confection  consisting  of  a 

'"ixture  of  chocolate  and  tannate  of  quinine.     The  tannate  is  so  slowly 

■  '"■8'irbed  that  about  one-fifth  of  the  dose  escapes  with  the  fteces.     The 

'  •mn  should  lie  somewhat  more  than  twice  that  of  the  sulphate. 

For  hypodermic  use  the  acid  hydrochloride  is  the  most  satisfact^iry 
*^X,  although  the  bisulphatfi,  which  is  sobible  in  nine  or  ten  parts  of 
'*"Mer,  will  answer  in  an  emergency.  For  intravenous  adroinislration  we 
"*■*«  used  lh'>  following  solution  advised  by  Baccelli : — 

Acid  hyJrochlori'ie  of  quinine  grs.  xv.  (1  gramme) 

rtilariJe  of  Bodiuni  yr.  1 J  (Ol)7B  gramme) 

I>istillMl  water   .  jii^s.  (10  gnknimes) 

The  solution  should  be  perfectly  clear,  and  may  be  injected  luke-warm. 
*™  rectal  administration  of  quinine  is  rarely  necessary,  and  is  rather 
""WtiBfactory.      Ileadily  soluble  salts  shouUl  bo  used. 

There  has  been  much  discussion  as  to  the  time  at  which  quinine 
'TOUld  he  given.     The  answer  depends  upon  the  nature  of  the  case,  and 

In  Uif  hypoilemiiv  ndmiuiiitrilion  nf  quiniin;  It  i>-  eitreniely  iaiportant  to  lEtrodutB 
■ '■"II*  Jeeply  :  iulr»-tiiiis«iilar  injeoHom  are,  imlni'd,  Mter.  Superficial  iuji-ctiouB  b™ 
"""  MWrf  by  p«iiifnl  and  rlisBguring  necroMB  of  the  pfciu. 
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upon  what  one  desires  to  accomplish.  Single  large  doses  of  qiunine  \fj 
the  mouth  have  the  best  effect  if  given  three  to  four  hours  before  tie 
onset  of  the  paroxysm.  This  docs  not  prevent  the  impending  paroxrsB 
but,  by  destroying  a  large  part  of  the  group  of  organisms  resulting  fron 
the  segmentation  of  the  mature  generation,  prevents  its  recurrence.  It 
is  at  about  the  time  of  the  paroxysm,  immediately  preceding,  during 
and  following  it,  that  the  most  vigorous  treatment  should  be  given  in 
cases  where  such  methods  are  necessary. 

Treatment  of  Tertian  and  Quartan  Fever, — The  patient  should  be  ptf 
to  bed  if  possible.  He  should  be  assured  that  the  results  of  treatment 
will  be  much  more  rapid  and  complete  if  he  be  willing  to  give  up 
business  for  a  few  days.  As  a  rule,  it  is  quite  sufficient  to  administer  tf 
regular  intervals  from  grs.  ii.-v.  (0*12  to  0*325  grm.)  of  the  sulphate  d 
quinine  three  times  a  day,  when  possible  after  meals.  Most  tertitt 
infections  yield  readily  to  doses  as  small  as  grs.  ii.  (0*12  grm.)  three  tiioei 
a  day.  If  the  paroxysms  have  been  severe  it  may  be  well  to  give  a  brp 
dose  of  quinine,  grs.  x.-xv.  (0*65-1  grm.),  three  to  five  hours  before  tlie 
next  att-ack  is  expected.  If  the  patient  be  seen  during  a  paroxysni,ft 
single  dose  of  grs.  v.  (0*32  grm.),  given  immediately  after  defervescentti 
especially  if  followed  by  regular  treatment,  is  usiiaUy  sufficient  to  preveal 
further  symptoms  on  the  part  of  the  segmenting  group  of  parasites 
After  three  or  four  days'  treatment  it  is  generally  well  to  reduce  the  dou 
to  grs.  ii.  (0*12  grm.)  three  times  a  day.  This  treatment  should  then  be 
continued  for  at  least  three  weeks.  If  the  patient  insist  on  remaining ip 
;ind  about,  it  may  be  necessary  to  continue  larger  doses,  grs.  v.  (0*325  grm.) 
three  times  a  day  for  as  much  as  ten  days,  although,  in  most  instanceir 
grs.  ii.  (012  grm.)  every  four  hours  will  be  quite  sufficient.  Considerably 
larger  doses  are  necessary  when  the  patient  is  up  and  about  than  whet 
he  is  in  bed.  The  parasites  disappear,  usually,  from  the  blood  in  fro« 
twenty-four  to  seventy-two  hours  after  the  beginning  of  treatment 

Treatment  of  yEdivo-autumnal  Fever. — The  patient  should  be  confiii*^^ 
to  V)ed  until  the  fever  has  gone,  and  all  traces  of  the  asexual  cycle  of  tb* 
piirasite.s  have  disappeared  from  the  circulation.  In  ordinary  cases  j^ra^- 
(0'3*jr)  grm.)  of  the  sulphate  of  (piinine  every  four  hours  is  a  sufficient 
dose.  This  shouM  be  continued  usuallv  for  about  a  week,  the  dose  beinf 
gr.ulually  reduced  until  at  the  end  of  about  ten  days  the  patient  is  takin? 
grs.  ii.  (0*1*2  grni.)  of  quinine  three  to  four  times  a  day.  This  treatment, 
as  in  tertian  and  quartan  fever,  should  then  be  continued  for  at  least  thre^ 
weeks.  If  relapses  occur  the  dose  should  bo  increased  again.  If  tk 
paroxysms  are  severe,  from  grs.  xv.-xx.  (1-1*3  grm.)  may  be  given  at  tbe 
outset  and  a  few  hours  before  the  time  of  onset  of  the  next  expected 
recurrence. 

Manv  observers  recommend  the  intermittent  administration  ot 
(luinine,  large  doses  of  the  drug,  grs.  x.-xxx.  (0*65-2  grm.),  being 
a<lniini>terod  during  the  period  of  apyrexia  from  three  to  five  horni 
before  the  expected  paroxysms,  for  three  or  four  days,  grs.  xv.  (1  grm.), 
being  repeated  every  six  or  seven  days  for  a  month  or  more  afterfk'nrdi 


Koch,  in  order  to  avoid  relupses,  advises  the  adminiatration  of  gre.  xv. 

l(l  gnn.'l  of  r|iiimne  about  every  seven  daj's  for  two  days  in  aiiccesaion, 

I  this  treatment  being  continued  for  two  niontha.     Without  the  l>enetit 

f  romparative  etatistics  of  our  own.  we  have  always  beeu  under  the 

Kinpreasion  that  the  results  of  continuous  treatment  were    more    satis- 

Mtory  than  those  of  intermittent.     The  demonstration  of  the  cnmula- 

ttive  action  of   the  dnig  by  Manani  supports  this  method  of  treatment 

I  tlieoretiealiy,    while    practiwiily    the    prophylactic    results  of   continued 

I  »dminislration  of  the  drug  are  more  satisfactory  (Celli).     In  pemirifus 

i,  most  vigorous  treatment  is  demanded  from  the  onset.     The 

leid  hydrochloride  of  quinine  shoidd  be  given  intravenously  in  doses  of 

IjTs.  XV.  (I  grm.).     This  dose  may  be  rejjeated  if  necessary,  several  times 

■  ■t    intervals  of  four  hours,      The  treatment  will  usually  prevent   any 

I  further   dangerous   manifestations  from    the    segmenting  generation    of 

pftrasit«s,  although  it  may  be  that  a  severe  and  even  fatal  paroxysm,  due 

to  another  group  of  organisms,  may  occur  within  forty-eight  hours.    If  the 

F*^r»siteiB  remnin  present  in  large  numbers,  from  grs.  v.-x.  {©■325-0-65  grm.), 

•"■    the  sulphate  or  acid  hydrochloride  should  be  administered  by  the 

Womh  when  possible,  every  four  hoiu-a  during  the  first  twenty-four  hours 

following  the  paroxysm.     If  the  patient  remain  unconscious,  grs.   xv, 

fl    ^nu.)  should  be  given  intravenously  every  six  to  eight  hours,  until  the 

[larasitea  begin  to  disappear  from  the  blood,  when  the  dose   may  be 

''^♦Inced  to  grs.  v.  {0'325  grm.)  every  four  hours.      In  cases  in  which  the 

)'-'it.ient  asserts  that  he  cannot  take  quinine,  its  administration  in  smaller 

iianiity  or  hypodermically  will   usually  accomplish   the  desired  result 

'''ithout    serious    discomfort.      Many   patients  who    are    unpleasantly 

'■'t^cbonised  by  doses  of  grs.  x.  (0'65  grm.),  or  even  grs,  v.  (0-325  grm.)  of 

'h«i  sulphate  may  be  successfully  treated  if  put  to  bed  and  given  small 

>»nouiit6,  grs.  i.-iii.  (0"065-l>'2  grm.),  at  regular  intervals.     Quinine  is 

""->ntrB- indicated  only  in  those  rare  cases  in  which,  through  special  idio- 

•ytKTMy,  violent  symptoms  follow  even  the  smallest  doses.     In  these 

iiisumces,  which  are  happily  rare,  the  patient  ahuuld  be  removed  to  the 

"^oti  hcfdthy  region  possible ;  absolute  rest  in  bed  should  bo  insisted 

••IKin,  and  treatment  with  methylene  blue  employed. 

Viuious  other  drugs  have  been  used  in  the  treatment  of  malaria. 
'"  cw,  however,  deserve  serious  mention.  Other  nncfuma  derivalwcs  such 
**«  "ichonin,  dnehonidin,  quinidin,  and  quinvjdi'i  have  been  recommended. 
»  heir  efficacy  is,  however,  far  less  than  that  of  quinine,  and  the  occasions 
""  their  use  are  limited. 

-Methylene  blue  was  shewn  by  Guttroann  and  Ehrlich  to  have  a  certain 
^ti-iu:ilarial  action.  My  own  experience  confirms  that  of  most  observers 
"'«  its  efficacy  is  far  below  that  of  quinine,  and  uncertain.  I  have  seen 
*  ''elapse  occur  in  bed,  under  continued  treatment.  I  have,  however, 
rf^  it  with  success  in  tertian  infection  in  an  individual  with  an 
lioaj-ncrasy  against  quinine,  the  patient  having  been  previously  removed 
.*^  1  healthy  mountainous  region  and  confined  to  bed.  It  may  be  given 
^'  i^ptules  in  doses  of  from  grs.  ii.-iii.  (0-13-O-2  grm.)  every  four  hours. 
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The  strangury,  which  so  commonly  follows  its  ingestion,  may  be  relievedi 
by  the  administrntion  of  small  quantities  of  powdered  nutmeg.  Phenoooll, 
about  which  much  has  been  written  bv  Italian  authors,  is  of  little  vtlofli 
The  same  holds  good  for  the  various  arsenical  preparations  such  as  tlis 
arrh^nal  of  Gauticr.^ 

Symptornntic  I'reaiment. — Various  manifestations  require  symptonatk 
treatment.  Vomiting,  purging,  excitement  or  delirium  during  ths 
parox3'^sm  may  be  controlled  by  hypodermic  administration  of  morphiiM. 
In  collapse  during  pernicious  paroxysms,  active  stimulation  must  bi 
resoited  to.  Alcohol,  strychnine,  or  digitalin  may  be  freely  administerel 
During  an  algid  paroxysm  heat  should  be  applied  externally,  whik 
subcutaneous  infusion  of  saline  solution  may  be  of  value.  Hyperpyrexk 
should  be  treated  by  cold  sponging  or  baths.  Ansemia  following  makm 
should  be  treated  by  rest,  diet,  iron,  and  arsenic. 

Chronic  Malarial  Cachexiu. — The  patient  should,    if  possible,  be  re- 
moved to  a  healthy  locality  or  at  least  placed  at  home  in  conditions  siich 
as  to  remove  him  from  sources  of  further  infection.     An  attempt  shooM 
then  be  made  to  eliminate  an  existing  infection  and  prevent  relapses  br 
the  administration  of  small  doses  of  quinine,  grs.  ii.-iii.  (0*1 3-0*2  grm.) 
throe    times   a   day.     If   there   be   grave   anaemia   he    should    be  kept 
absolutely  at  rest,  and,  as  far  as  possible,  out  of  doors.     Exercise  should 
be  forbidden ;  the  diet  should  be  nourishing  and  simple ;  massage  ind 
hydrotherapy  are  often  of  considerable  benefit.     The  ansemia  should  be 
treated  by  iron  and  arsenic.     No  preparations  of  iron  are  as  good  in 
the    treatment  of   ana?mia   as    the    tinct.   fern    perchloriili   (tinct.  fcni 
chloridi  U.8.P.),  and  pilula  fern  (pil.  ferri  carbonatis  U.S.P.). 

There  is  nothing  si)ecific  in  the  treatment  of  post-malanal  nephritii; 
or  of  the  various  complications  of  the  disease. 

Personal  Prophylaxia. — As  the  important  question  of  public  prophr 
laxis  is  considered  by  Prof.  Itoss,  it  is  necessary  to  juid  a  few  ironis 
only,  with  regaixl  to  those  personal  measures  which  should  be  adopted 
by  individuals  who  are  obliged  to  live  in  a  nuiLirious  locality.  Ke* 
measures  are  mechinical  and  undirinaL  The  former  consist  in  p^ 
cautions  to  avoid  the  bites  of  infected  mosquitoes.  In  dangerous  regiotf 
mosquito  netting  should  always  be  carried,  and  used  in  mrh  a  uvptM 
mosfiuitorsauinoi  enter  \  for  an  improperly  used  net  is  as  bad  as  none  at  JL 
If  one  be  obliged  to  expose  oneself  among  infected  mosquitoes  it  is  w 

*  Tlu-re  arti  few  luore  discoura^nj?  illnstratious  of  the  weakness  aud  fallibility  of  bun* 
jiuljfni«"nt  tlian  Ihosr  rrvi-alecl  by  a  review  of  the  literature  appeariug  every  year  conceni* 
new  renieclies  for  malaria.     He  who  attempts  to  study  the  therapeutical  effects  of  admc* 
malarial  fever  .sh«)uM  read  and  take  to  heart  the  classical  exi>erience  of  Choinel  quoUrU^ 
Laveran  from  'IVotis^erni  and  Pidoux.     Chomel,  wishing;  to  test  the  properties  of  a  poifi* 
nf  holly,  <:lM)se  twrnty-two  ])atients  sulFerin^j  from  intermittent  fever,  but  Wfore  giving  tW  | 
powder  in  (pie-'^tion  lu'  \)\i\  them  under  simple  ex])cctant  treatment.     Niueteen  recoriK^ 
spontaneously.     Of  the  remainin.i:  three,  one  had  a  quartau  fever  and  two  quotiduui.    Tte 
powdered  holly  was  administere<l  to  those  patients  without  effect  ;  all  recovered  quickly 
under  (piinine.     If  at  the  outset  (.'honiel  had  given  the  powder  of  holly  to  his  twenty-tiN 
patients  it    mi^ht  have  l>een  concluded  that   it  had  cured  the   fever   in   luueteeu  ont  ol 
twcntv-two  instances. 


>  wear  a  hat  provided  with  a  net  such  as  that  devised  fur  the  raiiroad 
mployees  in  Italy,  nnd  to  protect  the  ankles  with  gaiters,  and  the  bands 
P«rith  glovea. 

The  mMidnal  measures  conaist  in  the  use  of  quinine.  There  is  no 
I  doubt  of  the  ^'reat  vahie  of  quinine  as  a  prophylactic,  but  there  is  con- 
sider&hle  difl'erence  of  opinion  as  to  the  best  method  of  administration. 
I  <iood  resuttfi  have  l>een  reported  from  the  use  of  daily  doses  of  from 
I  grs,  iss.-iiiss.  (O-I-0'23  grm.),  while  others  prefer  giving  larger  doses  with 
I  HHvenU  days'  intermission,  grs.  vJisa.-icv.  (0-5-1  grm.)  every  four  to  eight 
I  daya  Experiments  on  a  large  scale  carried  out  by  the  Italian  society 
I  for  the  study  of  malaria  shew  that  a  daily  portion  of  about  grs,  vi. 
I  (0-4  grm.)  of  quinine  is  better  bonie  and  gives  more  satisfactory  results 
I  than  larger  intermittent  doses — an  observation  whii:h  is  also  in  aceord 
]  with  the  conclusions  of  Marianj  us  to  the  cumulative  action  of  the  drug. 
Arsenic  is  of  no  value  as  a  prophylactic. 
^  W.  S,  Thaa-er. 
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n\td.  Paris,  1905,  xxv.  433435.  ->|12.  Goldhorn,  L.  B.  "  A  New  and  Rapid  Method 
of  St-aining  the  Chromatin  of  the  Malarial  Organism  ;  also  a  Report  on  Chaap 
ohsfrvi'il   in    Erythrocytes  containing   such  Paiasites,"  Proc.    N.    }ork   V*tth.  riti 

.1901,  n.  s.  i.  7-1  i. — 113.  Idem.  ]*  Observations  on  Malarial  Parasites,"  Proc  X.  I'jrl 
Path.  Soc,  1902-3,  ii.  89-94.— if 4.  Gosio,  B.  "Die  Bekiimpfung  di-r  MaUriiii 
der  Maremnia  Toscana,"  Ztsdir.  f.  Ilyg.    u.  Ivfedion^krankh.     Leipzig,   1903,  xliil- 

.Ifie^O."*.— vW5.  GuAssi,  Bastianeli.i,  and  Biunaui.  *'Ciclo  evolutive  «lfll« 
semiluno  nelT  Auoph(des  claviger,  etc."  Ann.  d'  Ig.  sjtcr.  Roma,  1899,  n.  s.,  «• 
258.— 116.  GrAisN'iEKi.  "  Ricerche  sulk-  alterazioni  del  fegato  iiella  infenoM 
d»?ll;i  malaria,"  Atf'  r.  Accnd.  med.  di  Rmna  (1886-87),  1887,  iii.  247.-in. 
IIastinu5,  T.  AV.  »*  a  Metho<l  for  Preparing  a  Permanent  Nochi'M  Stain  (Xocbt- 
.Jeiiner  Stain)."  Jvar.  Ei'prr.  Med.  >f.  Y.,  1905,  vii.  265-279.-118.  HluHlt 
**  Malarial  Perijilufral  Xeuriti.s,"  Jour.  Trop.  Med.  London,  1898-9,  i.  92.— 119.  Hi«. 
*' Notes  oiil7S4  Cases  of  Malaria,"  Jour.  Trop.  Med.  London,  1904,  vii.  182.— 1ft 
IwANOKF,  A.  ''TJober  die  Veriindcrungen  der  Malariaiiarasiten  wiihrend  den  Metby- 
lenblaulH'handlun^,*'Z>«:u/.'«t7^<;  incd.  U'chnschr.  Leipzig  u.  Berlin,  1901,  xxvii.  281-2^ 
—121.  Jackson,  J.  M.  *'Some  Ca.ses  of  Malaria  acconi]>anied  by  Acute  AbdomlHl 
Symi»toms,"  Bo!<ton  Med.  Soe.  Jour..  1902,  cxlvi.  692-693.— 122.  Jaikson,  T.f 
"  Com>erning  th(^  Invasion  Period  of  the  Malignant  (.£stivo-autumnal)  Tertian  Mabtiii 
Parasite,"  Ameriean  Medicine,  1904,  viii.  67.-123.  James,  S.  P.  "  Finit  Reiwtrf 
the  Anti  -  malarial  0]»orations  at  Mian  Mir,  1901-3,"  Calcutta,  1903.  Foi* 
No.  6,  U.S.,  of  Seiciif.  Mem.  Med.  Off.  Imiiet,  Calcutta. — 124.  jAKr.>i\  S- 
**  Uebertiiif*  in  der  UniviT-sitiits-Klinik  cntstandt-ne  Malaria -Hausendeiuie,"  Deut^ 
Areh.  J.  klin.  Med.,  1903,  Ixxvi.  474-502.-125.  Idem.  "  Unter»uchuiigeu  iiber  & 
WeittTent\vick«lung  d»'r  Malaria-jtarasiton  in  den  Anopheles- Arten,"  Pest,  med.-tkif' 
Presse.  Budapest,  1904,  xl.  872.— 126.  Idem.  "  Zur  Frage  der  Infektion  der  Abo- 
phelos  clavii^iT  mit  Malariaparasiten  bei  niederer  Temperatur,"  Cctttralbf.  /.  Hakiend- 
cfe.,  I  Abr.  J.iia.  1904,  xxxvi.  624-629.— 127.  Idem.  "Der  Einfluss  der  Tern jwriOp 
auf  die  ;;esi'hh*i'htlieho  Oenemtionrutwickelung  der  Malariajiaratfiten  uud  aiif  <li( 
rxjK'rimunti'lh*  Malariatrkranknng,"  Centrnffd.  /.  Bakt.,  etc.,  I  Abt.  Orig..  IJfl^ 
XX X viii.  650. —  128.  Kix<;.  '•  Insists  and  Disease:  Mosquitoes  and  Malaria,"  ff- 
Sc.  Mi'uth.  N.  Y.,  18S3,  xviii.  614.-^129.  Kocii.  *' LMwr  die  Entwiokelung  "i* 
Malariaparasit».Mi,"  Zcitnehr.  /.  Ifiig.  n.  Inf'kfi'ntskr.,  1899,  xxxii.  1-24.— 13* 
Idem.  "  Krsii'i-  ruTJcht  liber  die  Thatigkeit  der  Malariaexi>edition,"  IkuiicJie  we^ 
ll'rhnnehr..  l^i)i»,  xxv.  601.-  -131.  Idem.  '^Zweiter  Bericht  tlber  die  Thatigkeitdtf 
Malaria.'xjK'ditinn."'  Ikvtsehc  med.  Jl'ehnsehr.,  1900,  xxvi.  88.-132.  Idem.  "DritW 
Beri«'lit  wih'V  die  Thiitigki'it  d«'r  MalariaexiMjdition."  i>fw<*tfAf  med.U'ch-nschr.,\^ 
xxvi.  206.— 1'.:;.  Lhm.  *'  Viortcr  Beridit  iibfrdie  Thiitigkeit  dor  Malariaexpeditios.' 
I>eiitsehr  nod.  U'ehuschr.,  1900,  xxvi.  397.— 134.  Idem,  "Fiinfter  Bericht  iilw  * 
Tliati;,'kcit  d^r  M.ilnna('Xp«;dition,"  Deutaelw  med.  Wchivschr.  1900,  xxvi.  541.— 1^ 
/#////!.  '•  S'liliHsbrricht  iilxT  die  Thatigkoit  <ler  .Malariaexi)cdition  dea  Geh.  Med. 
Rith:^.  Prof.  Dr.  K.kIi,"  Deutsche  med.  Wchuschr..  19(i0,  xxvi.  733.— 136.  /A* 
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Zfs.'he.  f.  n<ni.  //.  Infretionshrnukh.  Leipzig,  1903,  xliii.  1-4.-138.  KClz.  "Dk 
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A.     •■  Larrhiiial  i-st-il  an  spOciliquc  du  paludisnu*  \"   Bull.  Acad,  d.   mid,      l*4ri* 
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1902,  8  s.,  xlviii.  577-582. — 141.  Idem.     ''Anopheles  et  paludisme  k  Madagascar; 

pffophylaxie  da  paludisme,"  Bull,  Acad,  de  m^d.      Paris,  1904,  3  s..  Hi.  197-218. — 
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\    della  China,"  Attid.  Soc.  per  gli  stud.  d.  malaria.     Roma,  1904,  v.  151. — 156.  Idem. 
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I     Cour.  Med.,    1902,    xxvii.     81-86.-164.    Idem.       "An    Observation    shewing    that 
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^    *'*Wia,"  Jour.  Trop.  Med.      London,  1904,  vii.  214.-167.  Nuttam,  Cobbett,  and 

Jr    JJUxoEWAYs-PiGO.       "Studies    in    Relation    to    Malaria.       I.  Tlie    Geographical 

^    Jwtribution    of   Anopheles    in    Relation    to    the  former  Distribution   of  A*2u«»   in 

*    fiiwland,"  Jowr.    of  Hygiene,       Cambridge,    1901,    i.   4.-168.    Oslek.      "A   Case 

?     *f  Multiple  Gangrene  in  Malarial  Fever,"  Johivs  Hopkins  Hosjk  Bull.,  1900,  xi.  41. — 

»     1*59.  Panichi,  L.     "  Contribute  alio  studio  delle  disartrie  e  della  miastenia  da  causa 

f      ^MoL,"  Policlin.     Roma.  1901,  viU.-m.  266-275.-170.   Panse,  O.      "Die  Malaria 
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''Malarial  Fever  in  Infancy,  probably  Maternal  in  Origin,"  Johns  Hopkins  Ho.y).  Bull.^ 
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Hospital,"  Bec/frds  of  Egyptian  Oovcmmerit  School  of  Med.     Cairo,  1904,  ii.  45-65. — 

174.  Regis,  E.     "  Psycho-nevroses  et  psychoses  du  paludisme,"  Buff.   we'd.     Paris, 

1905,  xix.  615-617.— 175.  Reinhart>t,  G.    F.       "Malarial   Nephritis,"  Calif.   State 
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Jour.  Metl,  Siiii  Frducisco,  1904,  ii.  215. — 178.  Rem  Picci.  "  SuiU  lesioni  renali  nefii 
iiii'ezione  nialaricd,'  PoHclin.  Roma,  1898.  v.-m.  197. — 177.  Reuter,  K.  '*L*«hff 
<1pii  farbenden  Bestandteil  der  Romano wsky-Xochischen  Malariaplasmodienfarbiut 
seine  Keindarstellinig  und  praktisclie  Verwendung,"  CetUrafbl,/.  BuJUtriol.  Poranim. 
Jena,  1901,  xxx.  248-256. — 178.  RiVA-Roori.  '*  Due  casi  di  eritema  nodose  jaIiMr,* 
Oftzz.  i/ictf.  di  Torino,  1900,  li.  341. — 179.  Idem.  "  La  malaria  cronicA  nell'  infiim' 
f^azz.  nud.  di  IWhw,  1900,  li.  961,  981  ;  1901,  lii.  21,  101.— 180.  Riva.s.  D.  -D* 
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viii.  297,  307.— Ib2.  Russ, 'R.  **Dcr  Autheil  Koch's  an  der  Malariaforscbang," 
Deutsche  med.  Jf'chn^chr.  Leipzig  u.  Berlin,  190:i,  xxix.  944.— 183.  SAgUEPtE  rf 
Doi'TEii.  **I)es  mWrites  pilustres,"  AVr.  de  mtd.  Paris,  1900,  xx.  340,  468.-:>L 
Sambox.  '*Thc  History  of  Malaria,"  iVffc^jito/itfr.  London,  1901,  Ixvi.  348.-135. 
S«;haui>inn'.  "Stiidieu  iiber  Krankheits-errogende  Protozoen,"  ArbHtcn  a.  II 
GnmdhtsunU.  19'J3,  xix.— 186.  Idnti.  "  Die  Malaria  in  dem  Dorfe  St.  Michele  di  Lw 
in  Istrien  und  ein  Vorsuch  zu  ihrer  Bekiimpfung,"  Arb.  a.  d.  k,  GesHdhisauit.  Bdii 
1904,  xxi.  403-475. — 187.  Schupfeii,  J.  M.  *' Paludisme  et  nevroses  (R«v.  wn.)," 
Mrd.  hwd.  Paris,  19D2. — 188.  Schipfer,  F.  "Ulteriore  contribute  alio  studio ds 
rlisturbi  nervosi  e  delle  nevriti  nialariche,  con  ]»articolare  riguardo  alia  loro  »!► 
gouesi," /V/f/m.  Roma,  1902,  ix.-m.  193-216.-189.  SePvGENT,  E.  and  E.  "Cn- 
l>agne  antipaludiquc;  en  Algcrio  (1903),"  Affi  d.  Soe.  per  gli  stvdid.  mnlarui.  BoM^ 
1904,  V.  301. — 190.  Idem.  '*  Essai  de  campagno  anti{)aludique  selon  la  ni^cbodedi 
Kooh  (Ijac  d(*  Grand-Lieu)  (1903),"  Atti  d.  Soc.  per  (jU  studi  d,  malaria.  Roma,19H 
V.  335. — 191.  Ii^ni.  *^  Anopheles  ahjeriaisis  ct  Myzomyia  hispanioln  convoirat  k 
juludisiiiM,"  Conipt.  rend.  Soc.  dc  hiol.  Paris,  1905,  lix.  499. — 192.  Idem,  £tad» 
fpidtf'niiologiques  et  prophylactiques  du  piludisme  en  Algerie  en  1904,"  Jtti't  Afc 
prr  ijll  sttul.  d.  iiudarM.  Roma,  1905,  vi.  105.— 193.  Sewell,  E.  P.  "  Auti-Maliiiil 
Operations  at  Mian  Mir,"  Jour.  Roy.  Army  Med.  Corps.  London,  1905,  v.  182-131- 
194.  SiONOiiKLLi,  Ancklo.  Tahc  c  malarui.  Confributo  alio  stitdio  drlle  assodeam 
murhosc  ill  ijencre.  Roma,  1904,  i.  ;  Artero. — 195.  Smith,  T.  "The  SofflW 
favouring  Conditions  and  Prophylaxis  of  Malaria  in  Temperate  Climates,  *itk 
special  reforenco  to  Massachusetts,"  Boston  Mai.  awl  Surg.  Jour.  1903,  cxlix.  57,fi. 
115,  139. — 196.  Simller.  "A  Case  of  Malaria  presenting  the  Symptoms  of D* 
seminated  Selurosis,  with  Necropsy,"  Am.  Jour.  Med.  Sc.  Phila.,  1900,  cxx.  62St- 
197.  Stephens,  J.  W.  W.  '*  Native  Malaria  and  Malarial  Prophylaxi.s"  C?iiiA 
London,  1902-3,  iv.  273-283.— 198.  Idem.  "  The  Prophylaxis  of  Malaria,"  JoHr.  Tnf> 
Moi.  London,  1904,  vii.  253. — 199.  Stephens  and  Chkistopheur.  "SummtfJ^ 
Kosean-liL's  on  Native  Malaria  and  Malarial  Prophylaxis;  on  Blackwater  Fever: to 
Natun-  and  Prophylaxis,"  Thompson- Vales  and  Johtt-ston  Lab.  Heps.  n.s.  vol.  v.  iMIi 
221.— 200.  Steiber.  **Malariainmiunitiit  und  Kindersterblichkelt  bei  deu  Eiif 
borenen  in  Deutsch-Ostafrika,"  Deutsche  med.  jrehnsehr.    Leipzig  u.  Berlin,  lOOStXi* 

"  Le  |>aludisme  aux  Inden  'Seerl&nd&isetif"  Alt.  d.  Soc.  fir ll^ 
a,   1904,   V.   259.— 202.ATHAYER,  W.  S.     "On  Nephritiirf 
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Malariil  Origin,"  Am.  Jour.  M*d.  Sc.  Pliila.,  ^898,  n.s.  cxvi.  560,  646.— 208.  /*» 
""  Roront  lnvesti;,'ations  concerning  I  he  Hiematozoa  of  Malaria,"  Med.  Reg.  Richmoii 
1899,  iii.  24.J.  —204.^  Idem.  *'  On  Recent  Advances  in  our  Knowledge  conceming*k» 
.Etiology  of  Malarial  Fever,"  Tr.  Cony.  Am.  Phys.  and  Surg.  N.  Haven,  1900. t.5^ 
—205.  T«>i)i>.  "Malignant  Malaria  with  Urticarial  and  Petecliial  Eruptions," /f- 
Troj,.  M.d.  Lond.,  1900,  iii.  30.-206.  Torti  and  Anoelini.  **Infezione  iiitliri? 
ironic.i  coi  sintonii  della  sclerose  a  jilaeche,"  Pi  far  ma  vied.  Napoli,  1891,  vilpti 
817-^2.''.  —207.  Vaccari,  A.  "  Lc  manifestazioni  cutaneo  da  malaria,"  Oazz.i'*^ 
Milano,  1903,  xxiv.  141. — 208.  Vacedes.  "  Die  Malaria  unserer  Kolonien  im  lic^^ 
der  Koohsohen  Forsc^hung,"  Festschr.  z.  00  Gcburtst.  von  Robert  Koch.  Jen*,!'^ 
177-202. — 209.  Wexolam).  **  Ueber  Chininproj^hvlaxe  in  Neuguinea,'*  An^P 
Srhijfa.u.  Tropcn-I/y,/.  Leipzig,  1904,  viii.  431-454.-^210.  Williamson.  "Stawti* 
of  Blood  Kxn  mi  nations  in  Cases  of  Malaria  in  Cyprus  during  a  Period  of  T«Jj 
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THE  PUBUC  PROPHYLAXIS  OF  MALAKIA 

By  Prof,  BosALD  Ruas,  C.E,  F.R.S.,  LL.D.,  U.Sl-.,  Ul'.H. 

TB8  modern  prophylaxis  of  malaria  is  based  ui>on  the  following  leading 
bcB  nsccruined  since  1897:  firat,  ihat  ihe  hiemocytozoa  which  cause 
ihe  (lisciise,  when  ingeated  by  certain  species  of  gnats  of  the  sub-family 
AnophcliniB,  undergo  further  development  in  tliem,  ntid  then  after  more 
lUii  H  week  pass  with  the  insects'  salivary  secretion  into  the  blood 
.Sf  fresh  human  hoEta;  seconilly,  that  these  insects  breed  mostly  in 
Wropriate  terrestrial  waters  in  warm  climates — thus  explaining  the  old 
iSoram  that  malarial  fever,  or  paliidism  as  it  is  often  called,  is  connected 
nuvrshy  areas.  No  vnlid  evidence  and  arguments  have  yet  been 
Ivwiced  in  favour  of  the  view  that  the  disease  can  be  produced  in  any 
""srway.      Hence  a  number  of  methods  for  checking  or  suppressing  it 

be  suggested.      If  tht-  parasites  are  assiduously  destroyed  by  means 

iiuinine  in  most  of  the  patients  in  a  locality,  it  follows  that  the 
■owjuitoes  will  not  become  infected  from  them  and  will  not  therefoi'e 
BiWt  others,  though  they  may  be  as  numerous  as  before.  Secondly,  if 
knithy  persona,  such  as  EiUNDpeans  newly  arrived  in  tie  tropics,  take 
»fe  Ui  live  at  a  distance  from  infected  people,  such  as  native  childien  (a 
"fgD  percentage  of  whom  often  harbour  the  parasites),  then  they  are  less 
lilwiy  to  be  bitten  by  mosquitoes  which  have  infected  themselves  from  the 
l»M«r.  Thirdly,  precautions  against  the  bites  of  mosquitoes,  ra  by  the 
Wvful  use  of  mosquito-curtains  and  wire-gauze  screens  to  the  windows, 
Viut  largely  reduce  the  chances  of  infection.  Fourthly,  deslnictjon  of 
''»  Iiirvw  of  the  ineecta  or  obliteration  of  their  breeding- pools  will  have 
'm  xtme  effect  by  reducing  the  numlwr  of  carrying  agents  in  a  locality. 

But  a  mere  enumeration  of  these  methods  is  not  sufficient.  All  of 
tlitm  involve,  for  public  prophylaxis  at  least,  expenditure  of  labour  and 
•""•ley,  and  also  demand  a  knowledge,  not  only  of  this  particular  subject, 
'•I't  erf  public  health  matters  in  general.  It  woidd,  of  conrao,  be  Ijest  to 
"fflplny  all  the  methods  simultaneously,  but  few  malarious  areas  possess 
"itfiaent  public  funds  for  this,  and  the  Health  Officer  is  therefore 
jcDerally  compelled  to  consider  carefidly  which  of  them  he  will  adopt. 

The  first  method,  which  is  essentially  that  used  for  the  prevention  of 
""•By  communicable  diseases,  namely,  the  detection,  isolation,  and  treat- 
"""II  of  the  sick,  is,  in  the  case  of  malaria,  difficult  for  large  civil 
""nmunities.     Tn  extirimte  the  parasites  iTi  a  patient  demands,  let  us 
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say,  four  months'  assiduous  cinchonisation  ;  and  in  many  malarious  town 
a  large  percentage  of  the  natives  and  nearly  all  the  children  majk 
infected.  To  deal  with  these  would  require  a  heavy  annual  expenditnn 
for  medical  attendance  and  quinine,  with  examination  of  immigruti 
The  method  is  more  promising  for  soldiers,  Government  servants,  railnj 
employees,  and  coolies,  who  can  more  easily  be  forced  to  submit  to  lie 
treatment — which  many  rebel  against.  Public  lectures  on  the  subject 
the  publication  of  sanit;iry  instructions,  and  the  cheap  sale  of  quiniK 
form  part  of  the  campaign ;  but  practical  sanitarians  acquainted  with  tk 
inertia  of  the  public,  ev^n  in  civilised  communities,  will  probably  prefer 
other  measures  if  practicable. 

The  secon<l  measure — the  segregation  of  the  healthy — is  one  whid 
has  long  l)een  used  in  India,  where  the  Eurojieans  generally  live  ■ 
separate  cantonments.  It  protects  only  a  section  of  the  pubhc.  h 
places  where  it  has  not  already  been  adopted,  it  will  generally  denuuJ 
the  building  of  a  new  8t;ition  for  Europeans.  This  will  be  costlj,  ml 
the  question  will  always  arise  whether  the  same  amount  of  money  oodd 
not  have  been  better  spent  in  protecting  the  whole  public,  Europea 
and  native  alike.  Besides,  complete  segregation  is  almost  alwiyi 
impracticable. 

The  third  measure — mechaniccil  protection  from  mosquito  bita— ii 
invaluable  for  private  prophylaxis.  A  careful  person  may  probably  avoid 
over  ninety  per  cent  of  the  average  number  of  mosquito  bites,  and  tlw 
reduce  by  the  same  amount  his  chances  of  being  infected.  All  public 
buildings  ought  invariably  to  be  protected  by  screening,  and  thereby 
reason  why  private  houses  should  not  be  screened  in  British  Colonic*  n 
they  so  frequently  are  in  America.  But  the  mass  of  the  population  vil 
not  easily  be  persuaded  to  spend  the  necessary  money — at  least  in  th 
tropics ;  and  public  funds  can  scarcely  be  used  for  the  purpose. 

The  fourth  measure — the  reduction  of  mosquitoes  by  di-ainagoorotktf 
treatment  of  their  breeding- waters — possesses  the  following  advantagei 
It  can  be  eftected  by  the  local  authority,  if  necessary  without  the  co- 
operation of  the  public — which  is  practically  always  difficult  or  impossibk 
to  obtain  in  connexion  with  sanitation  on  account  of  public  ignorance rf 
science.  It  does  not  demand  exjKjnsive  additions  to  private  houses  nor 
the  prolonged  use  of  any  drug  by  private  persons.  It  benefits,  not  afe* 
individuals,  but  the  whole  communitv.  It  tends  to  diminish  not  only 
malaria,  but  othor  mosquito-l)orrie  diseases,  and  not  only  disease,  bat* 
general  source  of  annoyance.  The  necessary  measures  are  {a)  |)ermiMJerf 
and  (/>)  annual.  The  first  consist  of  j)ermanent  works  of  drainage  * 
filling  up  of  pools,  ponds,  and  marshes,  the  "training"  or  rectification  « 
water-courses,  the  margins  of  lakes,  and  so  on  ;  the  second  require  the 
constant  services  of  a  sufficient  sanitary  staff*  for  preventing  the  formatifli 
of  small  pools  of  rain-water  and  tlie  accumulation  of  water  in  tubs,  drains 
gutters,  and  broken  vessels  (1).  Such  measures  have  the  furtk* 
iifl vantage  of  improving  the  general  sanitary  condition  of  a  town. 

In   comparing  the  merits  of  these  methods,  the  Health  Officer  nw* 
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t  consider  which  is  likely  to  give  the  greatest  amount  of  improvement 

the  public  health  for  the  sum  of  money  at  his  disposal.     For  example, 

£1000  he  may  be  able  (1)  to  build  a  "segregated"  bungalow  for  a 

gle  European  family ;  or  (2)  to  protect  fifty  houses  with  wire-gauze  at 

average  cost  of  £20  per  house  (the  gauze  lasts  only  for  a  few  years) ; 
(3)  to  abolish  200  breeding-pools  at  the  average  cost  of  £5  each. 
B  balance  of  advantages  will  vary  with  local  conditions.  Generally,  for 
lated  houses,  screening  is  called  for,  and  draining  will  cost  more  than  it 
I  be  worth.  On  the  other  hand,  for  towns  draining  is  likely  to  benefit 
!  greatest  number  of  persons  for  the  least  expenditure.  For  troops 
\  officials  segregation  is  always  useful ;  and  the  detection  and  treatment 
the  sick  must  be  ui'ged  whatever  other  methods  are  employed,  because 
lerwise,  even  if  local  infection  be  absolutely  abolished,  a  number  of 
apses  will  occur  among  old  cases  for  years  to  come. 

The  policy  of  mosquito  reduction  is  essentially  that  of  drainage  against 
ilaria,  which  has  been  known  since  the  time  of  the  Komans,  except  that 
\  now  recognise  with  gi-eater  precision  which  kinds  of  waters  are 
ngerous,  namely,  those  which  contain  the  larva?.  Doubt  is  often 
pressed  as  to  whether  local  suppression  of  breeding  will  suflSce  to 
duce  mos<iuitoes  because  of  their  possible  immigration  from  outside, 
ich  hypotheses  Avill  not  bear  scrutiny.  Mosquitoes  are  never  uniformly 
ffused,  but  abound  most  in  proximity  to  their  breeding-places.  Though 
few  may  wander  for  considerable  distances,  the  vast  majority  remain 
we  to  where  they  were  bom.  The  number  of  immigrants  into  an  area 
any  size  must  always  be  small  compared  with  the  number  of  natives. 
)  suppose  that  the  mosquito  population  will  remain  the  same  after  local 
ppression  of  breeding  is  equivalent  to  supposing  that  the  human 
►pulation  of  Britain  would  not  be  affected  by  abolishing  the  birth-rate, 
fery  year  during  the  hot  weather  nature  tends  to  reduce  mosquitoes  by 
ying  up  the  breeding-pools.  Our  object  is  merely  to  imiUite  nature  in 
is  procedure.  Complete  suppression  of  mosquitoes  is  perhaps  always 
•possible ;  Init  we  may  estimate,  on  gi*ounds  whicli  cannot  be  discussed 
re,  that  a  small  reduction  in  their  numbers  is  likely  to  produce  after 
e  lapse  of  sufficient  time  a  great  reduction  in  the  local  amount  of 
ilaria  (2). 

No  exact  method  for  enumerating  the  number  of  moscjuitoes  within  a 
'en  area  is  known.  Estimates  of  the  amount  of  malaria,  or  of  its 
crease  or  increase,  require  great  care  in  preparation.  Poisson's  formula 
>uld  be  used  before  generalising  on  ratios.  For  instance,  if  twenty-five 
tof  fifty  persons  are  found  to  be  infected,  the  general  ratio  of  infection 
idemic  index)  is  not  fifty  per  cent,  as  many  might  assert,  but  would  ])e 
I'thing  between  thirty  and  seventy  per  cent. 

During  the  last  seven  years  anti-malaria  campaigns  have  l)oen 
iducted  with  encouraging  results  in  many  parts  of  the  world.  Perhaps 
\  most  decisive  cases  are  those  of  Ismailia,  and  of  Klang  and  Port 
ettenluim  in  the  Federated  Malay  States.  The  first  is  a  town  of  under 
)0  inhabitants,  situated  close  to  the  Suez  Canal  and  controlled  by  the 
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Suez  Canal  Company — the  medical  department  of  which  has  kept  ve7 
exact  statistics  for  many  years.  The  number  of  cases  of  malaria  vm 
from  300  in  1877  to  2250  in  1900.  A  campaign  of  drainage  andtreit- 
raent  of  old  cases  was  commenced  in  1902,  with  the  following  results:- 


Years 

1900 

1901 

1902 

1903 

1904 

1905 

Cases 

2250 

1990 

1548 

214 

90 

37 

Nearly  all  the  cases  in  1904  and  all  of  them  in  1905  were  cases  ol 
relapse  among  patients  previously  infected.  The  cost  appears  to  hiw 
been  about  £1000  a  year  (3). 

Klang  and  Port  Swettenham  are  neighbouring  settlements  witk  • 
population  of  over  4000.     Anti-malaria  measures,  mostly  consisting  fli 
drainage,  were  commenced  in  1901-2.     The  admissions  for  malarial  fer^ 
into  hospital  for  these  towns  were  as  follows : — 


Years 

1901 

1902 

1903 

1904 

1905 

Cases 

510 

199 

69 

32 

23 

In  the  surrounding  district  the  disease  has  increased.  The  cost 
about  £10,000  for  permanent  works,  and  about  £400  for  annual  ujto^ 
in  both  towns  combined.  For  them,  as  for  Ismailia,  the  medical  (^Bcer* 
report  that  malaria  has  practically  disappeared  (4). 

The  Health  Officer  proposing  such  campaigns  must  expect  to  be  p|^ 
to  considerable  trouble,  but  should  remember  that  the  work  is  part  of  B* 
duties.  The  persistence  of  much  malaria  in  any  town  can  only  be  looted 
upon  as  proof  of  sanitary  maladministration. 

Por  British  readers  the  most  accessible  literature  on  the  subject  rfl 
be  found  in  rnimerous  articles  in  the  British  Medical  Journal  and"  tk 
Journal  of  Tropkal  Medicine  from  1899  onwards. 

Ronald  Ross. 
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BLACKWATER  FEVER 

By  J.  W.  W.  Stephens,  M.D. 

Synonyms. — Hcemaglolnnuric  fever,  Bilious  remittent  fever. 

'flnition. — These  and  other  alternative  names  have  been  applied  to  a 
rer,  generally  believed  to  be  malarial  in  kind,  which  is  accompanied 

the  presence  of  blood-pigment  in  the  urine. 

Geographieal  Distribution. — Its  exact  geographical  distribution  is 
txl  to  determine,  for  there  is  reason  to  believe  it  occiu^  in  countries  and 
itricts  in  which  it  is  not  generally  supposed  to  exist ;  e.g,  it  occurs  in 
rtain  districts  of  Miidras,  as  reported  by  Dr.  Christophers  and  myself, 
lere  previously  there  was  no  published  record  of  its  existence.  Broadly 
eakitig,  it  is  a  disease  of  tropical  or  subtropical  countries.  It  is  perhaps 
»t  known  in  Africa,  though  even  here  we  are  not  in  a  position  as  yet 
recisely  to  delimit  it.  It  occurs  certainly  all  along  the  coast  of  Africa, 
•om  the  river  Senegal  to  probably  as  far  south  as  the  Orange  River,  for 
:•  is  well  known  m  Damaraland.  On  the  east  coast  of  Africa  it  is  found 
rom  British  East  Africa  to  as  far  south  as  Delagoa  Bay.  In  the  countries 
Iraiued  by  the  Niger,  the  Congo,  and  the  Zambesi  it  exists.  Cases  have 
recently  been  reported  from  the  upper  reaches  of  the  Blue  and  White 
Kile.  It  exists  also  in  the  countries  bordering  the  coast  line,  such  as 
Senegambia,  Gambia,  Sierra  Leone,  Gold  Coast,  Lagos,  Cameroons, 
British  and  German  East  Africa,  and  Portuguese  East  Africa.  In  all 
these  districts  blackwater  fever  exists,  but  we  have  no  means  of  accurately 
^timiuing  its  frequency  in  these  regions,  and  any  comparisons  of  this 
•ort  are  most  fallacious.  For  if,  as  is  admitted,  Europeans  are  chiefly 
attacked,  the  incidence  in  any  locality  will  depend  in  part  upon  the 
extent  of  the  white  population,  and  no  data  exist  for  any  real  comparison  ; 
^^  shall  see  later  other  reasons  for  doubting  the  validity  of  such  com- 
parisons. In  Algeria  the  brothers  Sergent  state  that  it  is  certainly  less 
^^^  than  is  generally  believed.  They  record  31  cases  with  22  deaths  in 
-  years.  In  Egypt  itself,  so  far  as  our  knowledge  goes,  it  does  not  exist. 
1'^  Madagascar  it  has  been  described  since  1851.  It  occurs  also  in 
^^^uritius  and  Bourbon ;  with  regard  to  Zanzibar  no  statement  can 
"^  Bnade.  How  far  south  in  Africa  it  extends  is  not  yet  known.  It 
^''^ost  certainly  does  not  occur  in  Cape  Colony. 

With  regard  to  the  countries  bordering  the  Mediterranean  basin  we 
^^e  no  very  precise  information,  but  we  know  of  its  existence  in 
.  *lestine,  Greece,  Turkey,  Italy  (South),  Sicily,  and  Sardinia.  In  Russia 
'•has  been  described  at  Merv,  though  there  is  no  reason  to  suppose  that 
•^U  represents  its  real  distribution.  Marchoux  states  that  it  exists 
^ong  the  banks  of  the  Danube  and  in  the  Caucasus. 
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In  North  Ameiica  it  exists  in  the  following  states :  Arkauau, 
Mississippi,  Louisiana,  Tennessee  (?),  Texas,  Florida,  Georgia,  North 
Carolina,  Alabama,  South  Carolina,  Virginia.  In  Central  America',  in 
Nicaragua,  Costa  Rica,  Venezuela.  In  the  West  Indies:  in  Cuba, 
Martinique,  and  Guadeloupe,  in  French,  British,  and  Dutch  (?)  Guiaoi, 
in  British  Honduras.  It  occurs  also  in  the  Argentine  Kepublic  and 
Brazil,  but  precise  data  are  wanting  (it  is  rare,  for  instance,  »t 
S.  Paulo  (Lutz)).  In  hidia :  in  the  Duars  and  Terai  (Bengal),  iii 
Assam,  in  the  Jeypore  agency  (Madras),  in  Canara  district  (Bombaj). 
Certainly  over  large  areas  of  India  it  is  absent  or  very  rare.  Marchoux 
states  that  it  exists  in  Burma.  In  Chimi  it  has  been  recorded  from 
Cochin  China  and  Tonkin.  It  occurs  in  Java,  especially  at  Tjilatjap^ 
New  Guinea  (German) ;  in  the  Federated  Malay  States  and  Strait  Settle- 
ments a  few  cases  occur  annually.  In  Formosa  it  is  not  uncommoD 
(personal  communication),  but  it  does  not  occur  in  Japan ;  a  single  case  hs8 
been  recorded  in  New  Hebrides.  Such  a  list  in  skeleton  form  is  as  mxA 
as  we  can  give  at  present ;  we  have  not  the  necessary  data  for  describing 
with  any  accuracy  or  completeness  its  geographical  distribution,  nor  can 
we  do  more  than  state  very  indefinitely  that  it  is  common  in  one  plsoe^ 
rare  in  another. 

Although  blackwater  fever  never  originates  in  non-p[ialarial  countriei^ 
the  clinical  manifestations  of  the  infection,  as  of  other  forms  of  malaria^ 
may  shew  themselves  in  non-malarial  countries,  and  shew  themselvei 
thei'e  perhaps  for  the  first  time.  Thus,  attacks  of  black wa^^r  fever  nur 
occur  in  England  many  months  after  the  patient  has  left  Equatoriil 
Africa,  and  may  even  prove  fatal.  It  would  seem,  however,  that  ibe 
liability  to  such  attacks  diminishes  with  lapse  of  time,  and  pracdcallj 
ceases  after  a  prolonged  residence  in  this  country. 

Causation. — In  considering  the  vexed  question  of  the  etiology  of  tte 
disease  it  will  be  well  to  exclude  hypotheses  rigidly,  and  to  ascertain  «• 
far  as  possible  known  facts.  Further,  it  seems  to  me  of  great  importance^ 
in  making  comparisons  between  the  prevalence  of  blackwater  fever  in 
various  countries,  to  be  cerUiin  that  as  far  as  possible  similar  conditioitf 
are  being  compared.  Let  us  assume  for  the  moment  that  blackwattf 
fever  is  malarial  in  origin.  How  then  is  it  possible  to  explain  it* 
absence  in  Italy  as  a  whole  and  it^s  occurrence  in  Sicily,  both  of  whid' 
are  malarial  countries  ?  Whatever  be  the  answer,  a  closer  inspectioo  d 
this  objection  shews  that,  according  to  Celli,  malaria  in  Sicily  htf  * 
moiUility  of  7-8  per  10,000  ;  while  over  large  tiucts  of  Italy  it  does  not 
nsich  1  per  10,000,  and  it  is  only  in  the  south,  where  the  value  isS- 
th.it  we  again  find  blackwater  fever.  It  will  be  well  to  remember  tW 
in  North  italy  malaria  is  in  a  sense  a  mild  disease,  but  that  in  tropic^ 
Afric^i  it  is  an  intensely  severe  disease,  (.'limate,  whatever  this  impli^'i 
totiilly  changes  the  aspect  of  malaria,  iis  is  evident  to  everybody  whoitf* 
.seen  patients  in  Africa  and  patients — possibly  the  siime  ones — in  hoepit* 
in  Kn<ilan(l.  We  have  to  take  account  of  another  difference  which  mike* 
comparisons  almost  impossible.      Assuming,  again,  that  the  disease  i* 
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I  malarial,  thett  we  bive  to  consider  the  population  with  which  we  nre 

■dealing — tirat,  whether  we  are  referring  to  the  tiutive  inhabitants  of  a 

ftuuntiy,  br  they  white  or  black,  or  to  immigrants,  previoiiely  uninfected 

■with  nuUaria,  into  a  malarial   district.      It  is  true,  fur  example,  that 

Hnong  adult  negroes  malaria  is  uncommon  or,  at  any  rate,  it  affects  them 

ti  manner  quite  different  from  that  in  which  Europeans  are  affected. 

lilt  negroes  enjoy  an  undoubted  immunity,  while  to  the  European  in 

ra  malaria  is  a  deadly  scourge.     It  ia  evident,  therefore,  that  com- 

^pirisoas  between  an  immigrant  and  resident  population,  or  European  and 

■  negro  population,  in  the  matter  of  malaria  is  impossible,  the  two  things 

Kdilfer  BO  much.     Again,  we  have  to  consider  the  conditions  under  which 

I  Ibe  population  lives.     Malnria  is  not  a  disease  of  towns,  and  there  is 

I  brdly  more  malaria  in  Bombay,  Madras,  or  Calcutta  than  in  Kome.     It 

1  HdilTereut,  however,  in  the  malarial  regious  of  the  tropica.     The  great 

I  najority  of   Europeans   live  under  conditions  of  continued  malarial  in- 

n  owing  to  the  propinquity  of  native  dwellings,  which  swarm  with 

I  aiiO|ihelines  infected  with  malaria  by  the  native  children.     There  is  not 

I  Hie  separate  cantonment  of  Eiuvpeati  and  native  population  which  is  so 

I  *hanicteri8tic  a  featui'e  of  Indian  settlements.     Consequently,  apart  from 

I  other  reasons,  it  is  uncommon — with  exceptions  to  be  mentioned  later — 

r  to  God  Europeans  in  India  bo  "  saturated  "  with  malaria  as  is  unfortunately 

tie  case  with  the  European  in  Africa,  especially  among  those  who  live 

niNler  what  are  nothing  less  than  primitive  conditions  of  civilisation  and 

^oiafort.     There  are  additional  factors  which  make  it  impossible  to  draw 

"^Wjtific  comparisons  between  the  malaria  of  different  regions.     Among 

"■sse  is  the  particular  variety  of  parasite  that  causes  the  infection.     In 

loe  case  of  Europeans  in  India  the  fever   is  mainly  due  to  the  simple 

tertian  paraBit«  ;  in  West  Africa,  on  the  contrary,  it  is  exceptional  to  find 

'"'  infection  with  this  parasite,  the  predominating  species  being  the  malig- 

'""it  tertian.      We  would  finally  mention  the  possibility  that  an  infection 

■''^nemitted  by  a  certain  species  of  anopheline  may  be  more  severe  than 

*"ie  transmitted  by  another  species,  but  of  this  we  have  no  evidence. 

Although,  then,  there  is  need  of  discrimination  in  the  use  of  such  a 
"'>r<J  as  malaria,  which  may  imply  diverse  conditions  in  diverse  places, 
"®  may  now  turn  to  the  question,  What  is  the  evidence  for  regarding 
liUvckwater  fever  as  malarial  ?  and  indeed  this  is  the  sole  question  we 
"^ve  lo  determine,  for  no  other  opinion,  and  there  aie  several,  has  any 
■•^is  of  fact  to  support  it.  For  example,  all  investigators  have  been 
^^i^ick  with  the  apparent  similarity  of  this  disease  to  hRmoglobinuria 
i"  cattle,  the  parasite  of  which  is  well  known ;  but  iJl  the  evidence 
"^  couclusive  that  such  a  parasite  as  piroplasma  does  not  exist  in 
"bickwaler  fever,  and  that  the  similarity  is  apparent  only.  The 
'llestion  of  the  etiology  of  blackwater  fever,  therefore,  resolves  itself 
iiito  this:  either  it  is  mnlJrial  in  origin,  or  it  is  due  to  causes  about 
"Wch,  up  to  the  present,  we  know  nothing. 

^^llat  then  is  the  evidence  in  favour  of  the  malarial  origin  of  black- 
^iter  fever  t     (1)  There  is  no  case  on  record  of  blackwater  fever  having 
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attacked  a  person  who  has  not  previously,  and  most  frequently  only  a 
short  time  previously,  suftered  from  malaria.  (2)  The  evidence  is  over- 
whelming— and  I  know  of  no  competent  author  who  has  ever  denied  it 
— that  blackwater  fever  is  met  with  most  frequently  among  those  who 
have  suffered  for  longer  or  shorter  periods  from  repeated  attacks  of 
malaria.  (3)  In  confirmation  of  this  is  the  evidence  furnished  by  the 
increased  susceptibility  to  attiick  with  the  increased  duration  of  residence 
of  Europeans  in  tropical  regions.  .  Thus,  Berenger-Feniud  (2)  gives  the 
following  data  concerning  the  numbers  attacked  in  consecutive  yean. 
First  year,  5  4  per  cent ;  second  year,  2  2  "5  per  cent ;  third  year,  42*5  per 
cent;  fourth  year,  20  per  cent;  fifth  year,  4*8  per  cent.  Similar  figures 
have  been  compiled  by  other  observers.  The  facts  are  not  denied.  The 
interpreUition  is  open  to  question,  but  it  is,  I  think,  good  evidence  that 
blackwater  fever  is  not  a  disease  due  to  a  special  parasite,  protozoan  or 
bacterial,  otherwise  it  would  not  have  this  peculiar  time  distribution. 
The  fall  in  the  fourth  and  fifth  years  is  explicable  by  the  assumptiott 
that  those  who  survive  tropical  service  up  to  that  date  have  proved 
themselves  to  possess  resistance  to  malana  to  which  others  have  earlier 
succumbed.  (4)  The  tropical  regions  of  iVfrica  are  admittedly  among  the 
most  malarial  in  the  world,  yet  death  from  malaria  simply  is  compan- 
tively  uncommon,  death  from  blackwater  fever  very  common  (31). 
The  true  explanation  of  this,  I  believe,  is  not  that  tropical  Africa  is  not 
intensely  malarial,  but  that  this  intensity  of  malaria  displays  itself  in  black- 
water  fever.  Thus,  Doering  observed  129  cases  of  malarica  with  I  death, 
i.e.  a  mortality  of  077  per  cent,  and  40  ciises  of  blackwater  fever  with  5 
deaths,  /.»'.  a  mortality  of  12*5  per  cent.  This,  which  is  below  the  averag0 
mortiility  for  blackwater  fever,  is  sixteen  times  as  great  as  that  of  malaria 
(5)  If  blackwater  fever  be  malarial  in  nature,  then  those  who  escapf 
malarial  attacks  by  any  means,  whether  by  efficient  use  of  mosquito-neti 
or  by  quinine  prophylaxis,  should  escape  blackwater  fever.  That  this  i» 
so  the  following  data  shew  : — A.  Plehn  (24)  carried  out  in  the  Camerootf 
comparisons  between  those  who  regularly  took  quinine  and  those  who  did 
not.  L)uriri<^  the  period  1897-99  observations  were  made  on  two  series  of 
colonists.  The  figures  in  the  first  row  are  ot  those  who  did  not  tab 
quinine,  in  the  second  row  of  those  who  systematically  did  (7i  gniii* 
every  fifth  day) : — 
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The  evidence  hitherto  cited  is  of  a  general  kind.     1  believe  thedat»>' 
given  above  to  be  correct;  the  inference  to  be  drawn  from  them  will 
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)we»er,  dei>etHi  on  personal  opinion.  To  my  mind  they  are  evidence 
miilftrial  nature  of  bluckwater  fever,  but  others  may  interpret 
ifferently.  One  of  the  commonest  objuciiona  to  the  malnrial  view 
blftchwater  fever  is  that  the  diBlribution  of  ni«larin  and  blackwater  ia 

)t  the  same.  I  have  already  pointed  out  the  vagiienesG  of  the  torm 
1*,  but  I  think  the  following  statement,  viz.  "  that  the  distribution 
intense  malaria  and  blackwater  fever  corresjxindB  very  closely,"  la  not 
from  the  truth.  We  shall  next  consider  evidence  of  a  special  kind. 
(6)  It  has  l>C€n  urged  against  the  malarial  origin  of  blackwater  fever 
tiint  malaiial  parasites  are  seldom  found,  and  that  when  present  their 
Dambcr  bears  no  relation  to  the  severity  of  the  attack.  We  shall  see 
Ut«r  that  this  statement  is  not  strictly  accurate,  but  for  the  present 
wo  Ditty  regard  it  as  in  the  main  true.  It  is  also  true,  however, 
tbiC  it  is  possible  to  get  typical  attacks  of  malaria  in  which  it  ia 
almogt  impossible  to  detect  parasites.  The  most  frequent,  but  not 
iho  only  cause  of  such  a  condition  is  the  previous  administration  of 
quininu.  In  such  cases  Dr.  Christophers  and  I  have  shewn  that 
lliore  are  two  tests  by  which  a  quite  recent  malarial  infection  can 
l*  detected :  {«)  the  presence  of  pigmented  large  mononuclear 
loncocyteB;  ('')  the  increase  in  the  percentage  of  large  mononuclear 
leUBocyteo — over  'Id  per  cent.  By  the  application  of  these  tests  to  a 
•wies  of  sixteen  cases  of  blackwater  fever  we  found  clear  evidence  of 
BwUria  in  938  per  cent  of  cases,  while  parasites  were  found  only  in  12 '5 
per  oent  of  cases.  In  a  control  series  of  cases,  selected  from  those  con- 
*^lly  liable  to  malarial  infection,  tbe  evidence  of  such  infection,  based  on 
UiB  presence  of  pigment  or  parasites,  existed  in  leas  than  10  per  cent 
(«n(J  BOme  of  these  had  high  temperatures  when  examined) ;  while 
liwliiding  even  those  who  had  only  a  slight  increase  of  mononuclears  the 
psroentage  was  only  20  per  cent.  It  is,  ther^efore,  an  error  to  suppose 
ttat  any  series  of  persons  in  tbe  tropica  would  shew  similar  evidence  of 
l^alarial  infection  to  that  which  the  blackwater  patients  shewed.  Not  only 
Is  this  not  so,  but  in  the  above  contj-ol  experiments  those  examined  were 
niit  AQ  average  healthy  community,  but  were  especially  selected  as  being 
■''ble  to  infection.  But  the  evidence  in  favour  of  the  malarial  origin  of 
"Wkwater  fever  is  even  stronger  than  this.  As  stated  alwve,  it  ia  not 
itrictly  true  that  parasites  are  seldom  found  in  cases  of  blackwater  fever. 
'')  Thus,  I  tAbnlated  a  series  of  ninety-five  cases  (31)  in  which  blood 
^Mminslions  had  been  made  by  competent  observers  and  found  that  the 
''election  of  parasites  dejiended  almost  entirely  upon  the  time  when  tbe 

ulood    examination    was   jnade.      In    cases  where  the    blood  was    ex- 

"Diiied  on  tbe  day  before  the  onset  of  hiemoglobinuria,  parasites  were 
'"till  in  95-6  jwrcent  of  cases,  on  the  day  of  the  ha-raoglobinnria  in  61 '9 
I"^  cent  of  eases,  on  the  day  after  the  hremoglobinuria  in  1 7'1  per  cent 
"  caes.  The  conclusion  seems  inci-itable  that  we  are  dealing  here  with 
'^'**i  of  malaria.  A  denial  of  this  would  seem  to  me  to  be  equivalent  to 
ileiiving  ihe  causal  significance  of  malarial  (larasttes  in  an  equivalent 
"Umber  (95-6  per  cent)  of  ordinary  malarial  cases.     We  do  not  assert 
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thcit  parasites  will  be  found  in  every  case  of  blackwater  fever,  for  then 
is  undoubtedly  a  condition  of  malaria  in  which,  though  fever  penisu  in 
spite  of  regular  doses  of  quinine,  yet  no  parasites  occiu*  in  the  peripheni 
blood.  Before  we  consider  why  parasites  are  found  only  in  a  certaii 
number  of  cases  of  blackwater  fever  when  examined  the  day  after  the 
onset,  it  will  be  necessary  to  discuss  another  factor  in  the  causation  of 
this  fever. 

Without  entering  into  the  history  of  this  part  of  the  subject  it  wiD 
be  sufticient  to  stiite  that  Tomaselli,  in  Sicily,  first  published  a  serin 
of  cases  of  hiemoglobinuria  in  which  he  considered  that  this  symptom  of 
the  fever  was  due  to  quinine,  and  indeed  that  these  cases  were  to  be 
regarded  as  cases  of   quinine  intoxication.      This  possibility   has  beea 
vehemently  denied,  but  cases  are  now  on  record   in   which    the  firti 
admit  of  no  denial.     Patients  who  have  themselves  known  that  quinine 
did  induce  in  them  the  passing  of  ha^moglobinuric  urine  have  volontarilj 
submitted  themselves  to  experiment,  and  it  has  been  conclusively  shewn 
that  in  such  cases  quinine  can  and  does  induce  ha^moglobinuria.     It  ii, 
indeed,  a  matter  of  common  experience  that  quinine,  as  a  rule,  has  no 
such  action ;  but  to  deny  the  possibility  of  its  provoking  haemog^obinorii 
is  no  longer  justifiable,  for  such  cases  are  fortunately  on  record — haviiu; 
been  observed  in  hospital.      Such  cases  of  production  of  experimenul 
hremoglobinuria  by  quinine  are  within  the  knowledge  of  most  medical  men 
in  tropical  Afric^i.      It  may  be  regarded  as  established  that  quinine  cu 
produce  hajmoglolnnuria  ;  what,  then,  is  its  relation  to  blackwater  feierf 
It  may  be  stated   that  some  observers  consider  that  clinically  qmnine 
haemoglobinuria  c^n  be  distinguished  from  blackwater  fever,  and  base  the 
distinction  mainly  on  the  greater  severity  of  the  symptoms  in  the  Utter, 
e.(j.  extreme  collapse,  stupor,  and  the  high  temperature ;  but  we  doubt 
whether  the  distinction  is  a  real  one,  and  believe  that  all  stages  betveen 
the   mildest  attacks  and  the  severest  attacks  occur.     It  is  difficuU  to 
])rovo  the  opinion,  now  widely  held,  that  quinine  is  the  determining  CMW 
in  the  onset  of  blackwater  fever  [for  literature  ride  under  (31)],  but  the  mo* 
convincing  proof  is  the  observation  of  an  actual  case  when  in  a  petient 
who  may  bo  progi'essiiig  favourably  after  the  initial   attack,  suddenlj 
hjemoglobinuria  again   supervenes,  the  only  changed  condition  han^g 
been  the  adnn'nistration  of  quinine  a  few  houra  previously.     That  quinine 
is  the  most  frequent  cause  of  blackwater  fever  in  those  suffering  fro* 
malaria  is  the  opinion  of  many  who  have  studied  the  disease  carefollr. 
Thcie  are,  of  course,  miuiy  obvious  objections  to  such  a  view.     Thwi(l) 
(juinine  produces,  we  will  suppose,  a  blackwater  attack  on  one  day,  i»^ 
there   is  no  cert^iinty  that  it  will  do  so  on  the  following  day — inde^ 
the  probability  is  in  the  other  direction  ;    (2)  thousands  of  patients  i^ 
treated  daily  with  quinine,  but  no  blackwater  fever  arises;  therefcwe,  it  ** 
said,  it  is  absurd  to  assert  that  quinine  is  the  cause  of  blackwater  fe^- 
Objections  of  this  kind  arc,  I  consider,  deprived  of  any  force  they  inig"^ 
possess  by  the  ol>servation   alrea<ly  mentioned,  that  quinine  has  be* 
proved  experimentally  to  be  able  to  give  rise  to  haemoglobinuria.    Tta 
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experience  outweighs  all  conjectural  arguments.^  There  are  undoubtedly 
cases  of  blackwater  fever  in  which  the  influence  of  quinine  as  the  exciting 
cause  can  be  excluded ;  in  my  opinion  they  are  few  in  number,  and  they 
cannot  suffice  to  contradict  positive  experimental  evidence.  Not  to  prolong 
the  discussion  of  the  etiology  further,  we  may  sum  up  by  declaring  that 
we  believe  the  facts  to  be  as  above  stated ;  the  interpretation  of  them  is  a 
matter  of  opinion.  I  regard  the  condition  of  blood  necessary  for  the 
development  of  blackwater  fever,  %,e,  of  an  acute  haemolysis,  as  determined 
by  exposure  to  malarial  attacks  of  a  greater  or  less  frequency ;  that 
in  the  majority  of  cases,  if  not  in  all,  the  initial  attack  is  associated  with 
the  definite  occurrence  of  parasites  in  the  blood,  and  that  under  such 
conditions  quinine,  not  necessarily  in  large  doses,  is  able  to  induce  an 
acute  destruction  of  blood-cells.  This  factor,  viz.  the  quinine,  and  no 
doubt  to  a  great  extent  also  the  haemolysis  itself,  is  the  reason  why 
parasites  disappear  so  rapidly  during  an  attack ;  so  that  commonly  on 
the  day  subsequent  to  the  attack  none  can  be  found.  While  then  in  the 
main  the  broad  etiological  factors  of  blackwater  fever  are,  I  believe, 
settled,  yet  it  must  be  freely  admitted  that  with  regard  to  more  exact 
pathological  details  we  are  still  in  the  dark.  It  is  possible,  for  example, 
that  the  haemolysis  takes  place  largely  in  the  kidneys — that,  as  Plehn  (24), 
for  instance,  holds,  a  kidney  lesion  is  also  one  of  the  essential  factors. 

In  this  connexion  attention  should  be  called  to  Marchoux's  important 
observation,  that  during  the  hsemoglobinuria  quinine  cannot  be  detected 
in  the  urine,  but  that  on  the  cessation  of  ha^moglobinuria  it  reappears. 
The  obvious  explanation  may,  of  course,  not  be  the  true  one.  Bearing 
on  the  action  of  quinine  the  observation  of  Poch  is  also  of  consider- 
able importance :  In  a  patient  who  some  time  previously  had  had  an 
attack  of  blackwater  fever,  the  red  cells  had  reached  a  value  of  6,000,000. 
On  administering  15  grains  of  quinine  a  diminution  of  340,000  occurred 
without  any  other  symptoms.  There  are  also  observations  on  record  in 
which   quinine   has  been   administered   on  several   occasions  with  the 

production  of  hemoglobinuria,  while  on  a  subsequent  occasion  albuminuria 

and  a  high-coloured  urine  have  resulted. 

The  etiology  of  blackwater  fever  may  be  summed  up  by  saying  that 

it  is  malarial  in  nature,  i.e,  it  can  only  occur  in  those  who  are  either 

Buffering  from,  or  have  quite  recently  become  infected  with,  malaria,  and 

that  the  onset  of  the  disease  is  induced  most  commonly,  though  not 

uivariably,  by  quinine. 

Morbid  Anatomy. — The  following  changes    observed    in  a  typical 

^*8e  of  blackwater  fever  may  be  taken  as  representing  those  usually 

found. 

SpUen, — Malarial  pigment  occurred  in  the  cells  of   the  splenic  re- 

^culum^  and  also  in  macrophages  and  in  large  mononuclear  leucocytes. 

^^des  the  melanin  a  varying  amount  of  yellow  pigment  (ha^mosiderin) 

'  Those  who  have  so  long  oppo8e<l  the  view  that  quinine  is  the  cause  of  hlackwater  fever 
^^^  advance  the  h3rpothe8is  that  quinine  is  simply  the  immediate  determining  factor  in 
^ogiog  some  unknown  parasite  into  action. 
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occurs.     Parasites  are  generally  absent,  though  they  may  be  found  here 
when  absent  in  the  blood  during  life. 

Liver, — {n)  Small  necrotic  foci,  situated  laterally  to  the  intralobular 
vein.  These  are^is  consist  of  necrotic  liver-tissue,  (h)  Small  thrombi  in 
the  sublobular  veins.  The  thrombi  contain  a  few  pigmented  cella.  (rl 
Pigment  (melanin)  in  the  endothelium  in  spherical  clusters,  ha^mosiderin 
in  the  liver-cells,  and  pigmented  leucocytes  in  the  vessels. 

Kidnejfs. — There  is  no  indication  of  any  acute  inflammatory  process, 
but  the  epithelium  of  the  convoluted  tubules  shews  much  degeneration, 
and  the  lumen  is  filled  with  a  granular  mass ;  the  straight  and  collecting 
tubules  are  also  filled  with  shed  epithelium  and  masses  of  granules.  No 
melanin  occurred  in  the  kidneys. 

Jied  Marrow. — Melanin  occurs  in  the  capillary  endothelium,  in  large 
branched  cells,  and  in  leucocytes. 

Brain. — In  some  instances  sporulating  i)arasites  have  been  foniid 
here,  though  there  was  little  evidence  of  malarial  infection  ebewherfr 
Frequently,  however,  no  pigment  can  be  found  here. 

Symptoms. — A  characteristic  attack  of  haomoglobinuric  fever  is  usuaUy 
ushered  in  by  an  initial  stage  of  shivering,  which  may  increase  into  a 
series  of  severe  rigors  lasting  for  some  hours.  There  is  a  sense  of  numb- 
ness in  the  extremities,  intense  pain  in  the  loins,  and  general  malaise. 

The  temperature  rapidly  rises  to  103*^  F.  or  thereabouts,  mounting 
at  a  later  period  to  105''  F.,  or  even  higher;  and  dark-coloured  urine  is 
sooner  or  later  passe<l  from  the  bladder.     Frequent  retching,  attended 
in  nearly  all  severe  cases  with  bilious  vomiting,  is  a  distressing  symptom 
which  is  apt  to  exhaust  the  patient — this  persistent  vomiting  of  green 
])ile  being  almost  invariably  present  in  cases  tending  to  a  fatal  termini 
tion.     Tynipinitcs  is  a  common  and  distressing  symptom.     At  an  eailj 
sUige  a  more  or  less  intense  jaundice  becomes  rapidly  established,  tbe 
conjunctivjL'  and  the  skin  over  the  entire  surface  of  the  body  becoming  of 
a  bright  yellow  colour.     The  considerable  pain  over  the  region  of  tie 
kidneys,  which  not  unfroquently  gives  rise  to  much  complaint,  may  be 
due     to    »ome    congestion    of    those   organs ;    and   actual    nephritis  ii 
occasionally  set  up  as  the  result  of  the  great  elimination  of  hsemoglobiSr 
])ut  is  not  usually  found   after  death.     Frequently  also  there  is  mod 
pain  in  the  region  of  the  liver  and  spleen,  and  these  organs  are  enlarged. 
The  ])it  of  the  stomach  may  also  be  sensitive  to  pressure. 

The  fever,  which  becomes  somewhat  marked  at  the  very  beginnii^ 
of  the  ])an)xysm,  may  be  remittent  or  almost  continuous  in  couiw* 
Usually,  however,  after  a  longer  or  shorter  interval  the  temperataie 
di'ops  somewhat,  and  the  patient  falls  into  a  profuse  perspiration.  If  iO» 
all  tlic  various  painful  symptoms  tend  to  abate ;  but  an  intense  feeling 
of  Aveakness  remains.  Coincidently  with  the  subsidence  of  the  fevrf 
the  mine  loses  its  dark  colour,  reverting  after  a  time  to  its  normal 
condition.  The  [)aroxysm  may  now  cease  as  suddenly  as  it  began,  but  tb8 
temperature  may  rise  again ;  rigors  and  pains  in  the  loins  luid  over  ti* 
liver  return,  Avhile  the  urine  once  more  becomes  red  or  almost  black 


BLACKWATER  FEVER  297 

In  the  severer  class  of  cases  the  symptoms  persist  without  any  apparent 
intermission,  the  urine  becomes  more  and  more  scanty,  and  eventually 
may  be  entirely  suppressed ;  in  these  circumstances  a  fatal  termination 
usually  follows  after  no  long  interval.  Death  may  be  ushered  in  with  a 
convulsion,  or  it  may  result  from  syncope  or  collapse,  or  again  death 
may  result  from  hyperpyrexia. 

The  course  of  events  is  not,  however,  always  like  that  depicted.  Not 
uncommonly  the  patient  does  not  know  that  he  is  ill  until  he  passes 
•*  blackwater."  He  may,  perhaps,  have  had  some  slight  febrile  rise  which 
is  often  <piite  neglected,  the  icterus  may  be  hardly  appreciable,  and  it  is 
only  the  dread  of  "  blackwater  "  that  induces  the  patient  to  take  to  his 
bed.  Between  the  mildest  attack  of  this  sort  and  the  severe  and 
frequently  fatal  attack  depicted  above  we  may  have  all  gradations. 
Tiie  more  severe  forms  may  be  accompanied  by  bloody  diarrhoea. 
Hiccup  is  often  a  distressing  feature,  and  in  cases  that  shew  a  dimin- 
ished urinary  excretion  is  of  unfavourable  import.  Somnolence  in  severe 
cases  is  b'kewise  unfavourable.  Vomiting,  when  persistent,  may  lead  to 
a  distressing  state  of  exhaustion  of  the  patient,  terminated  only  by  death, 
on  the  other  hand  it  may  be  almost  entirely  absent  or  only  slight. 
Marked  enlargement  of  the  submaxillary  glands  is  a  somewhat  rare 
complication.     Pain  in  micturition  is  not  uncommon. 

On  the  day  after  the  paroxysm  the  temperature  may  fall  to  normal, 
accompanied  by  profuse  sweating.     The  patient,  who  at  first  was  in  a 
state  of  stupor,  now  regains  his  senses  and  experiences  a  sense  of  comfort. 
Sleep  may  ensue,  and  the  patient  may  make  a  good  recovery.     Should  a 
relapse  ensue  the  symptoms  are  repeated,  sometimes  with  greater,  some- 
times with  less  intensity ;  in  the  former  case  the  pulse  becomes  feeble, 
the  temperature  is  generally  raised,  weakness  increases,  there  is  mental 
cloudiness,  icterus  becomes  intense,  faeces  and  urine  are  passed  involun- 
tarily, hiccup    is   constant,  and    death    soon    occurs.      In    milder  cases 
vomiting,  want  of  sleep,  restlessness,  may  for  a  time  make  the  issue 
doubtful,  but   the  symptoms  gradually  subside,   the   urine  clears,    the 
patient  gradually  gains  strength,  takes  a  little  solid  food,  then  gets  up 
from  bed,  and  eventually  recovers. 

The  Uood  shews  but  little  evidence  of  the  intense  haemolysis  that  may 
bave  occurred.  A  careful  examination  would  not  enable  one  to  say  more 
than  that  the  corpuscles  displayed  some  amount  of  anaemia.  To  the 
J^ked  eye  the  blood  is  "  thin  "  in  appearance,  and  has  lost  its  stickiness,  so 
that  in  making  a  film  the  blood  adheres  to  the  slide  with  some  difficult} . 
O^n,  too,  the  serum  can  be  seen  to  be  deeply  yellow,  an  appearance  more 
readily  appreciated  by  allowing  a  drop  to  coagulate  in  a  capillary  pipette, 
^ot  unfrequently  the  serum  shews  no  trace  of  hiPmoglol)in,  although  the 
na-moglobinuria  may  be  actually  increasing.  Ha^moglobiniemia  does, 
however,  occur. 

In  stained  preparations  normoblasts  may  occur,  and  especially  some 
time  after  an  attack,  polychromasia  of  the  red  cell  and  basophil 
panctation.      Both  these  appearances  have  been  considered   to   be  of 
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some  diagnostic  importance,  and  if  well-marked,  to  make  a  further 
administration  of  quinine  dangerous.  This  point,  howevery  requires 
fiu*ther  examination. 

ParasUe.^. — We  have  already  dealt  with  this  question.  A3  a  rule  ibe 
observer  will  be  struck  with  the  negative  results  of  his  examinationg,  boi 
provided  the  blood  examination  is  made  early  enough  (before  the  attack!) 
parasites  will  nearly  always  be  found. 

Pigmented  Leucocytes, — Those  who  have  made  many  thousands  of 
blood  examinations  in  malaria  know  how  often  it  is  difficult  to  find  these 
except  by  long  search.  In  black  water  fever  search  through  a  couple  of 
well-made  films  will  nearly  always  reveal  a  pigmented  mononudetf 
leucocyte  ;  occasionally,  indeed,  as  in  malaria,  they  are  abundant.  ^Mle& 
absent  in  the  blood  they  may  be  found  in  abimdance  in  the  spleen  (post- 
mortem). 

Leucocyte  Changes, — Frequently  there  is,  as  in  malaria,  an  intense 
leucocytosis  accompanying  the  rigor.  Later,  especially  when  the  tempera- 
ture falls,  there  is  leucopenia  and  an  increased  percentage  of  large 
mononuclear  leucocytes.  The  importance  of  this  change,  coupled  with 
the  presence  of  pigmented  leucocytes,  has  already  been  discussed. 
During  the  leucocytosis  this  change  may  be  masked  by  the  increase  of 
polymorphonuclear  leucocytes  to  as  much  as  90  per  cent. 

The  nrine  is  often  faintly  alkaline  in  reaction  and  of  a  specific  gravity 
below  the  normal.     In  colour,  that  which  is  fii^t  passed  during  a  parozysot 
is  of  a  deep  reddish  or  blackish -red  tint,  the  amount  of  the  contained 
pigment  being  large ;  while  when  the  attack  is  less  severe,  or  is  passing 
off,  it  may  exhibit  all  variations  of  hue  between  that  of  port  wine  and  of 
dark  sherry.     The  total  amount  of  urine  passed  is  frequently  increased, 
and  micturition  may  be  frequent;  on  the  other  hand  diminution  iDsr 
occur,  and  this  may  progress  towards  practically  complete  anuria.    The 
amount  of  albumin  in  dark  urines  may  be  so  great  that  on  boih'ng  the 
contents    of    the  test-tube    set  solid.      Exact  analyses  of   the  proteid 
constituents — cerUiinly  to  a  great   extent  globulin — are    still  wanting 
A  urine  that  looks  dark  may  often   be  cleared  by   centrifugalisatioor 
when   a    spectroscopic   examination   may  shew   that  no  hsemoglobin  ^ 
present.     The  sediment  in  these  cases  consists  of  a  granular  yellowi«6 
material  varying  in  size  from  1  /a  to  7  ft,  which  is  supposed  to  be  altered 
))lood,  and,  indeed,  this  sediment  is  a  characteristic  feature  of  the  urinf 
in  all  severe  cases.     In  this  sediment  may  be  found  a  few  minute  reddisl^ 
crystals  (?  bilirubin). 

Ked  blood -corpuscles  are  for  the  most  part  conspicuous  by  their 
absence.  In  certain  instances,  however,  the  hsemoglobinuria  is  accflW- 
panicd  by  a  true  lueniaturia. 

In  the  urine  spectroscopically  examined  in  a  thin  layer,  or  diluted  to 
the  reiiuisite  degree,  the  absorption-bands  characteristic  of  hsemogloWi 
present  themselves.  Very  frequently  the  presence  of  a  third  bsnd. 
situated  between  the  C  and  I)  lines,  affords  evidence  of  the  conversion » 
the  pigment  into  metha}moglobin,  and  it  remains  to  be  seen  whether  how 
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»DDglobin  and  methiemoglobin  are  present  together.  Almost  invariably 
wbilin  is  present  in  the  urine.  For  its  detection  it  is  best  first  to  pre- 
^iuto  the  fafemoglobin-pigments,  but  this  is  not  always  Qecessary.  Bile- 
in  the  urine  is  very  iineoininon.  In  certain  caaes,  however, 
le-pigmenla  may  appear  in  the  urine  with  the  onset  of  the  usual 
mptoms,  while  biemoglobiu  is  still  absent,  and  it  is  only  later  that 
nic  htemogiobinuria. 
Dlafrnosis.  —  Probably  the  only  disease  for  which  hemoglobin  uric 
fever  is  likely  to  be  raistihen  is  yellow  fever.  The  invasion  of  both  tlis- 
««e»  is  marked  by  somewhat  similar  symptoms  ;  but,  after  the  first  few 
hours  at  any  rate,  no  great  difliculty  is  likely  to  be  found  in  diagnosing 
^e  true  natiue  of  the  illness. 

The  history  of  the  case  will  be  of  great  jissistnnce.  Almost  invariably, 
if  careful  inteiTOgation  be  made,  there  will  be  a  history  of  repeated  attacks 
ut  fever  and  an  attempt  to  check  these  by  quinine.  The  enlargement  of 
th«  spleen  points  to  present  or  past  malarial  infection.  The  character  of 
the  vomit  la  quite  different  in  the  two  affections.  In  blackwater  fever  in 
w^era  cases  puro  green  bile  is  vomited.  In  yellow  fever  the  vomit  is 
itiwk  brown  or  black.  The  urine,  however,  affords  the  most  convincing 
tiistinclion.  In  blackwater  fever  the  hemoglobinuria  varies  from  a  light 
ral  to  an  almost  black  colour,  and  it  is  only  rarely  that  red  cells  are  found 
microscopically.  In  yellow  fever  there  may,  on  the  contrary,  be  a  true 
biematuria,  but  tliia  is  rare.  The  colour  of  the  jaundice  in  the  two 
diseases  is  also  different,  in  yellow  fever  it  is  of  a  box-wood  colour,  while 
'11  blsek water  fever  it  is  citron-yellow  {yidr  p.  34(1). 

Pathologically  the  points  of  difference  between  these  two  diseases  are 
ewn  more  marked  ;  after  death  from  hiemoglobinuric  fever  the  stomach 
shews  no  special  alteration,  except  that  its  internal  surface  may  appear 
P»1b  nnil  anaemic  ;  but  in  yellow  fever  the  mucous  membrane  is  for  the 
most  part  soft  and  intensely  injected,  and  the  cavity  of  the  organ  usually 
contains  blackened  and  disintegrated  blood.  The  skin  is  of  a  variable 
Jellotr  colour,  and  violet  or  dark-red  ]>atches  occur  in  parte.  Small 
luemorrhages  are  also  found.  These  are  especially  noticeable  internally 
on  iJie  serous  membranes  and  mucoste,  and  also  occur  on  the  membranes 
"f  the  brain.  In  yellow  fever  the  spleen  is  soft,  but  not  enlarged  ;  the 
'iver  is  more  or  less  fatty  and  yellow  in  colour,  and  contains  very  little 
hlood.  In  haimoglobinuric  fever,  on  the  other  hand,  enlargement  of  the 
«pl«cn  ia  often  marked,  and  the  liver  is  byperiemic  and  contains  hiemo- 
"'Jerin  and  often  melanin.  The  possibility  of  confusion  with  acute 
."How  atrophy  of  the  liver  and  phosphorus  and  other  forma  of  poisoning 
'hoiilii  be  bonie  in  mind. 

Treatment. — If  the  view  that  we  have  here  put  forward,  viz.  the 
■^iial  influence  of  malarial  infection  followed  by  the  administration  of 
'i"i'iine,  be  true,  then  the  difficult  question  arises  as  to  the  justification  of 
"■Jtiu'iiisi^ring  quinine  even  if  parasites  be  found.  There  can  be  little 
•loiibt,  I  think,  that  on  the  whole  practical  experience  is  against  the 
^Imiiiistration  of  quinine,  whatever  be  our  liew  aa  to  the  nature  of  the 
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disease.     Certainly  a  physician  would  do  well  by  microscopic  examiiiatioB 
to  ascertain  what  actually  is  the  condition  of  the  blood,  and   to  refrain 
from  quinine  unless  the  parasite  infection  be  a  massive  one.     If  it  he 
true  that  the  patient  is  infected  with  malaria,  then,  in  order  to  combit 
this,  (juininc  should  be  commenced  during  convalescence  in  small  doses.,  1 
or  2  grains  at  a  time,  and  the  effect  carefully  watched.     If  well  borne,  and 
the  fever  does  not  threaten  severely,  this  may  be  continued  daily  for  some 
weeks,  and  eventually  5-  and  10-grain  doses  given,  and  if  no  untoward 
accident  occur  this  must  be  persisted  in  for  months  or  a  year,  in  order 
that  the  system  may  be  entirely  freed  from  the  malarial  iniFection.    The 
bowels  must  l)c  freely  opened  by  drugs — of  which  calomel  and  jaUp^ 
either  separately  or  combined,  are  the  most  generally  useful — aidei  bj 
enemas  ;  and  if  severe  vomiting  be  present  treatment  must  be  especiallj 
directed  to  this  symptom.     If  ice  can  be  obtained  the  patient  should  he 
allowed  to  suck  it  continually ;  and  small  doses  of  brandy  or  champs 
will  probably  be  retained  even  when  nothing  more  nutritious  can  be  given 
by  the  mouth.     Hearsey  records  twenty-one  consecutive  cases  without* 
dcAth  treated  by  a  mixture  containing  bicarbonate  of  soda  (10  grains) 
and  perchloride  of  mercury  (n\^xxx.)  in  each  dose.     This  is  given  everr 
two    hours   on    the    first  day.      Vomiting   he   controls   by  \  grain  i 
morphine  hypodermiciilly.     Acid  drinks  are  prohibited.      Doering  hii 
had  good  results  in   the  alleviation  of  vomiting  by  the  use  of  KarUbui 
salts  (a  teaspoonful)  in  water,  repeating  the  dose  if  vomited.     He  attri- 
butes the  good  results  to  the  relaxation  of  the  bowels.     Boracic  acid  is 
used  by  othei*s,  but  beyond  the  symptomatic  treatment  there  is  no  drug 
that  can  be  said  to  possess  specific  value. 

In  severe  cases  it  will  be  necessary  to  resort  to  nutrient  enemas,  and, 
if  the  temperature  should  fall  below  normal,  hot- water  bottles  should  be 
placed  in  the  bed.  Resort  may  also  be  had  to  intravenous  injections  of 
normal  saline  solution,  which  Ciin  be  made  by  dissolving  a  dram  of  common 
salt  in  a  pint  of  water,  boiling  the  mixture  to  sterilise  it,  and  then  allow- 
ing it  to  cool  to  a  temperature  of  105^  F.  prior  to  use :  experience 
has  shewn  that  better  results  mav  be  thus  obtained  than  if  a  lower 
temperature  be  employed. 

Prophjilaxin. — If  the  view  we  have  taken  of  the  malarial  nature  of 
blackwater  fever  be  correct,  it  follows  that  a  person  who  has  nern  suffered 
from  malaria  will  never  suffer  from  blackwater  fever.  The  prophylaxis 
of  blackwater  fever,  we  believe,  is  identical  with  that  of  malaria.  It  '* 
]K»ssible  for  every  one  who  will  exercise  the  necessary  intelligence  an" 
care  to  escape  malaria  completely.  There  are  many,  however,  who  will 
not  be  at  the  trouble  of  protecting  themselves  by  the  proper  use  of  * 
nios(iuito-net  and  simple  precautions  in  regard  to  clothing.  The  only 
alternative  for  such  persons  is  to  submit  to  a  stringent  quinine  pro- 
phylaxis. This  may  be  carried  out  in  several  ways ;  among  the  beat  i* 
a  dose  of  1')  (or  10)  grains  of  quinine  every  ninth  and  tenth  day*. 
If  a  person  is  already  suffering  from  malaria  the  physician  should  on  no 
account  rest  satisfied  until,  by  prolonged  and  adequate  treatment  ^A 
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quinine,  the  infection  hag  been  entirely  eradicated.  The  condition  of 
■■  siniill  fevers,"  more  or  less  continuous,  with  inadequate  quinine  adminiB- 
initioD  is,  I  consider,  especially  dangerous,  and  it  ie  this  condition  that 
ihc  pbfsiciiiii  ehould  do  hia  utinoet  to  combat  by  adequate  doGes  of 
<)uimne.  In  such  a  method  of  prophylaxis  there  is  no  danger  of  hsmo- 
I  globinuria,  it  is  the  combination  of  inadequate  amounts  of  quinine  and 
K  continuance  of  slight  fevers  from  time  to  time  that  seems  especially  to 
l»voiir  the  onset  of  blackwater  fever. 

J.  \V.  W.  Stephen's. 
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—A  specific  fever  caused  by  the  presence  in  the  blood  of  :i 
t,  and  characterised  by  one  or  more  febrile  attacks  of  varying 
The   spirochwta    is  conveyed    by  the   hite  of   a    tick,    the 
"''"itliodnrtis  moiibafa  Murray  (vide  p.   1 94).      The  diseitse   may  also  he 
'"iiVMyed  by  inoculation  with  infected  blood. 
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Etiologry. — Tick  fever  was  first  described  by  Dr.  Livingstone  as 
occurring  in  the  basin  of  the  Zambesi.  More  recently  a  disease 
attributed  to  the  bite  of  an  ornithodoros  has  been  noticed  in  Uganda, 
in  German  East  Africa,  in  Central  Africa,  and  in  the  Congo  Free  State, 
The  disease  probably  passed  under  different  names  in  the  various 
countries,  but  it  was  always  attributed  to  the  bite  of  a  tick  which 
infested  old  camping  -  grounds  along  the  caravan  routes.  In  1903 
Marchoux  and  Salimbeni  described  the  spirillosis  of  fowls,  common  in 
Rio  de  Janeiro,  and  shewed  not  only  that  the  disease  was  due  to  the 
presence  of  a  spirochaeta  in  the  blood,  but  also  that  the  spirochaeta  was 
conveyed  by  a  tick  (Argas  miniatus),  and  that  this  tick,  after  biting  an 
infected  fowl,  remained  infective  for  as  long  as  five  months.  Following 
this  work  with  the  spirillosis  of  fowls,  P.  H.  Ross  and  A.  D.  Milne  in 
Uganda,  in  a  series  of  cases  of  fever,  ascribed  by  the  patients  to  the 
bite  of  a  tick  (Ornithodoros  moubata)^  demonstrated  the  presence  of  a 
spirochaeta  in  every  case.  Drs.  Dutton  and  Todd  in  the  Congo  then 
shewed  by  experiment  that  the  spirochsetse  were  conveyed  to  a  healthj 
subject  by  the  bite  of  an  ornithodoros  which  had  fed  on  a  patient  suffer 
ing  from  tick  fever,  and  that  the  larvae,  hatched  out  from  eggs  laid  by  an 
infected  tick,  could  convey  the  infection  at  their  first  feed.  Borrel  and 
Marchoux,  working  with  the  spirillosis  of  fowls,  shewed  that  the 
spirochaetae  actually  developed  in  the  interior  of  the  argas,  but  that  the 
development,  which  took  place  readily  at  35°  C,  did  not  do  so  at  IS^'-SO'C. 
Theiler,  in  South  Africa,  in  the  case  of  spirillosis  of  cattle,  conveyed  hj 
the  RhipicepJuiUui  cl^x/)l</ratu$,  has  shewn  that  there  is  hereditary  trans- 
mission of  infection  from  parent  tick  to  offspring  through  the  egg. 

It  seems,  then,  that  in  tick  fever  the  tick  may  be  infected  in  two 
ways.  It  may  either  have  fed  on  a  person  suflfering  from  the  disease  or 
it  may  be  the  offspring  of  an  infected  tick.  For  the  development  of  the 
infection  in  the  tick,  from  the  analogy  of  the  parasite  of  fowls,  a  hvA 
and  fairly  equable  temperature  is  probably  required.  In  support  of  this 
it  may  be  stated  that  in  the  high  lands  of  East  Africa,  where  the  nights 
are  cold,  infection-experiments  with  ticks  brought  from  Uganda  have 
always  failed,  although  these  ticks  were  fed  in  East  Africa  on  animals 
whose  blood  was  swarming  with  spirocha^tai. 

Geographical  Didrihution. — The  disease  has  now  been  recognised  by 
the  identification  of  the  tick  and  the  finding  of  the  parasite  in  Uganda, 
the  Congo  Free  SUite,  in  Angola,  and  in  German  Ikist  Africa.     In  the 
latter  country,  the  disease  occurs  not  only  round  Lake  Victoria  in  the 
regions  adjoining  Uganda,  but  also  on  the  coast  line  at  Dar-es-SalaaoL 
Mesnil    states    that    the   disease   in    the    Zambesi    basin   has  also  been 
identified  as  duo  to  the  same  parasite.     In  the  high  lands  of  British  East 
Africa,   although  for  many  years  in  communication  with    Uganda  by 
caravan,  the  dise«ase  has  not  been  found  except  in  imported  cases.     In 
the  light  of  the  work  of  Borrel  and  Marchoux  it  seems  probable  that  the 
disease  will  be  found  to  be  practically  confined  to  hot  and  moist  areas. 

Drs.  Dutton  and  Todd  are  of  opinion  that  the  spirochseta  of  tick  itsfX 


Chart  I.  Tick  fever  in  a  native. 
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be  S,  obeimeieriy  and  that  the  disease  is  therefore  the  same  as  the 
psing  fever  of  Europe.  It  is  too  early  yet  for  the  question  to  be 
led.  In  favour  of  this  view  is  the  somewhat  similar  course  of  the 
ase  in  Europeans.  But,  on  the  other  hand,  the  experiments  of 
dakewitsch  and  of  Major  Lamb  with  monkeys  {Cercocelms  fuliginosus 
MacLicus  radiatns)  shewed  that  the  inoculation  of  these  animals  with 
<i  from  a  case  of  relapsing  fever  only  produces  one  paroxysm  of 
T,  whereas  two  species  of  cercopithecus  and  a  cynocephalus,  when 
filiated  from  a  tick  fever  patient,  suffer  from  nimierous  relapses.  (For 
jription  of  Spirochaeta  see  p.  46.) 

Dr.  Nuttall  some  years  ago  suggested  that  relapsing  fever  was  con- 
ed by  bed-bugs,  and  Schaudinn  has  lately  found  that  the  S,  obermeieri 
3  undergo  development  in  the  cimox. 

Post-Mortem  Appearances. — There  is  nothing  distinctive  to  be  seen 
^mortem.  There  may  be  slight  swelling  of  the  liver  and  spleen,  and 
)w  petechias  in  the  lung.  Smears  made  from  lung  and  liver  shew 
;e  numl>ers  of  spirochaetse. 

The  Incubation-period  is  probably  from  three  to  eight  days.  The 
od  varies  between  these  limits  when  the  disease  is  inoculated  into  a 
ikey.  Natives  sometimes  give  the  period  as  one  day  ;  but  the  tick  is 
ght-biter,  living  by  day  in  the  thatch  and  cracks  in  old  huts  and 
ing  out  at  night  for  food.  Such  a  short  period  as  one  day  is 
>ably  only  the  interval  since  the  patient  last  noticed  that  he  had  been 
en.  The  bite  of  the  tick  has  varying  lociil  effects  ;  on  some  people  it 
es  little  or  no  mark,  on  others  it  may  raise  a  red  lump  the  size  of  a 
1. 

Symptoms. — The  disease  runs  a  different  course  in  the  European  and 
native,  and  as  the  symptoms  vary  accordingly,  it  would  seem  better 
escribe  each  separately. 

In  the  native  the  chief  symptoms  are  fever  (103°-105°  F.),  headache, 
s  in  the  trunk  or  limbs,  and  sometimes,  but  not  always,  vomiting. 
re  may  also  be  diarrhcBa  and  cough,  but  these  latter  symptoms  arc 
constant  than  those  before  mentioned.  The  skin  is  hot  and  dry,  the 
unctivse  are  suffused,  the  tongue  furred,  and  the  respiration  and 
e  rates  are  both  quickened.  In  some  cases  there  is  tenderness  on 
sure  over  the  spleen,  but  neither  the  liver  nor  spleen  are  enlarged 
ss  by  some  previous  cause  such  as  malaria.  The  temperature  remains 
I  for  from  twenty-four  to  forty-eight  hours  with  a  slight  morning 
[ssion.  It  then  falls  by  crisis  and  either  remains  normal  or  sub- 
aal,  or  may  shew  a  slight  rise  on  the  following  day.  The  symptoms 
ppear  with  the  crisis,  and  the  patient  rapidly  recovers.  Kclapses 
very  rare  in  the  native.  When  they  do  occur,  after  an  apyrexial 
rval  of  from  one  or  two  days  to  a  week,  the  temperature  rises  and 
e  is  a  recrudescence  of  all  the  symptoms.  The  relapse  is  usually  of 
ter  duration  than  the  initial  attack,  and  the  symptoms  may  be  less 
re  ;  in  rare  cases  there  is  a  recurrence  of  the  headache  without  either 
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rise  of  temperature  or  vomiting,  but  with  the  reappearance  of  m 
parasites  in  the  blood. 

In  the  European  the  disease  runs  a  very  different  course,  and  is : 
more  severe.  There  is  at  first  a  feeling  of  malaise,  and  if  the  padei 
now  seen,  the  temperature  will  be  found  to  be  slightly  above  no 
In  a  few  hours  all  the  symptoms  will  have  developed.  The  temper 
rises  to  104^  to  lOd""  F.,  there  is  the  most  intense  headache  and  obel 
vomiting  first  of  food  and  then  of  bile.  There  are  also  pains  ii 
trunk  or  limbs.  In  some  cases  there  is  diarrhoea,  the  stools  hav^ 
dysenteric  appearance,  sometimes  even  being  streaked  with  blood, 
temperature  remains  high  for  from  one  to  three  days,  shewing  i 
morning  remissions.  The  tempemture  then  falls  by  crisis  to 
normal  and  all  the  symptoms  disappear,  leaving  the  patient  feeli 
ease  but  weak.  After  an  interval,  which  may  be  as  short  as  one  d 
as  long  as  three  weeks,  there  is  a  recrudescence  of  the  fever  i 
reappearance  of  the  other  symptoms ;  the  patient  has  his  first  re 
These  pyrexial  and  apyrcxial  periods  succeed  one  another  until 
m:iy  have  been  as  many  as  eleven  relapses ;  as  a  rule  there  are  fi 
six.  The  symptoms  are  usually  as  severe  in  the  relapses  as  i 
initial  attack  and  the  fever  is  as  high,  but  there  is  a  tendency  f< 
pyrexial  periods  to  become  shorter  and  for  the  apyrexial  peric 
become  longer.  There  is  the  greatest  variation  in  the  course  < 
disease  in  different  patients.  The  febrile  period  may  vary  in  1 
between  one  and  three  days,  and  the  intervals  between  one  and  ei^ 
days.  Hut  tlie  main  features  of  the  disease  are  the  same,  the  fevi 
IKiins,  and  the  vomiting  all  rccurnng  together  at  irregular  int 
When  the  last  relapse  is  finished  the  patient  will  be  found  to  have 
groat  deal  of  weight,  and  he  may  be  so  weak  that  he  can  hardly  i 
ho  TioNv  passes  into  a  slow  but  usually  uninterrupted  convalescenc 
nui.st  be  remembered  that  relapses  may  occur  in  temperate  climt 
months  or  more  after  the  patient  has  left  the  country  of  infection. 

Death  is  very  rare.  When  it  is  going  to  occur  the  temperatui 
to  below  normal  without  there  being  any  improvement  in  the  con< 
The  patient  become  unconscious  and  dies  in  a  comatose  state. 

Examinntion  of  the  Bl(Kxi. — The  parasites  are  usually  so  scanty 
|)eriphoral  bloorl,  and  so  difhcult  to  see,  that  it  is  useless  to  examin< 
blood  preparations.     Blood-smears  should  be  made  and  stained  eitl 
some  modification  of  Romanovsky's  method  or  by  gentian  aniline 
The  former  method  luus  the  advantage  of  allowing  the  observer  to 
for  malarial  parasites  at  the  same  time.     An  oil-immersion  lens  she 
used.     Even  in  cliniciilly  well-marked  cases  it  may  take  hours  of 
to  find  one  parasite.     Sometimes  nothing  may  be  found  during 
attack,  yet  parasites  may  Ikj  found  during  a  relapse.     When  foui 
paiasito  is  seen  lying  between  the  blood-cells  in  a  characteristic 
shape,  shewing  from  two  to  six  undulations  in  its  length.     The « 
chieta  is  from  15  /a  to  45  /i  long,  with  sharply  pointed  ends.     It  st; 
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nifonn  blue  witl^  Leishman's  stain,  and  shews  no  sign  of  stnicture  nor 
chromatin. 

There  is  a  marked  leucocytosis,  and  a  differential  count  shews  that 
B  polymorphonuclear  leucocytes  are  increased  relatively  to  the  lympho- 
te&  The  large  mononuclear  leucocyte  count  may  be  high,  but  in 
ilarial  countries  it  is  practically  impossible  to  exclude  recent  malaria, 
dch  would  account  for  an  increase  in  this  element  of  the  blood. 

A<eqiuls. — As  a  rule  recovery  is  uninterrupted,  but  in  some  cases  iritis 
cvirs.     As  in  syphilis,  this  usually  affects  one  eye  before  the  other. 

Diagnosis. — The  disease  with  which  tick  fever  is  most  frequently 
»n£usod,  and  from  which  it  is  most  difficult  to  make  a  differential 
iagnosis,  is  malaria.  The  diagnosis  can  only  be  made  with  certainty  by 
licroscopic  examination  of  the  blood.  The  finding  of  the  spirochseta  or 
i  the  malarial  parasite  will  at  once  settle  the  diagnosis,  but  a  negative 
examination  is  of  little  value,  although  when  dealing  with  a  patient  who 
baa  had  no  quinine,  su.ch  a  result  would  be  in  favour  of  tick  fever.  In 
dealing  with  natives,  the  occurrence  of  vomiting  should  suggest  tick 
fever,  as  this  symptom  is  rare  in  natives  suffering  from  malaria.  But 
in  natives  the  diagnosis  can  only  be  made  with  certainty  by  the 
inicrosc<>[)e. 

In  Kur(){)eans  the  vomiting  is  usually  more  severe  and  persistent  in 
tick  fever  than  in  malaria,  and  the  headache  and  pains  are  more  marked. 
The  reaction  to  quinine  may  cause  error  if  the  drug  be  given  just  before 
the  crisis.  The  occurrence  of  a  severe  relapse  in  a  patient  who  was  being 
thoroughly  treated  with  quinine  would  be  in  favour  of  tick  fever.  When 
a  microscopical  examination  is  not  possible,  the  points  in  favour  of  the 
^iwease  l)eing  tick  fever  are  the  severity  o£  the  headache,  vomiting,  and 
pains,  the  lack  of  reaction  to  quinine,  and  the  irregular  nature  of  the 
intervals  between  the  febrile  periods :  in  such  a  case  inoculation  of  a 
monkey  with  a  drop  or  two  of  blood  from  the  pjitient's  finger  would  aid 
the  diagnosis.  If  the  case  were  one  of  tick  fever  the  monkey's  tempera- 
tofe  would  rise  in  the  courae  of  a  few  days. 

Where  a  microscope  is  available  but  the  blood  examination  is  ncgn- 
tJve,  it  would  probably  be  worth  while  to  puncture  the  liver  with  a 
"ypoderniic  needle  and  make  smears  of  blood  drawn  off  this  organ,  for 
experiment  with  the  disease  in  the  monkey  shews  that  the  parasites  are 
oiiich  more  numerous  in  the  liver  than  in  the  peripheral  blood. 

Treatment. — No  drug  so  far  tried  is  of  any  use  cither  in  cutting 
■nort  the  disease  or  in  alleviating  the  symptoms.  Since  the  discovery  of 
^ne  spirochjeta  of  syphilis,  mercury  has  been  tried,  but  no  results  have  yet 
*^n  published.  All  that  can  be  done  is  to  keep  the  pitient  in  bed,  and 
^^e  fluid  diet  when  the  vomiting  allows  of  it  being  taken.  AVhen  food 
^^'^ot  be  taken  by  the  mouth,  recourse  may  be  had  to  recUd  feeding.  In 
7^  intervals  between  relapses  the  patient  should  be  kept  quiet  and  given 
^«t  nutritious  diet.  When  the  disease  h;is  run  its  course,  the  patient's 
'^'Hlition  will  call  for  good  food,  tonics,  and  rest,  until  the  lost  gi-ound 
^  heen  made  up. 

vou  II. — PT.  IT  X 


3o6  SYSTEM  OF  MEDICINE 


Fropht/laxiii, — Prevention  is  easy  for  Eiu'opeans,  and  consists  particu- 
larly in  avoiding  old  camping-grounds  and  in  tucking  in  the  mosquito  net 
80  that  a  tick  cannot  enter.  For  natives,  all  that  can  be  done  is  to  avoid 
what  arc  known  to  be  infected  c^mps,  and  to  warn  the  natives  against 
sleeping  in  old  infected  huts.  Such  huts  should  be  ])urnt,  and  a  ainiping- 
ground,  when  once  it  is  known  to  be  infected,  should  be  abandoued. 

Immunity. — A  certain  degi*eo  of  immunity  is  conferred  by  an  attack. 
In  the  monkey,  reinoculation  two  months  from  the  last  relapse  results  in 
the  appearance  of  scanty  spirochsetae  in  the  peripheral  blood.     But  the 
interval  l)etween  inoculation  and  the  appearance  of  the  parasites  is  pn> 
longed  (ten  days),  and  their  appearance  is  not  accompanied  by  any  rise 
in  teni[)erature.     This  explains  why  natives  suifer  from  a  much  shorter 
and  milder  form  of  the  disease  than  do  Europeans.     The  native,  liiing 
in   an   infected    hut,  is    constantly  liable    to   fresh    infection.     As  tbe 
immunity  conferred  by  one  attack  wears  out  he  may  be  reinfected,  but, 
as  a  result  of  the  previous  attiick,  he  is  not  as  susceptible  as  a  new- 
comer.    He  possesses  a  certiiin  amount  of  resistance  to  the  disease,  and 
one  attiick  is  sufficient  to  raise  his  degree  of  immunity  to  the  point  which 
is  only  reached  in  the  European  after  many  relapses. 

The  Disease  in  Monkeys. — The  course  of  the  disease  in  the  monkey 
is  shewn  in  Chart  III.  The  animal  is  evidently  ill  during  the  febrile 
period,  and  refuses  its  food.  In  the  intervals  it  appeal's  well,  and 
there  is  little  loss  of  condition  during  the  disease.  Examination  of 
the  blood  shews  the  spirochteta*  to  be  present  in  great  numbers  during 
the  fever,  but  they  disappe;ir  suddenly  at  the  crisis.  Coinciding  with  the 
rise  of  temperature,  there  is  a  marked  leucocytosis  with  relative  increase 
of  the  polymorphonuclear  leucocytes.  These  cells  and  the  large  mono- 
nuclears frequently  shew  vacuolation,  and  a  parasite  may  sometimes  be 
seen  in  the  vacuole  in  a  more  or  less  advanced  stage  of  degeneration. 

When  death  occurs  the  temperature  falls  below  normal,  but  the  spiro- 
cluetji3  can  still  be  found  in  great  numbers.  The  animal  becomes  comatose 
and  dies.  The  liver  and  spleen  are  usually  found  to  be  slightly  enlar;|:ed 
and  petcchia3  may  be  found  on  the  surface  of  these  organs  and  of  the 
lungs  and  kidneys.  The  bone-marrow  is  dark  in  colour  and  congested. 
Tin:  parasites  are  found  in  gi'cat  numbers  in  smears  of  lung  and  liver,  but 
are  scanty  in  the  bone-marrow  and  spleen.  Beautiful  illustrations  of 
j)liagocytosi3  can  l)e  seen  in  the  liver  and  lung  smears. 

Philip  H.  Ross. 
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THE  SPOTTED  FEVER  OF  THE  ROCKY  MOUNTAINS 

By  Louis  W.  Sambon,  M.D. 

SYNONYMS. — Simittd  Fever,  Black  Fever,  Black  Measles,  Blue  Disease, 

Tick  Fever,  Firoplasmosis  haminis. 

Inition. — An  acute  infectious  disease  of  about  two  weeks'  duration, 
wring  sporadically,  during  the  spring  months,  in  some  of  the  valleys 
he  Rocky  Moimtain  Plateau,  and  characterised  by  a  petechial  eniption, 
dmpanied  by  fever,  enlargement  of  the  spleen,  and  marked  nervous 
Qptoms. 

History. — For  over  thirty  years  the  spotted  fever  of  the  Rocky 
contains  hiis  l>een  looked  upon  as  a  distinct  disease  by  the  physicians 
Montana  and  Idaho,  and  in  1899  Maxey  refers  to  it  as  "an 
lependent,  specific  disease,  and  related  in  no  way  to  any  disease 
icribed  in  our  text-books  on  practice."  The  first  pulilished  account  of 
5  malady  appears  to  be  a  summary  given  by  Lieut.-Col.  W.  M.  Wood, 
S.  Army,  at  Boise  Barracks,  Idaho,  in  1896  ;  and  the  earliest  recorded 
Jes  were  in  1873,  in  the  Bitter  Root  Valley,  in  Montana.  Some 
there  believe  that  the  Indians  were  subject  to  spotted  fever  prior 
the  advent  of  white  men,  but  Wilson  and  Chowning,  who  investigated 
e  disease  for  the  Montana  State  Board  of  Health  in  the  spring  of 
02,  in  the  Bitter  Root  Valley,  were  unable  to  obtain  any  reliable 
'ormation  as  to  its  occurrence  among  the  Indians,  who,  until  1890, 
habited  the  valley.  In  July  1902,  Wilson  and  Chowning  announced 
W  they  had  discovered  an  intracorpuscular  parasite  of  the  genus  Babesia 
'•  Piroplasma)  in  the  red  blood-cells  of  patients  suffering  from  spotted 
*'er.  At  the  same  time,  they  incriminated  a  tick  Derniacmtor  reticularis 
"idtnidua  Marx  and  Neum.,  as  the  possible  carrier  of  the  infection,  and 
ggcsted  that  the  burrowing  squirrel  or  common  grey  spermophile 
^Uui  columbianus)  might  be  the  regular  host  of  the  parasite  they  found 
inan.  Their  observations  were  confirmed  by  F.  F.  Wesbrook  and 
p.  Cobb  in  1 902,  and  by  J.  F.  Anderson  in  1 903.  In  May  1 904,  C.  W. 
•Jes  visited  the  Bitter  Root  Valley  to  study  the  disease  from  a  zoological 
^point.  He  examined  microscopically  fresh  and  stained  preparations 
Wood  from  nine  characteristic  cases  of  spotted  fever,  and  also  a  slide 
«ived  from  Wilson  and  Chowning,  but  failed  to  find  any  Babesia, 
>reover,  he  found  no  evidence  that  the  burrowing  squirrel  was  the 
!Pnal  host  of  the  parasite  of  si>otted  fever,  or  that  the  tick  was 
carrier  of  the  infection. 

Geographical  Distribution  and  Etiologrieal  Factors. — Spotted  fever 
been  reported  in  several  of   the  Western  States  of   the  American 
On — Idaho,  Montana,  Wyoming,  Utah,  Nevada,  Oregon,  Washington 
^,  and  also  in  the  territory  of  Alaska  (Gwinu  and  M^CuUough). 
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Topographiml  Distribution. — The  disease  is  found  in  the  valleys, 
most  observers  point  out  that  it  is  contracted  while  the  patients 
residing  or  sojourning  in  or  near  the  foothills  of  the  mountains. 
the  Bitter  Koot  Valley  the  disease  is  confined  to  the  west  side  of 
river,  and  more  precisely  to  the  eastern  foothills  of  the  Bitter 
Mountains.  Tlie  west  side  is  narrower  than  the  east,  it  is  water© 
more  mimerous  mountain  streams,  and  has  much  more  timber 
underbush. 

Seasonal  JJistribution. — Almost  without  exception  authors  are  emp 
that  the  incidence  of  spotted  fever  is  confined  to  the  spring  mo 
It  appears  in  March  and  continues  until  the  latter  part  of  t 
According  to  M*Cullough  it  has  occurred  as  early  as  January  ao 
late  as  Julv. 

Epidemic  Character. — Si)Otted  fever  occurs  sporadically,  and,  alth 
Sweet  says  that  several  cases  may  appear  in  a  household,  it  is  except 
to  find  more  than  one  or  two  in  the  same  house.  The  i 
majority  of  writers  regard  the  disease  as  non-contagious.  The  di 
attacks  alike  persons  of  any  arj/e  or  either  sex ;  those  who  go  for  bus 
or  plciisure  to  the  lower  ranges  of  the  mountains  in  the  sprinij 
specially  liable  to  suffer. 

Morbid  Anatomy. — Examination  after  death  shews  nothing 
characteristic.  The  skin  presents  the  petechial  rash.  The  blo< 
dark  and  fluid.  The  muscles  are  of  a  deep  red  coloiur.  The  myocar 
shews  an  acute  parenchymatous  degeneration.  The  lungs  are  us 
congested.  The  spleen  is  enlarged,  of  a  slaty  purple  colour  and 
The  liver  is  slightly  enlarged.  The  kidneys  are  hyi^eraemic  and  swt 
There  are  no  important  changes  in  the  brain  and  spinal  cord; 
vessels  are  somewhat  congested. 

Symptoms. — The  dui-ation  of  the  iHcuhation  -  period  Is  uucei 
According  to  Anderson,  it  may  vary  from  three  to  seven  days.  Be 
places  it  at  from  ten  to  twenty-one  days.  Stiles  has  shewn  thai 
disease  may  develop  within  six  days. 

Onset. — In  many  cases,  the  disease  sets  in  suddenly  with  a  u 
rigor ;  in  others,  it  comes  on  gradually  with  lassitude,  general  mai 
and  chilliness.  As  a  rule,  the  period  of  invasion  is  marked  by  s< 
headache  and  backache.  The  jmtieut  is  restless  and  sleepless, 
face  becomes  finshed,  dusky  and  slightly  cedematous,  his  eyes  conge 
his  expression  listless,  dull,  and  heavy.  The  temperature  rises  raj 
and  the  skin  becomes  fhy,  hot,  and  pungent.  The  pulse  is  full 
acc(tlerated.  The  tongue  becomes  furred  and  inclined  to  tren 
Xausea  is  common,  and  vomiting  may  be  an  occasional  symp 
Frc'juently,  there  is  evidence  of  a  slight  bronchitis  from  the  outset 

Enijttion. — The    most    characteristic    feature    of    the    disease  is 
peculiar    oxantliem.       It    commences   usually    from    the    fourth   to 
seventh  day  of    the  disease — s(»metinies  later,  occasionally  earlier, 
appears  first  on  the  back  or  about  the  ankles  and  wrists,  extending 
two   or    three  days  over    the   entire    body.      On   first   appearance, 
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l^^r  sniption  consists   of  imelevated,  rose -coloured   spota  varying    in   size 

^^B    <">'Q  1   to  5  intn.  in  dinmeter.     Each  spot  i8  irregular  in  outline,  faJeB 

^^B    'nsensibly  into  the  hue  of  the  Burroiinding   skin,  and    disappears  com- 

T^B    pleifly  on    pressure.      In    two    or    three    tinya    these    spots    undergo    a 

^^B  nnfkod  change.     They  increase  in  size,  assume  a   purplish  colour,  do 

^H  HM  disappear  on  pressure,  and  become  petechial.     About  the  fourlecntb 

^^™.V,  ttie  eruption  begins  to  faiie,  but  it  may  remain  faintly  visible  for 

^"  BAny  weeks.      Its  disapi>earaiice  is  followed  by  a  branny  desquamation 

*"■'  the  cuticle  which  is  hanlly  noticeable.     In  addition  to  the  eruption, 

f|'e  stciii  is  always  jaundiced  to  a  greater  or  less  degree,  and  the  yellow 

<Wf>Iorotion  is  well  marked  in  the  conjunctivte. 

AV-,yT. — As  a  nile,  the  temperature  rises  .thniptly,  especially  when 
iho  rljgease  commences  witJi  a  rigor,  and  it  may  reach  102",  103°,  or 
<t\e\\  104'  F.  o„  the  evening  of  the  first  day.  Then  it  steadily  ascends 
with  (flight  morning  remissions  during  the  first  four  or  five  days.  The 
fiisii  ^iiini  is  usually  attained  by  the  fifth  day,  when  tlie  temperature 
rnny  >«  aa  high  as  lO.'i'',  lOfl",  or  even  I(.'7"  F.  In  mild  cases  it 
feldown  rises  above  KKC  F.  Having  leached  its  acme,  the  fever  con- 
t.inae«  until  the  tenth,  twelfth,  or  fifteenth  day,  when  it  begins  to 
ilorlincL     Defervescence  most  commonly  occurs  hy  lysis. 

^J'nltr. — Full  and  strong  at  first,  the  ptilse  later  becomes  soft  and 
***»t,  but  rarely  dicrotic.  It  gradually  becomes  more  rapid,  and,  though 
tt  iQay  not  be  above  100  throughout  the  whole  course  of  the  disease, 
ft  ID  Ay  reach  130  or  140  in  severe  cases.  Slight  catarrh  of  the  re^imtmy 
™<  is  always  {present  from  a  very  early  period  of  the  disease,  and  the 
""Pirations  are  more  or  less  increased  in  frequency. 
/JiyffHef  Trart. — The  tongue  is  clammy  and  furred  at  the  outaet; 
•tor,  it  liecomes  shrivelled,  dry,  brown,  and  tremulous,  and  sordes 
"''■'^mnlute  on  the  teeth  and  lips.  Anorexia  and  nausea  are  common, 
'■"tni  ling  rare.  Asa  nile  there  is  constipation,  but  in  some  instances  there 
ly-liiurhosa  associated  witli  abdominal  distension  and  sb"ght  tenderness. 
"'*  tplffti  is  tender  and  enlarged  early  in  the  disease,  and  may  extend 
nne  or  two  inches  below  the  ribs.  The  /iivT,  though  it  may  be  somewhat 
^'iiargeil,  is  not  tender.  The  lymphatk  glnnds  in  the  neck  have  in  a  few 
'^'s**  l)ecn  found  enlarged,  and  Anderson  reports  enlargement  of  the 
^Ulary  glands  in  one  case.  Epiffn-rin  is  freijuent,  and  sometimes  severe. 
'He  litoud  becomes  thick  and  dark,  its  coagulation- time  is  considerably 
I'cijlonged.  The  erythrocytes  are  slightly  reduced  in  luiinber,  and  their 
""tiiogiobin  diminished.  The  large  mononuclear  leucocytes  are  increased. 
fViBf, — The  urine  is  usually  scanty,  acid,  deeply  coloured,  and  of  high 
"fiecifie  gravity.  It  frequently  contains  a  trace  of  albumin,  numerous 
liifte-caats.  and  mnch  granular  debris. 

Nfromt  Syslmt. — Great  prostration  is  constant.  Headache  is  intense 
'ind  persistent ;  it  is  generally  frontal,  but  may  be  temporal  or  occipital. 
It  ia  accompanied  by  giddiness  and  ringing  in  the  ears.  Backache, 
rhicfly  in  the  lumber  region,  is  often  distressing.  Pains  in  the  legs  are 
not  uncommon,  and  the  patient  invariably  complains  of  general  soreness. 
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The  mind  is  usually  clear  early  in  the  disease,  but  by  degrees  the  patieni 
becomes  stupefied,  atid  there  may  be  a  quiet  muttering  delirium  or  violem 
raving.  Coma  and  death  usually  follow  the  delirium.  Occasioiudlr 
there  may  be  convulsions  before  death,  which  is  usually  from  exhaustioa 
Convalescence  is  usually  rapid  (Figgins),  but  some  authors  state  that  i 
may  be  prolonged  for  months. 

(.Complications.  —  Hyposttitic  pneumonia  and  gangrene  of  the  loes 
hands,  scrotum,  and  nose  are  frequent  complications. 

Mortality. — There  is  a  sti-iking  difference  in  the  mortality  of  Um 
disease  between  the  States  of  Idaho  and  Montana.  In  Idaho  it  i 
about  2  5  per  cent,  in  Montiina  from  70  to  80  i)er  cent,  and  in  sonw 
3'ears  even  90  per  cent. 

Diagnosis. — Spotted  fever  may  be  mistaken  for  measles,  small-{X)x 
purpura,  cerebrospinal  meningitis,  rehipsing  fever,  or  enteric  fever ;  hxw 
in  comparing  typical  cases  there  can  be  no  possible  confusion  l)e€aiisi 
spotted  fever  presents  very  distinctive  characters. 

Relation  of  Typhus  Fever  and  Spotted  Fever. — It  is  imi)ossibfc 
to  distinguish  sfX)tted  fever  from  typhus  fever,  and  I  am  iiiclinec 
to  think  that  they  are  identical.  Those  who  have  had  the  oppor 
tunity  of  studying  the  disease  believe,  however,  that  the  spotta 
fever  of  the  liocky  Mountains  difiers  from  typhus  both  clinically 
and  ei)i(lenn'ologically.  Clinically,  beciiuse  it  has  a  shorter  period  n 
incubation,  because  its  rash  appears  first  on  the  extremities,  it 
iierv^ous  symptoms  are  less  pronounced,  and  its  termination  is  by  lysis 
Kpidcniiologically,  because  it  is  limited  to  the  spring  months,  and  i 
non-con Ligious.  These  distinctions  are  illusory.  As  to  the  ])eriod  o 
incubation  no  comparison  is  possible  because  it  has  not  been  determiner 
definitely  in  either  disease.  Several  authore  state  that  the  rash  a 
spotted  fever  usually  appears  first  about  the  ankles  and  wrist* 
others  state  that  it  commences  on  the  fiice  or  l)ack.  In  typhus  fevo 
the  eruption  frequently  begins  on  the  extremities.  The  nenoiK 
symptoms  do  not  differ,  but  their  intensity  may  vary  exceedingly  ii 
both  diseases.  As  to  termination,  it  is  incorrect  that  typhus  fevei 
ahvavs  terminates  bv  a  sudden  crisis ;  the  most  common  form  d 
termination  being  by  lysis.  The  sciisonal  difference  put  forward  by  som 
authors  is  no  better  grounded.  Typhus  fever  is  pre-eminently  a  disease 
of  the  spring  months,  although  it  may  also  prevail  at  other  sea^M 
under  sp»'cial  conditions.  On  the  other  hand  cases  of  spotted  fever 
in  rfanuary,  Felnuary,  June,  July,  find  August  have  been  repi^rt«L 
As  to  the  (jucstion  of  contagion,  attention  may  be  drawn  to  publisbiHl 
instances  of  husband  and  wife  or  two  children  contracting  spottcc 
fever  at  about  the  same  time.  Stiles  considers  that,  despite  the  genera- 
experience  regarding  the  non-conta,giousness  of  the  disease,  such  clos* 
intimacy  as  sleeping  in  tlie  siime  bed  may  perhaps  lead  to  infection  o 
a  healthy  individual.  But  are  we  right  in  considering  typhus  fever  »^ 
contagious  ?  It  is  true  that  all  our  t^xt-})Ooks  descril)e  it  as  such,  »b^ 
that   J*rofessor  Osier  Siiys  it  is  "  one  of  the  most  highly  contagious  »• 
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fei)rile  affections."  But  yellow  fever,  relapsing  fever,  and  other  diseases, 
until  quite  recently  generally  regarded  as  contagions,  are  now  known  to 
be  conveyed  by  the  means  of  intermediary  agents.  A  careful  study  of 
the  epidemiology  of  typhus  fever  leads,  I  think,  inevitably  to  the 
conclusion  that  the  disease  is  not  immediately  contagious.  In  its 
eiicleraic  centres  typhus  fever  usually  appears  sporadically  year  after  year 
without  giving  rise  to  epidemics.  In  certain  years,  however,  especially 
afttr  the  depressing  influence  of  war  and  famine,  there  may  be  an 
enormous  increase  in  the  number  of  cases,  and  the  disease  takes  on 
epidemic  proportions  just  like  malaria,  yellow  fever,  and  relapsing  fever, 
under  very  favourable  etiological  conditions.  In  its  epidemic  outbursts, 
typhus  fever  attacks  almost  exclusively  the  lowest  classes,  and  more 
especially  the  inmates  of  crowded  dwellings,  such  as  jails,  asylums, 
and  lodging-houses.  It  has  prevailed  frequently  on  ships,  or  in  army 
canij)?,  with  all  the  appearances  of  an  exceedingly  contagious  disease. 
The  experience  of  hospitals  is  most  instructive.  In  badly  constructed, 
uncleanly  hospiuds  the  <lisease  has  frequently  spread  to  other  patients, 
»nd  attacked  doctors,  nurses,  and  attendants ;  in  others,  better  cared- 
for  patients  and  staff  have  remained  unaffected,  notwithstanding  the 
admission  of  numerous  cases.  As  in  relapsing  fever,  the  virus  of  typhus 
fever  is  able  to  persist  for  a  long  time  in  rooms  that  have  been  occupied 
by  the  sick,  and  old  clothes  and  bedding  have  often  been  the  means  of 
wnveying  it  to  a  distance.  Outbreaks  of  typhus  fever  have  oftftn 
followed  on  the  arrival  of  famine- stricken  honles  though  not  suffering 
^rom  the  disease.  Kemarkable  examples  were  witnessed  in  1868,  in 
Algeria,  when  many  of  the  persons  attending  to  the  relief  of  the 
famished  natives  were  attacked,  notwithstanding  that  their  contact  had 
|>c<?n  of  the  slightest  and  invariably  in  the  open.  These  and  other  facts 
m  the  epidemiology  of  typhus  fever  are,  to  my  mind,  only  capable  of 
^>ne  interpretation,  namely,  that  the  disease  is  not  immediately  contagious, 
but  thiit  it  is  traasmitted  by  blood-sucking  parasites  such  as  the  common 
P^hug,  or  the  body-louse,  and,  possibly,  the  flea.  Further  arguments 
m  favour  of  this  view  are  the  well-known  frequent  association  of  typhus 
fever  with  relapsing  fever  (yw/<?  vol.  i.  p.  1186),  and  the  notable  decrease 
01  both  diseases  in  conseijuence  of  the  expulsion  of  the  bed-bug  and  other 
vermin  by  habits  of  greater  cleanliness  in  households. 

Etiologry. — 1»  Idaho  spotted  fever  has  been  ascribed  to  drinking 
^he  Water  from  creeks  and  surface  wells,  and  some  of  the  local  physicians 
*ttnbuted  it  to  malaria.  Wilson  and  Chowning  were  the  first  to  descril^c 
*  ^cific  organism  as  the  cause  of  the  disease.  They  specially  point  out 
J^''  bacteriological  cultures  did  not  shew  the  presence  of  any  causal 
"^^ria,  and  they  describe  bodies  which  they  interpret  as  protozoa,  and 
called  '^  Pt/^roplasnui  hoininis"  (namely,  Bnhrsia  hominis).  They  further 
*tate  that  they  inoculated  rabbits  with  blood  of  spotted  fever  patients, 
^d  recovered  the  parasites  from  the  blood  of  the  inoculated  animals. 
'mIsoh  and  Chowning's  observations  were  confirmed  by  Cobb,  Wesbrook, 
^^  Anderson,  but  contradicted  by  Stiles  who  failed  to  find  any  Babesia 
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or  other  organism  in  cither  patients  suffering  from  spotted  fever,  or 
in  rabbits  inoculated  with  blood  from  fatal  cases.  Without  material  at 
hand  it  is  of  course  impossible  to  give  any  opinion  as  to  Wilson  m 
Chowning's  results ;  it  is,  however,  interesting  that  at  about  the  saiw 
time,  Gotschlich  in  Egypt  announced  the  discovery  of  a  Frnitem  in 
cases  of  typhus  fever  —  and  that  other  investigators  such  as  Tlioinoi 
and  Calmette  had  previously  described  protozoa  in  connexion  wth  the 
latter  disease.  Whatever  may  be  the  value  of  Wilson  and  Chowning's 
observations,  there  is  much  in  favour  of  the  protozoan  nature  •< 
spotted  fever.  The  disease  is  undoubtedly  a  hsemic  infection,  ainl 
the  mononuclear  increase  is  certainly  in  favour  of  a  protozoan  jviirasite. 
Wilson  and  Chowning  suggest  that  spotted  fever  is  probably  tnui> 
mitted  by  ticks.  They  were  led  to  this  hypothesis  not  only  bei-au>c 
they  believed  the  disease  to  be  caused  by  a  babesia,  but  l>ecause  in 
most  of  the  cases  there  was  evidence  or,  at  least,  a  history  of  tick  bites. 
Stiles  opposes  this  on  the  ground  that  there  is  no  proportion  ]>etweeii  the 
limited  number  of  cases  and  the  great  frequency  of  tick  bit<?s  in  the  Bitter 
Root  Valley  where  Dermacenior  reticulntiis  occidmtalis  is  exceedingly  common. 
The  suggested  identity  of  spotted  fever  and  of  ty])hu8  fever  might  al 
first  sight  appear  to  be  a  further  argument  against  the  hyi^thcsis  that 
spotted  fever  is  transmitted  by  ticks;  but  on  the  analogy*  of  relajising 
fever,  which  is  conveyed  by  ticks  in  Africa  and  Asia,  and  by  the  common 
l)od-l)ug  in  Europe,  this  method  of  transmission  appears  reasonable. 
Whatever  may  be  the  real  nature  of  s])otted  fever,  its  causative  agent 
must  be  closely  allied  to  that  of  typhus  fever,  and  I  have  no  doubt  that 
the  elucidation  of  the  disease  of  the  Kocky  Mountains  will  advance  our 
knowledge  of  the  etiology  of  typhus  fever. 

Treatment. — The  disease  is  self-limited,  and  a  large  proportion  of 
cases  recover  without  any  treiitment.  Drugs  indeed  have  no  effect 
upon  the  disease.  Wilson  and  Chowning  suggest  the  use  of  (|uiin'ne  in 
largo  doses,  preferably  hypodermiciilly,  but  it  has  often  been  used  with- 
out result.  Normal  saline  solution  in  rectal,  vesical,  and  sulxjutaneon? 
injections  are  said  to  have  }>een  beneficial.  Most  authoi's  recommend 
the  drinking  of  lari^o  (juantitios  of  water.  The  treatment  is  entirely 
symptomatic :  Salines,  calomel,  or  enemas  for  constip.'ition ;  cuW 
sponging  for  high  teni])erature  ;  Dover's  powder  to  relieve  pain  awl 
ro.<itlcs.snt'ss,  and  cardiac  stimulants  when  necessary.  The  {)atient  shouJ<l 
bn  frecjuently  turned  in  bed  after  the  disease  is  well  established,  in 
order  to  prevent  hypostatic  pneumonia.  Tlie  diet  should  consist  of 
milk,  broths,  and  eizgs. 

y'/vyy;////A/.//s.  —  Definite  statements  regarding  prevention  caimot 
made  until  the  aiu.se  of  the  disease  and  its  method  of  transmissiw  * 
are  detinitely  .known.  Meanwhile,  the  destruction  of  ticks  and  th*^ 
avoidance  of  their  bites  seem  reasonable. 

Louis  W.  Sambos. 
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YELLOW  FEVER 

By  Andrew  Davidson,  M.D. 

Synonyms. — English,  Black  vomit ;  French,  Fihre  jauiie ;  Spanish,  Fiehre 
ninarillfi,  Vomito  negro  or  prieio ;  Italian,  Fehhre  giaJla  ;  German,  Gclh- 
fifher ;  Latin,  Typhus  icterodes, 

Munition.  —  \'ellow  fever  is  an  infectious  disease,  characterised  by  a 
continued  fever  of  two  or  three  days'  duration,  followed  by  a  remission 
^ing  in  convalescence  or  jiassing  into  a  critical  stage,  marked  by 
'*undice,  black  vomit,  passive  hiemorrhages,  albuminuria,  suppression  of 
"^ne,  and  nervous  and  mental  disturbances. 

Endemic  Habitats. — ^Yellow  fever  is  endemic  in  three  regions — the 
'^^t  Indies  and  the  adjacent  coast  of  Mexico,  the  Senegambia  and  Ivory 
°*8ts  of  Africa,  and  Brazil.  Three  points  in  particular  stand  out  in  llie 
^tory  of  yellow  fever,     (i.)  Its  comparatively  recent  appearance  in  each 

these  regions  ;  (ii.)  the  long  intervals  during  which  it  has  l)een  absent 
^*Xi  every  individual  locality  in  these  endemic  areas  ;  (iii.)  the  fre- 
^ficy  with  which  its  reappearance  can  be  traced  to  importation  by 
'pping  from  infected  centres. 

IFed  Indus. — The  first  outbreak  that  can  be  recognised  with  cortfiinty 
i^ellow  fever  is  that  which  appeared  at  Barbadoes  in  1647.  That  this 
•^  the  tnie  typhus  icterodes  is  to  be  inferred  not  so  much  from  its 
^"ing  been  ** as  killing  as  the  plague"  as  from  the  significant  circum- 
'•^^ce  that  it  extended  its  ravages  to  the  shipping  in  the  harbour,  by 
*ich  it  was  introduced  into  St.  Christopher  and  thence  to  Guadeloupe. 
^^  symptoms,  moreover,  were  quite  characteristic,  which  amnot  be  said 

^iarlier  epidemics  supposed  to  have  been  yellow  fever.  Yellow  fever 
'^ke  out  in  Cuba  for  the  first  time,  so  far  as  can  be  ascertained,  in 
^•%8-49,  i.p.  about  140  years  after  the  Spaniards  settled  in  the  island. 
^e  first  accounts  of  its  appearance  in  Jamaica  date  from  165r> :  in  San 
^tningo  from   1656;  in  Martinique  from    1688;  at  Vera   Cruz   from 
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1690  ;  and  in  St.  Thomas  as  late  as  1793.  During  the  sevcnteentli  loc 
eighteenth  centuries  yellow  fever  was  apparently  ahsent  from  each  oi 
these  islands  for  long  periods  of  years.  Barbadoes,  for  example,  enjojd 
immunity  from  1647  to  1690,  when  the  disease  again  broke  out^iod 
was  known  as  "  The  new  pestilence "  or  "  Kendal's  disease."  Hm 
inhabitants  of  Barbadoes  would  hardly  have  bestowed  upon  it  nek 
designations  if  it  had  been  then  of  frequent  occurrence  in  the  island  aid 
well  known  in  the  West  Indies.  Another  break  of  fifty-four  y«n 
occurred  in  this  island  between  1739  and  1793.  In  San  Domingo 
nothing  very  certain  is  heard  of  it  for  the  thirty -five  years,  174^1, 
and  about  the  same  period  it  was  absent  for  thirty-eight  years  fron 
Jamaica.  It  appears  to  have  been  unknown  in  Cuba  from  1656  to  1674 
from  the  latter  date  on  to  1702,  and  again  from  1706  to  1746.  Similii 
gaps  occur  in  the  epidemiological  records  of  yellow  fever  in  the  otkei 
islands.  Although  unrecorded  outbreaks  no  doul^t  occurred,  the  broit 
truth  remains  that  yellow  fever  has  been  absent  for  long  series  of  yeir 
from  every  spot  in  its  West  Indian  habitat. 

No  less  remarkable  is  the  ever-recurring  mention  of  the  transit  ( 
yellow  fever  backwards  and  forwards  from  island  to  island  by  ships.  S 
far  back  as  1698  the  importance  of  this  mode  of  transport  had  becon 
so  well  recognised  that  in  that  year  a  quarantine  ordinance  was  paan 
in  San  Domingo,  applying  to  ships  coming  from  the  Windward  Islanc 
''  in  order  to  prevent  the  introduction  of  the  Mai  de  Siam,"  as  yellc 
fever  was  then  called.  It  is  also  clear  from  this  that  the  inhabitants  c 
not  look  upon  it  as  permanently  endemic  in  their  midst.  The  fref^ueni 
too,  of  outbreaks  at  difterent  ]ilaces  seems  to  have  borne  a  direct  relati 
to  the  activity  of  trade  between  towns  within  the  yellow  fever  zone  a 
to  the  numbers  of  susceptible  strangers  resident  in  a  locality. 

West  doaat  of  Afrim, — Whether  yellow  fever  be  indigenous  to  t 
coitst,  and  was  carried  thence  in  connexion  with  the  slave  trade  to  t 
W(?st  In<lies,  or  whether  it  was  introduced  into  Africa  from  the  Ittt 
cannot  now  l)e  determined  with  any  certainty.  The  first  unimpeachftl 
evidence;  of  its  existence  in  this  region  dates  no  further  back  than  t 
year  1778,  when  it  was  epidemic  at  St.  Louis  in  Senegal.  From  Schott 
account  of  this  outbreak,  as  well  as  from  subsequent  observations, ' 
find  yellow  fever  on  the  West  Coast  of  Africa,  as  in  the  West  Indi 
being  carried  from  place  to  place  by  maritime  commerce,  and  havi 
periods  of  outbreak  followed  l)y  considerable  inten-als  of  absence. 

/>/•(/://. — As  a  constant  element  in  the  nosology  of  Brazil,  yellow  fet 
dates  from  the  last  (]narter  of  1849,  when  it  was  introduced  from  Ha^ii 
or  New  Orleans,  or  from  both.  From  that  time  onwards,  deaths  fro 
this  disease  have  been  registered  every  year  in  Kio,  with  the  exceptt 
of  1865.  The  annual  mortality  fluctuates  greatly,  remaimng  high  i 
thrt'c  or  four  years  in  succession,  then  sinking  to  a  minimum. 

It  is  from  these  three  centres  that  yellow  fever  has  been  propagatt 
to  otlicn-  ])arts  of  America,  to  Kurope,  to  the  Congo  Coast,  and  to  tl 
West  African  Islands.     The  continents  of  Asia  and  Australia,  the  Prf 
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iii'sum  kl&nds,  the  eastern  coast  of  Africa,  :ind  the  grenier  part  of  Earope 
huve  hitherto  esciiped  ihia  pestilence. 

Area  of  DifiTuslan. — From  the  West  India  centre  yellow  fever  has  been 
t-aii  iiij,  times  without  number,  to  the  Gulf  and  Atlantic  coastfl  of  America, 
;inJ  tu  towns  on  the  Mississippi,  those  most  frequently  infected  being  the 
viiilherii  aea  and  river  ports  in  constant  communication  witli  the  West 
Iriilies.  The  Pacific  coasts  of  Central  America,  cut  off  fiom  direct  sea 
I'oiamunication  with  the  West  Indies,  have  guttered  little.  The  North 
Ailaiitii:  coftBt  of  South  America,  from  the  Giilf  of  Darien  to  Cayenne, 
has  been  subject  to  fre<|uent  outbreaks.  After  yellow  fever  became 
ilomwticawil  iu  Brazil,  it  has  been  introduced  more  than  once  into  Monte 
\  i'leo  nnd  Buenos  Ayres ;  it  has  penetrated  up  the  Parana  to  Corrientea 
and  Aiiin^ion  ;  it  was  carried  to  Peru  for  the  firat  time  iu  1854,  where 
'I  ibreat^ned  to  become  endemic.  Guayaquil  was  visited  in  IT40,  in 
1^(2,  iinJ,  according  to  Nelson,  the  outbreaks  of  late  years  are  so  fre 
4<wri[  tbci-e  that  tbia  jiort  may  now  be  looked  upon  as  an  endemic  seat 
of  ibe  disease. 

With  the  exception  of  an  outbreak  at  Leghorn  in  1804,  all  the  fatal 
('|iiJoraica  of  yellow  fever  in  Eim)pe  have  been  restricted  to  the  Iberian 
|>«iiioeida  and  the  Balearic  Islands,  and  up  to  the  time  when  it  obtained 
» fiwttng  in  Brazil,  the  disease  had  always  Ijeen  imported  fr'om  the  West 
Yellow  fever  madu  its  first  appejtrance  on  European  soil  at 
Uii,  the  headiguurters  of  the  West  Indian  trade,  in  1 700,  and  subse- 
(Billyin  1730-34,  1741,  17G4,  and  1780.  Lisbon  was  attacked  in 
■ITS 3-2 4,  and  Malaga  iu  1741.  Eespectinf;  the  eighteenth  century  epi- 
^iw  it  has  to  be  observed  thai,  while  aorae  were  destructive,  none  of 
w«m  shewed  any  tendency  to  spread  inland  or  even  to  any  extent  along 
the  TOisL  It  was  very  different  in  the  gi'eal  outbreaks  of  1800-4,  1810. 
"•IS,  and  1819-20.  These  were  of  an  intense  type,  attacked  in  some 
iixtances  almost  the  entire  population  of  the  invaded  localitiea,  caused  a 
SWt  mortality,  and  exhibited  a  tenacity  and  power  of  diffusion  not 
™«rted  in  the  earlier  epidemics.  They  spreai:!  not  only  along  the  coast, 
'"It  extended  for  a  considerable  distance  into  the  interior,  making  great 
■•^^oc  in  Sedlle,  Murcia,  Jumilla,  and  other  iidand  cities.  The  later 
"Ulbreaks  iji  1823,  1828,  1870  were  milder  and  more  distinctly  localised. 
TiinUst  of  the  series  was  an  outbreak  at  Madrid  in  1878.  On  all 
fiiTTner  occasions  when  inland  towns  were  invaded,  it  was  by  extension 
iinni  a  previously  infected  coast  town.  On  this  occasion  it  was  carried 
'"««  from  Cuba  to  Madrid,  declaring  itself  immediately  after  the  return 
^  tfwps  fmm  Cuba,  among  whom  no  case  of  fever  bad  occurred  during 
"^  voyngc,  in  a  street  where  the  discharged  soldiers  had  taken  up  their 
1"»rter8,  It  appeared  on  the  15th  of  September,  and  after  attacking 
"fwit  fifty  persona  and  causing  some  thirty-five  deaths,  it  died  out  in 
'liB  middle  of  October,  Lisbon,  which  remained  free  from  yellow  fever 
'"iting  the  first  btlf  of  the  nineteenth  century,  experienced  two  outbreaks — 
H^  in  1850,  and  the  other  in  1856-07,  after  the  disease  had  established 
if  ia  Rio,  a  port  with  which  Lisbon  is  in  constant  communication. 
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A  few  outbreaks  of  a  limited  kind  have  occurred  in  France — that  of  St 
Nazaire  in  1861,  which,  having  been  very  carefully  observed  and  recorded, 
is  of  considerable  etiological  interest  (vide  p.  330). 

The  only  instance  in  which  yellow  fever  can  be  said  to  have  effected 
a  lodgment  on  our  shores  was  in  1865,  when  the  infection  was  introduced 
mto  Swansea  from  Cuba.  Its  attacks  were  restricted  to  those  who  U 
been  in  direct  communication  with  the  infected  vessel  or  who  lived 
within  two  hundred  yards  of  the  spot  where  she  was  berthe<l ;  in  iD 
the  cases  numbered  thirty,  and  the  deaths  seventeen  (4). 

The  extensions  of  yellow  fever  from  the  Senegaml)ia  coast  have  be» 
few,  and  limited  mainlv  to  the  West  African  Islands.     A  very  remirk- 
able  epidemic  of  what  apj)ears  to  have  been  true  yellow  fever  occmredii 
1891-92   at  various  military   posts  in   Upper  Senegal,    750  miles  fr« 
the  coast,  at  a  time  when  it  was  absent  from  the  coast  region,  and  bid 
not  been  seen  in  Upper  Senegal  for  ten  years.     The  natives  at  the  stf* 
time  appear  to  have  been  suffering  from    some    epidemic  disease,  d*  i 
nature  of  which  was  not  sufficiently  investigated.     This  incident  reciD> 
to  our  mind  Pym's  doctrine  that  vcllow  fever  is  a  disease  of  the  interi* 
of  Africa,  where  he  believed  it  to  exist  in  a  modified  form  among  Ui* 
native  races. 

Endemic  and  Epidemic  Characters. — The  conditions  necessun*  fo« 
the  endemicity  of  yellow  fever  are  {a)  a  winter  temperature  of  aboi*' 
OS  Y. ;  (/>)  the  presence  of  the  insect  host ;  (c)  a  supply  of  susi-eptiKt 
subjects. 

Epidemics  of  yellow  fever  are  of  three  kinds — (a)  autochthonoafl 
occurring  in  endemic  areas ;  (h)  exotic,  from  the  introduction  of  tlN 
disease  into  localities  outside  its  endemic  habitats ;  (r)  non-proingtbb 
outbreaks  bevond  the  rani'e  of  it.s  insect  host. 

Autochthonous  epidemics  continue  throughout  the  whole  year,  %vC 
])ersist  until  the  supj)ly  of  susceptible  sul)jects  is  exhausted.  Kxotii 
epidimiics,  on  the  other  hand,  are  arrested  by  the  approach  of  winter. 
and  fresh  outbreaks  depend,  as  a  rule,  on  a  new  importation  of  the  vim*. 
The  intrtxluction  of  a  yellow  fever  patient  in  the  e^u'ly  stage  of  the  disea* 
into  a  town  in  the  exotic  zone  where  the  stegomyia  exist*  is  sufficient  fee 
start  an  ej)idemic.  As  non-propagable  outbreiiks  occur  out8i<ie  the  ranp 
of  the  Stcnoinijia  fnsciato,  the  introduction  of  a  yellow  fever  ])atient  inW 
such  a  locality  cannot  give  rise  to  a  spreading  infection.  Non-propag»bk 
outbreaks  lire  caused  by  infected  mosquitoes,  and  only  those  exposed  (C 
their  bites  suff«n\  These  distinctions,  although  hitherto  overlooked,  art 
real  and  important. 

When   yellow   fever  is  introduced  by  a  person  suffering  from  tin 
(lis(;ase  into  a  locality  where  the  stegomyia  is  present,  from  twelve  t« 
foui'teen  days  elapse  before  new  cases  occur,  and  these  appear  in  th 
house  of  the  j)aticnt  or  its  immediate  neighbourhood.     An  instance  i* 
however,  recorded  by  Bryson  in  which  the  interval  appears  to  have 
onlv  ten   davs.      When,  on   the   other  hand,  the  disease  is  introdoc 
by  infected  mosquitoes  it  manifests  itself  within  a  few  days,  and  exc 
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nely  among  diose  exposed  to  their  bites,  and  second&ry  coses  appear 
it  fortnight,  and  it  may  be,  in  difterent  parts  of  the  town.  The 
tethcn  spreads  with  a.  nipidity  proportional  to  the  density  of  the 
Mceptllile  population,  the  numbei'  of  stegomyia,  the  freedom  of  iiiter- 
fOim  1>etw«en  the  healthy  and  the  sick,  the  degree  of  temperature  at 
'» tJnit^,  the  extflnt  of  overcrowding,  and  the  want  of  free  ventilation, 
■uiiury  conditions,  so  common  in  the  districts  of  seaports  adjoining 
rhours  and  wharves,  such  as  collections  of  surface -water,  stagnant 
■UtirE,  and  foul  drains,  favour  its  spread  and  increase  its  malignancy, 
le  dmiition  of  an  epidemic  is  pai'tly  determined  by  these  local  coadi 
tos,  partly  by  the  weatliur,  and  the  number  of  susceptible  subjects,  but 
"ply,  also,  by  the  season  of  the  yeitr  at  which  tbo  infection  is  introduced, 
c  extent  by  the  type  of  the  portietiiar  outbreak. 
Virus  and  Modes  of  Transmission. — Fiulay  of  Havana,  so  far  back 
^  1(i4l,  formulated  the  hypothesis  that  the  virus  of  yellow  fever  is 
"Kiilsicd  by  the  VuUx  mosquito.  His  views,  which  underwent  various 
lilicatiuiis,  failed  to  attract  attention,  imtil  the  demonstration  by  Pro- 
Dr  Konald  Ifoss  of  the  agency  of  the  anopheles  in  the  transmission  of 
BMUria  removed  the  a  pritni  improbabilities  that  had  before  militated 
»g»iii3t  the  serioits  examination  of  the  hypothesis.  All  researches  were 
up  till  then  directed  to  the  discovciy  of  a  bacterial  virus.  It  would  be 
t«diuiu  to  eniunernte  the  various  micro-orgaidsms  that  were  from  time 
^  lime  announced  as  the  vims  of  yellow  fever.  Sanarelli's  Baeillnx 
"I'^^xdfe  had  better  claims  for  consideration  than  most  of  them,  as  it  is 
uu'iouhtedly  present  in  a  certain  proportion  of  the  cases,  and  is,  more- 
"*'^.  capable  of  giving  rise  in  man  and  several  of  the  lower  animals  to 
•ome  of  the  more  ch^-acteristie  symptoms  and  lesions  of  yellow  fever. 
"  I  refer  to  it  now,  it  is  because  this  bicillua  when  present  may,  after 
'"X  b«  fonjid  to  play  a  suboniinate  but  not  insignificant  part  as  a  micro- 
"rganism  of  secondaty  infection  in  aggravating  the  charactei'  of  the 
'iiM.we. 

An  American  commission,  appointed   in    1900,  consisting  of   Reed, 

(Willi,  Agramonte,  and  Lazear,  took  up  the  investigation  of  yellow  fever 

<"i  npw  lines,  and  proved  the  inoeulahility  of  the  disease  by  the  blood  of 

rellow  fever  putieuts,  its  tntnsmissibility  by  the  Slegiimyia  faxciatii,  and 

.  iwifirmcil  experimentally — what  experience    had   already   taught— the 

flon-^ommiinicability  of  the  infection,  in  ordinary  circumstances,  by  bed- 

iling  and  clothing  soiled  with  the  dejecta  of  yellow  fever  patients.     The 

m«ult«  aiTJved  at  by  this  commission  have  boon  abundantly  confirmed  by 

(iiiit' 'lus,  Kib»6  and  Luiz,  Parker,  Beyer,  and  Pothier,  and  by  the  French 

Commis-sion  in  Brazil  (12).     It  will  be  sufficient  here   to  state  in   the 

fcwfiet  words  the  facts  which  have  been  established  by  these  researches, 

and  then  w  notice  certain  points  which  still  remain  unsettled. 

A.  1.  The  virus  of  yellow  fever  is  present  in  the  blooil  during  the 
first  three  flays  of  the  fever.  It  is  generally  absent  from  the  fourth  day 
of  the  disease,  even  when  the  fever  remains  high.  AVhether  it  is  present 
in  tbu  blood  during  relapses  is  still  imceruiin. 
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2.  The  inoculation  of  the  blood  of  a  yellow  fever  patient,  during  tbe 
iii*st  three  days  of  the  sickness,  whether  fresh,  defibrinated,  or  filtered 
through  a  Berkefeld  laboratory  filter,  gives  rise  to  the  disease  in  tic 
susceptible.  The  microbe  also  passes  through  the  Chamberland  porcelaii 
filter  F.,  but  seems  to  be  arrested  by  the  filter  B. 

3.  The  serum  heated  for  ten  minutes  at  55*^  C.  (according  to  the 
French  Commission  for  ^\q  minutes)  loses  its  \irulence ;  and  the  sane 
result  is  found  to  follow  keeping  the  serum  in  a  test-tube,  plugged  will 
cotton- wool,  for  forty-eight  hours  in  the  dark,  and  at  a  temperature  of  i( 
to  30 '  C. ;  but  the  serum  retains  its  virulence  for  five  days  when  preserred 
under  oil  or  vaseline. 

4.  Small  (juantities — 2  c.c.  to  O'l  c.c. — of  yellow  fever  blood,  injecttd 
hypodermiciilly,  suffice  to  give  rise  to  an  attack. 

5.  A  drop  of  virulent  serum  applied  to,  and  left  to  dry  on,  a  squire 
centimetre  of  excoriated  skin  failed  to  produce  the  disease. 

6.  Some  experiments  indicate  that  virulent  serum  heated  to  55  C. 
for  five  minutes,  and  the  serum  of  convalescents,  possess  the  property  oJ 
preventing  the  infection  or  of  rendering  it  milder.  The  latter  appean 
further  to  have  a  therapeutic  action.  These  results,  however,  require 
confirmation. 

7.  The  laboratory  animals  hitherto  experimented  on,  including  i"^ 
species  of  apes,  have  proved  refiuctory  to  blood  inoculations. 

The  fact  that  yellow  fever,  like  malaria,  is  communicable  by  inoco- 
lation,  suggests  that  it  also  is  normally  transmitted  by  the  agency  of  some 
suctorial  insect. 

B.  1.  The  ciirdinal  fact,  viz.,  that  the  Stefjomj/ia  fasciata  fed  on  yellow 
fever  blood  is  an  agent  of  infection  has  been  placed  beyond  doubt  bf 
repeated  and  carefully  conducted  experiments.  The  oidy  point  open  to 
discussion  is  whether  yellow  fever  is  solely  propagated  in  this  way.  That 
it  is  noimally  transmitted  by  the  stegomyia  is  certain.  The  bite  of  ona 
mos(|uito  has  proved  sufficient  to  cause  yellow  fever. 

2.  The  disc'ise  conveyed  by  the  mosquito  is  true  yellow  fever,  exhibit- 
ing the  characteristic  symptoms  of  the  malady,  and  running  a  normil 
course  in  a  mild,  severe,  or  fatal  form. 

3.  The  mosquito  fed  on  yellow  fever  blood  is  not  capable  of  giving 
rise  to  the  infection  until  aft^r  the  lapse  of  twelve  or  foui'teen  cUyi 
Exj)oriments  with  insects  fed  from  two  to  ten  days  have,  hitherto,  proved 
negative.  The  infect^nl  mosquito  has  communicated  yellow  fever  fifty- 
seven  days  after  contamination,  and  there  is  reason  to  believe  that  it  is  more 
virulent  after  it  has  been  conUiminat<3(l  for  a  considerable  time,  especially 
if  kept  at  a  temperature  of  27"^  or  28"  C. 

4.  The  h\U\  of  the  infected  mosquito  does  not  necessarily  cau* 
yellow  fever.     About  35  to  40  per  cent  of  experiments  of  this  kind  prow 


negative. 


T).  Marchoux  and  Simond  appear  to  have  established  the  transmisaiot 
of  the  virus  of  yellow  fever  to  a  new  generation  of  insects.  In  FebruiiT 
1905  the  eggs  of  a  stegomyia,  aged  twenty  days,  which  had  been  fed  on 


Mveral  yellow  lever  pirtiontB  were  hatched,  and  after  their  metamorphosis 
the  insects  wore  fed  on  glucose  for  fourteen  days.  On  the  2nd  Jlarch 
two  of  these  stcgomyiae  were  mude  to  bite  a  susceptible  person  newly 
iurived  in  Brazil  from  Portugal,  and  who  was  not  exposed  to  the  infection. 
No  reliction  followed.  The  aiime  person  was  bitten  again  by  one  of  these 
two  moamiitoes  on  the  10th  of  March.  Four  days  later,  viz..  on  the 
Uih.  the  subject  of  the  experiment  was  seized  with  fever  and  went 
tliruiigb  a  mild  but  tyijical  attack, — the  vomiting,  pains,  march  of 
iieni]wralure,  and  icterus  were  quite  characteristic.  After  the  patient 
recovcrixl  he  was  repeat«dly  bitten  by  infected  mosquitoes,  but  proved 
imniutie.  U  will  lie  ol«erved  that  the  subject  of  this  experiment  was 
iwice  bitten,  and  it  was  only  after  the  insect  was  fed  on  blood  that 
iijfcrtion  took  place.  Another  point  to  be  noticed  is  that  the  experi- 
mciiuil  disease  was  of  a  miid  type,  possibly  owing  to  an  attenuation  of 
th«  iini9  in  ita  passage.  Previous  experiments  of  this  kind  proved 
nrgattfe,  and  the  precise  conditions  under  which  the  virus  is  so  trans- 
mi  Med  are  still  unknown. 

C  The  virus  of  yellow  fever  has  not  been  discovered  either  in  the 
hleod  of  the  patient  or  in  the  body  of  the  mosquito.  It  apparently 
'wi"iig!  W  the  ulira-roicroseopic  class  of  pai-asites.  That  it  it  a  parasit« 
nwy  lie  safely  inferred  from  the  analogy  of  other  infective  diseases, 
Frnm  tJie  fact  of  its  alternate  passage  through  a  vertebrate  and  insect 
best,  and  that,  like  the  i>arasite  of  malaria,  it  requires  a  certain  time  for 
iw  development  in  the  moaijuito,  it  is  probable  that  it  belongs  to  the 
F^^ZOH.  There  is  no  reason  to  suppose  that  it  is  a  parasite  of  the  blood- 
^rptweles.  The  view  that  the  vinis  is  of  the  nature  of  a  toxalbumose, 
*»  suggested  by  Treille,  is  altogether  inadmissible. 

1).  It  has  not  been  proved  that  the  bite  of  an  infected  mosquito  is 
''if  onlj"  way  in  which  the  disease  is  conveyed  to  man,  nor  that  the 
"losjuito  can  derive  the  infection  from  any  source  other  than  a  yellow 
'ever  patient ;  but  no  other  mode  of  conveying  or  acquiring  the  infection 
'*  hmwu.  The  question  of  the  transmissibility  of  the  vims  beyond  the 
•woml  generation  of  mosquitoes  is  undecided ;  and  theie  is  no  evidence 
"it  or  against  the  existence  of  an  extra-corporeal  phase  in  the  life 
"f  the  pftm«ite. 

EtJolo(ry- — ^^^c  shall  first  notice  some  of  the  etiological  peculiarities 
"hich  distinguish  yellow  fever  from  other  epidemic  diseases,  and  then 
'oiuiiier,  more  briefly,  other  factors  which  enter  into  its  causation. 

!-  Ifellow  fever  is  notably  a  disease  of  seaports  and  neer-paiis.  It  is  in 
""ipurts  that  it  is  endemic ;  from  these  it  spreads,  and  in  these  the  great 
'Nemics  owiur.  Tlie  instances  of  yellow  fever  outbreaks  in  inland 
'•clitics  are  comparatively  rare ;  some  of  these  have  aJi-eady  Ijeen 
"oiiced,  SA,  for  example,  its  spread  to  inland  towns  of  Spain  in  1800-4  ; 
l^'wubreak  in  the  hinterland  of  Senegal  in  1891-92,  and  its  appearance 
"I  Madrid  in  1878,  In  the  severe  epidemics  of  1873  and  1878  in  the 
I'lileii  States,  yellow  fever  shewed  a  tendency  to  invade  localities  at 

I  distance   from   sea  and   river.     In  recent    years,  since    railway 
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communications  have  been  opened  up  between  yellow  fever  ports  and 
interior,  instances  of  this  kind  have  become  more  numerous.  St 
informs  us  that  the  disease  has  spread  inland,  in  Brazil,  along  the  lin 
railway  to  places  hundreds  of  miles  from  the  coast,  and  that  the  tow 
S.  Carlos,  a  long  way  in  the  interior,  has  been  decimated  on  more  i 
one  occasion.  But  it  is  doubtful  whether  yellow  fever  will  succea 
establishing  itself  in  the  interior  of  continents,  and  whether  the  t 
can  replace  the  ship  as  a  vehicle  of  its  diftusion. 

The  predilection  of  yellow  fever  for  seaports  is  due  to  three  facto 
{(i)  the  pr(» valence  in  these  of  the  Stegomyia  fascuUa ;  (b)  the  cons 
arrival  of  siiilors  and  passe ngei-s  from  countries  outside  the  yellow  f 
zone,  who  are  therefore  specially  susceptible ;  and  (c)  the  opportun 
they  afford  for  the  introduction  of  the  malady  by  the  circumstanc 
their  intercourse  with  infected  places.  To  realise  the  great  import 
of  the  si^cond  of  these  factors,  it  is  sufficient  to  recall  that  the  wide^ 
series  of  outbreaks,  extending  from  1793  to  1804,  of  which  the 
epidemics  in  Spain  in  the  nineteenth  century  were  episodes,  were  sta 
and  kept  going  by  the  presence  in  the  West  Indian  waters'  of  the  f 
and  troops  of  ditlerent  nationalities,  the  occupation  of  islands  where 
disease  was  latent  or  active  by  large  bodies  of  unacclimatised  sol 
and  sailors,  and  the  migrations  of  the  civil  population  from  one  plat 
another  on  account  of  military  and  revolutionary  movements. 

•J.  Since  yellow  fever  is  a  disease  of  seaports,  it  follows  that 
mainly  restricted  to  /mv  aUifudca.  No  definite  altitudinal  limits  ca* 
assigned  to  its  spread.  These  will  depend  on  the  existence  or 
existence  in  a  locality  of  conditions  compatible  with  the  temporar 
permanent  presence  in  it  of  the  stegomyia  and  its  proximity  U 
infected  port.  Temperature  is  here  the  chief,  but  not  the  sole  d 
mining  elonu*nt.  Petropolis,  near  Kio  de  Janiero,  at  an  elevation  of  : 
feet,  with  a  mean  winter  minimum  tempemture  of  20**  C,  has  rema 
compK'tely  exempt,  notwithstanding  that  a  large  portion  of  the  poj 
tion  spends  the  day  in  the  city,  returning  home  at  night.  Cases 
frequently  imported,  but  the  disease  does  not  spread,  the  stegomyia  I 
absent.  St.  Paulo,  on  tlie  other  hand,  to  the  south  of  Rio,  at  an  e 
tion  of  2000  feet,  with  a  mean  minimum  of  16P,  has  lately  siifl 
from  somewhat  severe  outbrciiks.  Newcastle,  in  Jamaica,  at  an  elevj 
of  4000  feet,  has  had  two  visitations — one  in  1856,  and  another  in  1 
Humboldt  fixed  the  limits  of  the  vomito  on  the  slopes  of  the  Mw 
Sierras  at  3243  feet,  but  in  1902  it  appeared  in  villager  near  Or 
and  Jalapa  at  t?levations  of  4108  to  4330  feet — the  highest  poir 
which  n()n-imj)orted  eases  have  been  observed — and  it  is  stated  thai 
appeaiance  of  the  fiver  in  these  places  was  heralded  by  the  advei 
the  stegomyia.  It  is  not,  however,  to  be  too  hiistily  concluded 
yellow  fever  can  maintiin  itself  and  become  in  any  sense  endemic  att 
altitudes. 

3.   Another  peculiarity  of  yellow  f(?ver  is  its  limitation  to  towns, 
generally  to  towns  of  some  considerable  size.     In  this  respect  it  di 
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from   malaria,  which  is  more  a  rural  than  an  urban  disease.     La  Koche,  in 
spealci  ng  of  Charleston,  says  : — "  The    inhabitants  of   the  surrounding 
country  are  sorely  afflicted  in  certain  seasons  with  remittent  and  inter- 
mittent fevers.     To  escape  these  they  take  shelter  in  the  city,  where 
such  oomplaints  do  not  prevail,  but  here  they  encounter  the  yellow  fever, 
whicli,  in  its  turn,  never  extends  beyond  the  limits  of  the  city."     Yellow 
fever,    it  is  true,  is  occasionally  imported  into  villages  situated  near  in- 
fected  ports,  and  spreads  in  them,  but  it  has  never  been  known  to  become 
iliflfiis^cl  to  any  extent  in  purely  rural  districts.     This  remarkable  differ- 
ence l>etween  the  habitats  of  yellow  fever  and  malaria,  no  doubt,  depends 
upon   the  distribution  and  habits  of  their  respective  hosts.     But  yellow 
fever     is  not  only  confined  to  towns,  but  is  often  limited  to  a  certain 
quarter  of  a  city.     The  more  elevated,  airy,  and  hygienic  districts  fre- 
quently escape  altogether,  or  are  less  severely  visited,  while  the  shore 
districts  are  being  decimated.     Bryson,  referring  to  Freetown,  in  Sierra 
Leone,  remarks  that  "  the  upper  part  of  the  town  and  the  barracks  where 
many  Europeans  lived,  between  whom  and  the  infected  part  there  was 
constant  communication,   entirely  escaped.       The  line  of   demarcation 
was  as  complete  as  if  it  had  been  marked  by  an  impassable  barrier." 

^'    Yellow  fever  is  a  h(m8e  infection.     It  is  not  in  the  street  or  the 

market-place  that  the  disease  is  usually  contracted,  but  in  an  infected 

house.     Intercourse  with  the  sick  is  free  from  danger.     It  is  the  sick-room, 

where  the  stegomyia,  which  is  the  common  source  of  infection,  lurks. 

The  frequently  repeated  assertion  that  yellow  fever  is  not  propagated  in 

hospitals  is  contrary  to  fact.     A  hospital  is  a  house,  and,  like  any  other 

house,    is    liable    to    become   infected.      An    infected   house,    i.e,    one 

harbouring  infected  mosquitoes  (not  necessarily  a  yellow  fever  patient), 

w  a  danger  to  its  inmates,  hence  the  frequency  of  multiple  cases  in  a 

family.     Sometimes  a  house  becomes  a  veritable  lethal  chamber  for  all 

who  live  in  or  enter  it.     An  instance  is  recorded  in  connexion  witn  one 

o!  the  outbreaks  in  Spain,  in  which  seventeen  persons  belonging  to  the 

j^       family  of  Mr.  Torret,  surgeon,  occupying  one  building,  contracted  the 

.'         disease,  fourteen  of  whom  died.     Every  one,  we  are  told,  who  put  his 

^J        foot  within  this  fatal  dwelling — doctors,  nurses,  priests,  undertakers — all 

^        were  attacked,  until  at  last  it  was  with  difficulty  that  any  one  could  be 

^  •        found  to  enter  it  in  order  to  perform  the  last  duties  to  the  dead.     Carter, 

referring  to  the  outbreak  at  Orwood  in  1898,  states  that  "of  forty-six 

\y       persons  non-immune  who  entered  the  house  called  *  Gray  Mansion,'  on 

or  after  the  21st  of  August,  forty-five  developed  yellow  fever,  very  few 

^       having  any  other  exposura"     The  length  of  time  that  yellow  fever  may 

'<        persist  in  a  house  is  limited  only  by  the  life  of  the  infected  mosciuitoes, 

^  ^        ^hich, according  to  Guit^ras,  may  extend  to  1 00  or  even  154  days,  although 

^^  ■        'mder  normal  conditions  few  live  beyond  70  days.     In  certain  circum- 

•tances,  still  imperfectly  understood,  the  virus,  as  we  have  seen,  may  be 

f'^mitted  to  a  new  generation  of  insects,  and  this  accounts  for  instances 

Jn  which  an  epidemic  has  reappeared  months  after  it  had  died  out,  without 

^    '      't  being  possible  to  refer  it  to  a  new  importation  of  the  disease. 
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5.  Yellow  fever  ditfera  from  most  other  epidemic  diseases  in  rtajiec' 
to  the  frequency  with  which  it  lireftks  out  in  ships,  the  extent  lo  «bicl* 
its  division  is  effected  by  miiritinie  commerce,  and  the  leiiacllf  an^ 
persistence  with  which  it  clings  to  an  infected  vessel.  For  us  a  y«U 
fever  vessel,  like  »  yellow  fever  house,  is  one  which  harbours  infeei —  _ 
raosciuitoes.  The  old  wooden  ships  engaged  in  the  sugar,  coal,  luC* 
timber  trades  were  more  liable  to  develop  yellow  fever  than  modena 
steamships,  which  iire  better  kept,  lie  for  a  shorter  time  at  infected  (lotu. 
and  are  not  detained  so  long  in  the  tropics  on  their  homewaiii  voysge. 
A  ship  becomes  infected  by  lying  in  a  port  where  yellow  fever  prevaiK 
or  from  proximity  to  an  infected  vessel  in  port  or  at  se-a.  PatietiU 
suffering  from  yeliow  fever  may  contaminate  mosipiitoes  present  ou 
board,  or  insects  already  infected  may  be  taken  on  board  along  wilh 
cargo  or  baggage.  Mosquitoes  may  fly  on  board  if  the  vessel  is  close 
land  ;  be  wafted  on  board  by  the  ivind  for  the  distance  of  half  a  mile 
least,  or  transported  by  lighters  to  a  vessel  moored  at  a  distance  from 
the  shore.  The  Anne  Marie  at  St  Nazaire  infected  seven  vessels  lying 
near  and  to  the  leeward  of  her  (vide  p.  330). 

In  whatsoever  manner  introduced,  mosquitoes  shew  a  preferen< 
certain  quarters  on  board,  which  afford  them  shelter,  waimth,  wal 
food.  This  explains  the  frequency  with  which  yellow  fever  is  c(infiii(<l 
to  a  particular  part  of  a  ship.  They  often  take  up  their  abode  i 
engine-room  or  galley  for  warmth.  In  sugar  ships  the  hold  is  naturally 
their  favourite  food  resort.  The  presence  of  wat«r  iittracts  theni- 
Dunlop  mentions  that  on  a  submarine-cable  vessel,  the  cable  hiitids, 
slept  between  decks  on  a  level  with  and  close  to  the  openings  of  two 
large  tanks  in  which  the  water  covering  the  cable  was  contained,  wer» 
practically  the  only  sufferers.'  Occasionally  they  hide  themselves  bchinl 
boardings,  or  in  some  obscure  place  from  which  they  only  issue  by 
night  or  when  disturbed.  Wheu  the  infected  insects  are  confined  lo 
the  hold,  no  case,  or  only  a  few  eases,  may  occur  during  the  voyagts 
yet,  when  the  hatches  are  opened  for  the  discharge  of  the  cargo. 
those  engaged  in  this  work,  or  otherwise  employed  ou  or  near  the 
vessel,  are  attacked.  Instances  of  this  kind  are  very  numerous.  When 
infected  insects  are  secreted  behind  Ixiardings  the  result  is  somewhat 
different.  In  the  case  of  the  Dmuistiemi,  which  iufected  the  town  of 
Port  du  Passage  in  1823,  there  was  no  disease  on  board  on  arrival,  of 
for  weeks  before.  The  car^  was  discharged  without  accident,  and  it 
was  only  when,  a  fortnight  later,  carpenters  began  to  remove 
decayed  planks  on  the  side  of  the  vessel  that  the  infection  was  let  loos(^ 
as  from  a  Pandora's  box,  ujwn  those  employed  on  or  living  near  where 
she  was  lying.  Exactly  the  same  thing  occurred  on  board  La  Rriit 
Fidoria  in  the  port  of  Guayaquil  in  1842.  If  the  stegomyia  hast 
to  water,  its  life  on  board  may  be  prolongeil  for  a  ^Mriod  of  two  or  three 
months,  and,  as  the  mosquito  is  capable  of  breeding  on  board,  a 

'  III  this  article  it  iimrvBUima  milieiiiiiliuii  of  lliu  moile  in  which  ypllow  hyaii 
pro|iftgMed  will  be  TouiiU. 
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■  i^trerution  will  have  an  opportunity  of  Incoming  infected  wben  a 
aUfCesBion  of  cases  of  yellow  fever  liapiwii  to  occur  at  inten-ftls  during 
fftti  "*"oyiige,  «iid  in  this  way  the  infection  is  maintained  beyond  the  life- 
sjwii  of  a  single  generation.  It  is  extremely  difficult  to  explain  the 
simr-tns  of  infected  insects  that  mufit  hiive  been  present  in  some  vesaels 
ill  »r«Jer  to  account  for  the  numbers  attacked,  unless  on  the  supposition 
ihiit.    they  hud  been  bred  on  board. 

A  hcitlthy  port  is  contaminated  by  the  introduction  of  a  yellow  fever 
palietil  or  infected  mosquitoes  in  all  the  ways  in  which  u  vessel  is  infected  ; 
liii'-  neither  the  patient  nor  the  mosquito  can  give  rise  to  an  epidemic. 
VToperly  so  called,  unless  the  stogomyia  is  a  native  of  the  locality. 
Outside  the  limiia  to  which  the  stegomyia  extends,  the  iniporUtion  of 
the  infection  can  only  give  rise  to  what  we  have  called  non-propagable 
oHlbreaka. 

Many  remarkable  illustrations  could  be  given  of  the  tenacity  with 

"'hich  the  infection  clings  to  a  vessel.     Thus,  the  crew  of  the  barque 

HuttiKKm  at  Sierra  Leone  were  neai-ly  all  carried  oft'  with  yellow  fever  in 

ihe  early  jiart  of  1837,  letiving  the  vessel  in  the  harboui-  destitute  of 

iLtiids  for  the  s{)ace  of  three  months,  during  which  time  the  fever  had 

ciaaed  ill  the  Colony.     When  at  the  end  of  September  fresh  hands  were 

induced   by  high  wages  to  take  her  home,  no  sooner  did  they  go  on 

ba-uxl  the  derelict  vessel  than  they  were  seized  with  yellow  fever,  and 

set  agoing  a  fresh  outbreak  in  the  Colony.     The  Foriugueee  emigrant 

ship  Miititi  da  Glorin,  contaminated  at  Rio  do  Janeiro. in  1874,  had  cases 

during  her  voyage  to   Lisbon,  where   she   was   put  in  quarantine   and 

remained  many  weeks,      On  her  return  voyage  to  Rio  a  very  severe 

ontbreak  of  yellow  fevei'  occurred  on  board.     Two  other  better-known 

instances  that  have  l>een  tiio  subject  of  much  discussion  will  be  presently 

ll^noticed. 

Yellow  fever  is  piir  txuUenfe  a  disease  of  wurai  clwtata,  and  of  the 
eat  months  in  the  countries  where  it  is  endemic.  We  know  of  no 
infection,  the  geographical  range  and  seasonal  prevalence  of  which 
e  so  clearly  determined  by  temperature.  Yellow  fever  can  only  maiti- 
tin  itself  perennially  where  the  mean  temperature  of  the  coldest  months 
lehea  20~  V.  Within  the  endemic  none  it  is  in  the  warm  months  that 
affiumes  epidemic  proportions,  although  its  uia-timum  prevalence 
1  not  coincide  with,  hut  follows,  the  maximiun  lemperatni-e.  In 
)  exotic  Kone,  including  the  Mid-Atlantic  States  of  the  ITnion,  Spidii, 
tad  Portugal,  yellow  fever  does  not  assume  an  epidemic  foim  until  the 
1^  temperature  has  stood  at  ^6'  or  i7'  C.  for  some  considerable  time ; 
Ut  once  the  disease  lias  declared  itself,  it  will  continue  to  prevail  at  a 
mcb  lower  temperature  than  that  necessary  for  its  development.  A 
rapid  fall  of  tbe  thermonietcr  is  followed  by  an  abatement  of  the  epidemic, 
which  becomes  extinct  when  tbe  temperature  has  fallen  to  freed  ng-poii it, 
although  sporadic  cases  may  still  continue  to  occur  for  some  time.  The 
r  Mcurrence  of  fresh  cas^s  in  the  succeeding  spring  or  summer,  without 
e  of  fresh  importulion,  as  was  sometimes  observed  in  Spain, 
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shews  that  infected  insects  or  their  progeny  can  survive  the  winter  of 
temperate  climates.  The  relation  of  yellow  fever  to  a  high  temperature 
depends  on  the  fact  that  the  evolution  of  the  stegomyia  is  accomphshed 
more  rapidly  when  the  temperature  is  high.  Their  multiplication  is  thus 
facilitated,  and  it  seems  probable  also,  from  sundry  observations,  that  they 
bite  more  readily,  and  that  their  bite  is  more  virulent  when  the 
temperature  exceeds  26""  C. 

Moderate  i-ains  alternating  with  perio<ls  of  drought  and  sultry  humid 
weather  promote  the  epidemic  prevalence  of  yellow  fever.  Heavy  rains, 
on  the  other  hand,  check  its  progress,  but  the  effect  of  rainfall  depends 
largely  upon  the  soil  and  drainage  of  a  locality. 

7.  Soil, — Severe  outbreaks  of  yellow  fever  have  so  frequently  coincided 
with  extensive  disturbance  of  the  soil  as  to  suggest  a  causal  relation 
between  the  twg.  This  coincidence,  to  mention  only  a  few  cases,  was 
observed  at  Natchez  in  1823,  1837-39,  and  1853,  and  at  Charleston  in 
1842,  1852-54.  Dr.  Barton  asserts  that  there  has  been  no  great  epidemic 
of  yellow  fever  in  New  Orleans  except  when  there  have  been  extensive 
exciivations  of  streets  or  canals.  Kermorgant  trrxes  the  epidemic  out- 
breaks in  Upper  Senegal  in  1891-92,  and  again  in  1897,  to  the  same 
cause.  In  the  siime  way  he  shews  that  the  outbreaks  of  yellow  fever  at 
Grand  Bassam,  and  that  at  Dakar  in  1892,  coincided  with  extensive 
upturning  of  the  soil  in  these  towns.  Dr.  Izett  Anderson  remarks  that 
the  soil  has  been  extensively  turned  up  on  three  occasions  during  the 
past  twenty-five  years  at  Kingston,  Jamaica,  viz.,  in  1872-73,  1876,  and 
1879,  and  on  each  of  these  occasions  there  has  been  a  severe  outbreak  of 
yellow  fever.  The  connexion  between  these  outbreaks  and  soil  disturb- 
ance may  be  due  to  the  creation  of  numerous  larger  or  smaller  depres- 
sions, which  become  filled  with  water  and  form  breeding-places  for  the 
stegomyia.  Further  observation  must  decide  whether  this  is  a  full 
explanation  of  the  phenomenon. 

8.  7/a/v,  lif'sidencf,  Acclmatisaiion, — The  white  races  are  most  sus- 
ceptible to  yellow  fever,  and  in  them  it  also  assumes  its  most  severe  forms- 
The  natives  of  the  south  of  France,  Italy,  and  Spain  offer  greater  resist- 
ance to  the  infection  than  those  of  the  north  of  Euroi)e.  Arab  soldiers 
from  Algeria  have  been  found  in  Senegal  and  Mexico  to  be  about  equally*" 
susceptible  as  natives  of  the  south  of  Europe.  The  American  Indian  v9 
apparently  little  less  liable  than  the  European  to  yellow  fever.  Th^ 
Chinese,  on  the  other  haiul,  are  more  resistant  than  white  men.  Nelson^ 
who  had  a  large  practice  among  the  Chinese  merchants  at  Panam^' 
when  the  work  on  the  canal  was  going  on  and  yellow  fever  wa* 
prevalent,  did  not  see  or  h(»ar  of  a  case  among  them,  and  others  haves' 
recorded  a  siniihir  experience.  The  circumstances  of  a  communitr^ 
have,  however,  to  be  taken  into  account.  It  is  doubtful  if  the  Chinese^ 
at  Panama  would  have  escaped,  as  they  did,  if  they  had  been  omployeA 
as  lal)ourei*s  on  the  canal.  At  any  rate,  in  other  places  and  circuu:-' 
stances,  the  Chinese  have  succumbed  to  the  disease  in  considerable 
numbers.     The  negro  race  exhibits  the  most  marked  resistance  to  th^ 
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m.  In  mild  epidemics  negroes  often  escape  entirely ;  in  severer 
iks,  they  are  less  liable  to  contract  the  disease  than  the  whites, 
hen  they  happen  to  do  so,  have  it  in  a  milder  form.  In  the  severe 
lie  at  Decatur  in  1878,  the  case-mortality  among  the  white  popu- 
was  44  per  cent,  that  of  the  negroes  13  per  cent.  Here  both 
vere  living  under  the  same  climatic  conditions  and  equally  ex- 
to  infection.  Negroes  who  have  been  born  and  brought  up  in 
ititudes  are  somewhat  more  susceptible  than  those  living  in  the 
There  are  probably  different  degrees  of  resistance  among  the 
5  tribes  of  negroes,  just  as  there  are  different  degrees  of  suscepti- 
among  the  whites.  A  body  of  500  Nubians  and  Sudanese,  which 
)anied  the  French  expedition  to  Mexico  in  1862,  remained 
iely  immune  while  the  French  and  Mexican  troops  were  being 
.ted  by  yellow  fever.  As  yellow  fever  is  unknown  in  Nubia  and 
idan,  this  extraordinary  insusceptibility  cannot  have  been  owing 
ir  having  passed  through  the  disease  in  infancy,  nor  is  it  to  be 
d  to  the  fastidiousness  of  the  stegomyia  in  refusing  to  feed  on  the 

for  the  French  Commission  to  Brazil  found  that  although  the 
does  shew  a  preference  for  the  white  man,  especially  for  the  young 
gorous,  with  a  delicate  skin  and  fair  complexion,  it  will,  neverthe- 
eadily  enough  attack  the  negro,  if  no  white  man  be  at  hand, 
ust  conclude,  therefore,  that  this  immunity  is  principally  due  to 
esence  of  some  protective  substances  in  the  blood  of  the  negro 

As  regards  mulattoes,  the  statement  of  La  Roche  to  the  effect 
le  least  mixture  of  white  blood  with  the  black  increases  suscepti- 
and  that  the  danger  is  in  proportion  to  the  amount  of  white  blood 
mixture,  is  borne  out  by  experience. 

e  influence  of  residence  in  a  yellow  fever  locality  in  diminishing  the 
bibility  of  the  white  race  is  another  remarkable  feature  in  the 
y  of  the  disease.  It  is  only  in  very  severe  outbreaks  that  the 
ivhite  native  is  attacked,  and  this  is  even  then,  upon  the  whole 
white  children,  on  the  other  hand,  so  long  as  they  belong  to  the 
)f  "  newcomers,"  are  liable  to  contract  the  infection,  but  they 
7  have  the  disease  in  a  very  mild  form. 

residence  for  a  number  of  years  in  a  town  where  yellow  fever  is 
ic  or  frequently  epidemic  confers  on  the  stranger,  in  a  minor 
,  the  insusceptibility  of  the  white  native ;  but  this  holds  good  only 
Mse  who  actually  reside  in  the  focus  of  infection.  Those  who  dwell 
neighbouring  country,  or  who  take  refuge  there  during  epidemics, 
irly  as  liable  as  strangers  to  contract  the  disease  if  exposed  to  it. 
ngth  of  residence  necessary  to  affoi*d  protection  will  vary  according 
frequency  with  which  the  infection  appears  in  the  place.  Torres 
1  found  that  in  Rio,  where  the  disease  is  endemic,  66*7  per  cent  of 
n  foreigners  occurred  in  those  whose  residence  was  under  a  year ; 
•er  cent  in  those  who  had  lived  less  than  four  years  in  the  town, 
ily  4*2  per  cent  in  those  who  had  more  than  four  years  sojourn, 
figures  agree  fairly  well  with  those  of  Rey  and  Lota,  and  may  be 
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taken  as  an  approximate  numerical  statement  of  the  ratio  of  susceptibility 
to  length  of  residence.     The  duration  of  immunity,  whether  acquired  br 
birth  or  residence,  is  in  most  cases  lifelong,  but  not  invariably  so.     Ii 
has  happened  that  the  native  of  a  yellow  fever  locality  who  has  lived  for 
a  number  of  years  in  a  cold  climate  has  had  a  fatal  attack  on   retumiog 
to  his  native  town.     Hut  apart  from  change  of  residence,  the  immunity 
of  residence  is  not  necessarily  complete,  so  as  to  ensure  safety  in  all  circum- 
stances.    An  indi\'idual  may,  indeed,  live  for  years  in  an  infected  tonni, 
provided  he  inhabits  a  quarter  not  visited  by  the  disease,  without  accjoir- 
iiig  :i\\y  real  immunity  :  and,  in  this  case,  whether  he  goes  abroad  or 
stays  at  home  he  is  liable  to  be  seized  during  a  severe  epidemic.     If  the 
insusceptibility  acquired  by  birth  or  residence  were  simply  a  matter  of 
acclimatisation,  those  living  in  the  immediate  vicinity  of  an  infected  city 
should  share  in  it  equally  with  those  who  live  within  its  limits  ;  but  this, 
as  we  have  seen,  is  not  the  case.    The  immunity  of  the  native,  in  its  highest 
degree,  is  acquired  by  having  passed  through  a  mild  form  of  the  disease 
in  infancy.     The  immunity  of  the  stranger,  who  has  resided  for  some 
years  in  a  yellow  fever  town,  is  possibly  the  result  of  repeated  inocula- 
tion of  the  virus  in  doses  insufficient  to  give  rise  to  a  recognis^ible  attack ; 
and  this  view  is  rendered  probable  by  the  fact  that  during  an  epidemic 
many  who  escape   the  declared  disease  suffer  from  nausea,   giddiness 
headache,   constipation,   and   yellowness  of  the  skin,  suggestive  of  an 
abortive  form   of  the  malady.     Acclimatisation,   properly  so  called,  if 
these  views  are  correct,  plays  a  smaller  part  than  is  generally  supposed 
in  conferring    protection   on   natives  and  strangers  of  the   white  race. 
Jiut  the  fact  that  Europeans  l)elonging  to  the  south  of  Euro{)e  enjoy 
a    relative    advantage    compared    to    the    Scandinavian    or   Englishman 
indicates  that  climate  has  a  certain   influence  on  susceptibility.     Pym 
remarke<l   that  the  case-mortality  in   Gibraltar  was  very  small  amonjs 
those  men  of  the  10th  Kegiment  who  had  been  quartered  for  some  years 
in  the  E;ust  Indies.     Those  who  had  recently  joined  the  Regiment,  on  th 
contrary,  suffered  seven^ly.     Of  eight  officers  who  had  been  in  the  Eas 
Indies  all  recovered.     Of  seven  who  had  not  l>een  in  the  East  Indies,  fiv 
died.     The  residence  in  a  warm  climate  did  not  appear  to  diminish  t 
liabilitv  to  the  infection,  but  reduced  its  fatalitv. 

9.  Pn'.<ouol  i'lnulUioui^  —  OiriijKitioii. — Cooks,  bakers,  blacksmithi 
en*;ineers  in  steamers,  sugar  manufacturers,  brewers,  and  hatters  have  bee 
observed  to  be  particularly  liable  t^)  suffer  in  exotic  epidemics.  Th 
occupations  do  not  a])j>ear  to  involve  the  siime  risk  in  the  tropics;  is^^ 
it  that  the  artificially  heated  atmosphere  attracts  mosquitoes  in  tempemitd^ 
climates  to  the  workshop  in  which  these  trades  are  carried  on  ?  Instance^*^^ 
are  fairly  numerous  in  which  yellow  fever  is  said  to  have  appearet^^^ 
first  in  the  liouses  of  washerwomen  engaged  in  washing  clothes  fron^^ 
infi^cted  vessels,  l)ut  few  of  these  are  altogether  free  from  doubt—— 
Nothing  is  more  conclusively  proved  by  the  experience  of  yellow  fercC^ 
hospitals  than  the  immunity  of  those  employed  in  washing  the  linen  o: 
tlie  sick.     Physicians  have  often  paid  a  heavy  tribute  to  this  disease- 
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In  Jamaica,  in  1808,  two  assistant  surgeons  and  twenty-one  out  of 
twenty-two  hospital  attendants  were  attacked.  In  Senegal,  in  1830,  of 
twelve  physicians  exposed,  ten  were  attacked  and  six  died,  and  in  1878, 
twenty-two  out  of  twenty-seven  perished.  At  Vera  Cruz,  in  1862,  the 
orderlies  in  attendance  on  the  sick  suffered  oiit  of  all  proportion  to  the 
rest  of  the  army,  and  had  to  be  replaced  by  the  Nubians  who,  as  we 
have  mentioned,  proved  refractory  to  the  disease.  Confessing  priests, 
whose  duties  take  them  to  infected  houses,  have  always  suffered  greatly. 
In  severe  epidemics  the  attacks  among  this  class  of  priests  have  varied 
from  80  to  98  per  cent.  Custom-house  officers  and  labourers  employed 
in  discharging  ships  from  yellow  fever  ports  furnish  a  large  proportion  of 
victims. 

Age  and  Sex. — In  the  Lisbon  epidemic  of  1857  it  was  ascertained 
that  of  3466  deaths,  2061  were  males  and  1405  females.  The  age 
distribution  per  1 000  was  as  follows  : — 

Years— MO       11-20      21-30      31-40      41-50       51-60      61-70      71-80      81-90 
26  116  212  194  166  152  94  31  9 

[     These  figures  shew  that  yellow  fever  is    more    fatal  to  men  than  to 
women  and  to  adults  than  to  children.     As  it  generally  assumes  a  milder 
•     form  in  women  than  in  men  the  ratio  of  liability  of  the  latter  will  not  be 
«o  great  as  that  of  the  mortality. 

Remote  Causes, — Fraser  informs  us  that,  among  the  troops  stationed  at 
f  Gibraltar,  it  was  observed  that  the  hard  drinkers  and  debilitated  were 
i  those  most  severely  affected.  "  Almost  all  the  first  victims  at  Baltimore 
f  in  1794  were  persons  habituated  to  the  immoderate  use  of  ardent  spirits, 
^  and  very  few  of  them  recovered."  Excesses  of  all  kinds,  fatigue,  exposure 
to  the  sun's  rays,  and  depressing  mental  emotions  are  enumerated  as 
entering  into  the  causation  of  yellow  fever. 

Second  Attacks. — One  developed  attack  of  the  disease  ensures  immunity 
w  life  :  exceptions  to  this  rule  are  extremely  rare.  When  yellow  fever 
'■^appeared  at  Gibraltar  in  1813  there  were  about  5000  persons  within 
^^  Walls  who  had  already  been  affected.  None  of  these,  so  far  as  could 
^  ascertained,  suffered  a  second  attack.  On  the  Lombardia  (page  339) 
^«ose  who  escaped  were  those  who  had  already  passed  through  the 
^^*»ea8e(13). 

lielapses  during  convalescence,  although  not  common,  are  full  of 
"^ger.  They  are  usually  to  be  traced  to  indiscretions  in  diet  or  ex- 
P^Ure  to  cold. 

-^  Incubation. — The  period  of  latency  in  yellow  fever  usually  extends 
*^in  thirty-six  hours  to  four  or  five  days,  but  it  may  be  prolonged 
^  a  fortnight. 

r^^^   Transmission  of  the  Virus — By  baggage^  clothing,  and  mercluindise. — 

-•^e  American  Medical  Commissions  and  the  French  Mission  to  Brazil 

^iicur  in  holding  that  yellow  fever  is  not  conveyed  by   fomites,  and 

"^^nce  conclude  that  disinfection  of  articles  of  clothing,  bedding,  and 

Merchandise  is  unnecessary.     It  has  been  proved  that  clothing,  bedding. 
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etc.,  soiled  witli  yellow  fever  discharges  do  not  convey  the  infection,  Iml 
it  does  not  follow  that  the  disease  cannot  be  introduced  into  a  locality 
by  mosquitoes  in  baggage  or  some  kinds  of  merchandise.     Infected  mo»- 
quitoes  are  prolmbly  more  frequently  transported  in  these  ways  than  if 
geiiei-ally  supposed.     As  this  is  a  question  not  only  of  scientific  interest 
but  of  practical  importance,  I  shall  briefly  state  the  grounds  on  which  I 
dissent  from  the  sweeping  conclusion  of   these   Commissions.      Strain 
informs  us  that  numerous  cases  of  yellow  fever  had  occurred  prior  to 
1893,  in  St.  Paulo,  in  persons  who  had  contracted  the  disease  elsewhere, 
but  that  it  did  not  spread.     From  this  wo  may  safely  conclude  that  the 
stegomyia  was  then  absent  from  that  locality.     It  was  in  1893  that  the 
disease  fii-st  appeared  among  those  who  had  never  been  out  of  the  city, 
and  in  the  following  circumstances :  A  German  had  stored  in  the  lobby 
of  his  house  and  in  the  small  courtyard  at  its  back,  a  number  of  casn 
containing  pieces  of  machinery  packed  in  straw.     These  came  by  ndl 
from  Santos,  a  port  town  fifty  miles  distant,  where  the  disease  was  then 
raging.     AVithin  a  few  days  of  the  oi^ening  of  these  cases,  Strain  wii 
called  to  the  son-in-law  of  this  man,  whom  he  found  suffering  from  i 
moderate  attack  of  yellow  fever.     In  all,  four  cases  occurred  in  thii 
house — two  being  fatal.     Next  to  be  attacked  was  a  cabinetmaker,  whoie 
workshop  was  built  against  the  wall  of  the  courtyard  in  which  a  number 
of  the  })acking- cases  were  stored.     From  this  as  a  centre  the  diseaie 
spread  to  other  houses  in  the  neighbourhood.     It  is  difficult  to  avoid  tho 
conclusion  that  infected  mosqiiitoes  had,  in  this  instance,  been  introduceA 
from  Siintos  along  with  the  jxicking-cases.     The  fatal  epidemic  at  Lisboa 
in    1857  originated  in,  and  was  for  a  time  confined  to,  the  custom-houie 
(2,  11).      The  first  victim  was  a  man  employed  in  a  badly  ventilated 
T'oom  in  which  the  baggage  from  IBrazil,  where  the  disease  was  then 
prevailing,    was   examined    and    stored.      Ten    persons    in    successioii 
employed  in  this  store  were  attacked  and  nine  died.     Here  was  a  clear 
case  of  house  infection :    but  whence  was  the  infection  derived  t    Not 
from  the  j)resence  in  it  of  a  yellow  fever  patient.     The  only  admissible 
explanation,  in  the  present  state  of  our  knowledge,  is  that  the  room 
was  infecte<l  by  moscjuitoes  introduced  by  baggage  or  goods  from  Rio. 
Another  instance  clearly  pointing  to  the  transmissibility  of  the  infection 
by  baggage  is  the  Madiid  outbreak  of  1878  (7,  9).     Some  17,000  Spanish 
troops  returned  from  Cuba  in  the  autumn  of  that  year.     No  cases  of 
fever  occurred   among  them  during  the  voyage  or  afterwards.      They 
landod  at  Saiitander,  aud  more  than  half  of  them  proceeded  direct  to 
Madrid  by  rail,  a  distance  of  300  miles,  which  would  not  occupy  more 
than  a  day.     The  troops  were  disbanded  and  took  up  their  quarters  in 
and  about  Tetuan  Stieet.     It  was  here  that  yellow  fever  appeared  abont 
the  1 5th  of  September,  not  among  the  soldiers,  but  among  the  inhabit' 
lints   of    the  (juarters  where   they  had   taken   up  their  abode.      Casei 
contitnied  to  occur  for  a  month.     In  all,  about  fifty  were  attacked  and 
thirty-five  died.     How  was  the  disease  introduced  ?     Not  by  the  soldieHi 
who   remained   healthy.     Not  by  mosquitoes  infected  on  the  spot,  for 
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there  was  no  source  from  which  the  infection  could  have  been  derived. 

No  other  explanation  remains  but  that  the  infection  was  conveyed  by  the 

baggage  of  the  soldiers,  which  was  not  disinfected  before  it  was  put  on 

board  or  after  being  disembarked  at  Santander.     We  must  either  suppose 

that  a  colony  of  infected  mosquitoes  was  transported  from  the  ship  in,  or 

adhering  to,  the  effects  of  the  soldiers,  or  that  the  baggage  contained  the 

germs  of  some  unknown  phase  in  the  life  of  the  parasite.     The  difficulty 

:     in  admitting  that  mosquitoes  from  the  ship  were  the  agents  of  infection 

^    will  be   lessened,  if  we  remember  that  the  contents  of  the  hold  were 

-_    transferred  bodily  and  directly,  so  to  speak,  to  Madrid,  and  if  infected 

mosquitoes  were  present  in  the  hold,  a  number  of  them  would  have  a 

fair  chance  of  being  conveyed  by  the  baggage. 

Instances  of  the  infection  being  carried  to  isolated  individuals  by 
contaminated  clothes  and  other  effects  are  not  mimerous,  but  the  foUow- 
•  ing  case  recorded  by  Dr.  Paterson  appears  to  me  conclusive.  Bahia  was 
^  free  from  yellow  fever  from  September  1850  to  March  1852.  In  the 
^  beginning  of  May  1851,  the  barque  Gipsy  arrived  from  Kio  with  the 
disease  on  board.  The  master  of  the  vessel  had  already  passed  through 
tbe  disease  in  the  West  Indies.  His  wife,  who  was  on  board,  was 
immediately  landed  and  went  to  reside  a  mile  or  so  in  the  country.  On 
tbe  16th  of  June,  six  weeks  after  landing,  she  was  seized  with  yellow 
fever  and  very  narrowly  escaped  with  her  life.  She  had  not,  in  the 
meantime,  been  on  board,  nor  did  she  have  any  communication  with  the 
vessel,  except  through  her  husband,  who  slept  on  shore  and  passed  the 
^y  on  board.  He  himself  remained  in  perfect  health  all  the  time.  The 
doctrine  that  clothes  soiled  with  the  discharges  of  yellow  fever  patients 
we  innocuous  is  fully  confirmed  by  experience,  but  it  does  not  justify 
the  conclusion  that  the  infection  cannot  be  conveyed  in  clothing, 
merchandise,  and  baggage. 

PmibilUy  of  othfr  Modes  of  Transmission. — The  success  which  has 
followed  measures  directed  to  the  extermination  of  the  stegomyia  furnishes 
tbe  strongest  evidence  that  the  mosquito  is  the  ordinary,  and  justifies  the 
presumption  that  it  is  the  sole  agent  of  infection.  Another  argument  in 
favour  of  the  exclusive  agency  of  the  stegomyia  in  the  transmission  of 
yellow  fever  is  found  in  the  striking  correspondence  between  the  geo- 
S^phical  distribution  of  yellow  fever  and  that  of  the  stegomyia.  But, 
■*  the  parasite  of  yellow  fever  and  its  life -history  are  unknown,  the 
P088ibility  of  the  infection  being  communicable  in  some  otlier  way  cannot 
*t  present  be  altogether  excluded,  however  improbable  it  may  appear 
that  a  parasite  which  has  become  adapted  to  life  alternately  in  man  and 
tbe  mosquito,  should  also  be  capable  of  an  extra-corporal  existence. 

Does  the  mosquito  hypothesis  adequately  explain  all  the  well-ascer- 
tained facts  in  connexion  with  the  propagation  of  the  disease  ?  If  we  were 
to  accept  the  accounts  of  yellow  fever  appearing  spontaneously  at  sea  in 
Vessels  from  cold  latitudes,  of  its  being  communicated  by  clothing  stowed 
**ay  in  boxes  for  three  years  or  longer,  of  a  physician  contracting  the 
disease  in  Paris  while  examining  the  dejecta  of  a  yellow  fever  patient 
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obtained  from  abroad,  and  similar  stories,  the  hypothesis  would  be  entirelj 
inadequate.  Most  of  these  narratives  may  be  put  aside  as  being  not  only 
improbable  in  themselves,  but  as  defective  in  detail  There  remain,  hot- 
ever,  a  few  cases  sufficiently  well  attested,  which,  as  they  present  cerUi 
difficulties — real  or  apparent — must  be  briefly  noticed. 

1.  Berenger-Feraiid,  an  unimi)eachable  authority,  states  that  hekiMr 
an  instance  of  yellow  fever  breaking  out  in  a  remote  village  of  the  Bm8» 
AIpcs,  in  the  house  of  a  family  that  had  just  received  the  non-disinfected 
clothing  of  a  pitient  who  had  died  of  the  disease  in  Senegal.  If  tiui 
outbreak  had  been  witnessed  by  himself  the  narrative  would  have  carwJ 
greater  weight.     He,  however,  believed  it  to  be  authentic. 

2.  Another  case  deserving  notice  is  that  of  Dr.  Chaillon  who  coa- 
tracted  the  disease  at  the  village  of  Montoir,  some  four  miles  from  St 
Xazaire,  while  attending  three  patients  who  had  sickened  on  board  the 
Anne  Marie  (13),  to  which  reference  has  already  been  made,  and  whohil 
gone  home  to  their  native  villages.  The  doctor,  who  had  not  been  neartkl 
town,  was  seized  on  the  8th  or  9th  day  after  commencing  his  attendinci 
on  these  patients,  and  died  with  black  vomit  and  all  the  symptoms  oi 
yellow  fever.  Dr.  Chaillon  must  have  received  the  infection  directly  fro* 
his  patients  or  from  the  bite  of  an  infected  stegomyia  conveyed  from  4i 
ship  in  their  effects.  Those  who  attach  any  weight  to  the  instanoei 
adduced  above  of  the  transport  of  mosquitoes  in  baggage,  will  see  littk 
difficulty  in  accepting  the  latter  view,  which  justifies  every  precautioii  ii 
respect  to  clothing. 

3.  The  history  of  H.M.S.  Eclair  is  interesting.     This  ill>£ated  vc«4 

which  was  infected  at  Sierra  Leone  in  July   1845,  introduced  yelb* 

fever  into  the  island  of  Bona  Vista  and  then  carried  it  to  England,  wbert 

fatal  cases  continued  to  occur  till  the  1 1th  of  October.     Out  of  146  offioefl 

and  men  140  were  attacked  and  73  died.     After  undergoing  disinfectioi 

and   extensive  repairs  in  England,  she  sailed  for  the  Cape  under  tb 

name  of  the  Rosamond  on  February  23,  1847.     On  entering  warm  Uo* 

tudes,  several  cases,  which  were  looked  upon  as  yellow  fever,  appeared  ob 

board,  one  of  which  terminated  fatallv  with  black  vomit.     If  these  wert 

.  .".  ..1. 

cases  of  genuine  yellow  fever  the  infection  must  have  persisted  in  the 

vessel  for  seventeen  months  from  the  date  of  the  last  case  without  the 

j)ossibility  of  a  fresh  infection — a  view  which  cannot  well  be  recondW 

with  the  mosquito  hypothesis  as  now  accepted. 

4.  The  case  of  the  U.S.  ship  of  war  Plymouth  is  of  importance,  as  tha 
facts  are  beyond  dispute.  The  Plynundh  was  infected  at  Vera  Gnu  i» 
the  beginning  of  November  1878.  She  was  fumigated  with  sulphtf 
during  lier  homeward  voyage,  and  again  after  her  arrival  at  Norfolk,  aw 
for  a  third  time  at  Portsmouth,  N.H.  She  then  proceeded  to  Bo6f« 
where  she  was  dismantled,  everything  movable  taken  out  of  her,  erpoiJ 
for  three  months  to  a  temperature  about  the  freezing-point,  and  twki 
fumigated,  first  with  30,  and  again  with  50  lbs.  of  sulphur,  all  openiBp 
being  closed.  On  being  refitted,  she  put  to  sea  on  the  15th  March,  iv 
within  a  week  two  cases  of  yellow  fever  declared  themselves  on  boiii 
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» infectevl  itieecte  miiat,  in  this  instance,  have  survived  the  cold  and 
eat«il  disinfections  for  130  days  ('21).  The  cases  of  the  Eclair  nnd 
nunih,  if  they  justify  some  reserve  in  concluding  that  the  bite  of  an 
iwted  mosquito  is  the  stAe,  do  not  touch  the  truth  that  it  is  the  'inihiiiiy 

onlij  knoirn  mo<ie  in  which  the  disease  is  coniraunieated. 
I  Pathology  and  Morbid  Anatomy. — Eigor  m-/rlh  ap}>ear8  early  and  is 
' ']  marked.      The   yellow  colouration  of  the  skin,  not  always  present 
in^  life,  is  rarely  absent  after  death,  niid  is  usually  associated  with 
jgiktiona  and  ccehymoses.     The  hands,  feet,  and  genital  organs  are 

I  The  hlood  in  yellow  fever  coagulates  loosely,  the  fibrin  being  diminished. 
K  number  of  the  red  corpuscles  is  not  nccessai-ily  reduced  nor  the  per- 
;e  of  hiemoglobin  tbey  contain.  The  white  corpuscles  are  diminished 
i  varying  extent.  In  a  case  reported  by  an  American  Commission, 
'lucoeyies  felt  from  6355  to  26GG,  and  an  entire  absence  of  eosino- 
h  was  not4<d.  Further  observations  are  necessary  to  establish  accurately 
)ft  leucocytic  formula  of  yellow  fever.     In  two  cases  observed  by  Gray, 

*  percentage  of  lai^e  mononuclears  was  7'66  and  8'33  respectively. 
ci-eusc,  even  if  constant, — a.  point  not  yet  determined — is  not  so 
s  to  cause  it  to  be  mistaken  for  malaria  ;  besides,  the  large  mono- 
8  of  yellow  fever  are  not  pigmented.     The  yellow  colour  of  the 

o  is  due  to  free  hiemoglobin. 
\  Brain  ami  Cord. — The  more  constant  morbid  alterations  met  with  in 
H  nerve-centres  are  venous  congestion  of  the  meninges,  and,  to  a  less 
(III,  of  the  substance  of  the  brain  and  cord  ;  and  a  turbid  yellow 
laion  into  the  Bubaraebnoid  space  and  cerebral  ventricles.  Minute 
Trhagic  points  are  not  infrequently  observed  in  the  pia  mater  and 

The  respiraion/  organs  in  most  cases  seem  normal.  Occasionally,  how- 
tter,  tbe  lungs  and  bronchi  are  congested,  and  hjemorrhagic  extravasations 
t  occasionally  met  with  in  the  lungs  and  beneath  the  pleura. 

Hmrt  and  Pericarilium. — Usually  no  lesion  is  observable  in  the  heart, 

re  except  a  dull  and  flabby  appearance  which  this  organ  often  presents 
^  common  with  the  muBcular  syatam  generally.  Minute  ecchymoses, 
Wever,  are  sometimes  met  with  in  the  muscular  sultsLince  and  under 
B  cjidocardiiim.       Effusions — serous,    purulent,    or    sanguineous — are 

•rionfclly  found  in  tbe   pericartliuno,  which  may  also  be   injected,  or 

*  Mat  of  small  petechial -looking  hu:morrbagcs.  The  canities  of  the 
"  t  contain   more  or  less  loosely  clotted  or   fluid  blood.     The  right 

r'**iitricle  often  contains  pale-yellow  coagulum. 

Slvmaeh. — Morbid  alterations,  more  or   less  pronounced,  are  always 

I  *M  *ith  in  the  stomach,  whatever  the  period  at  which  death  occurs. 
"«Bor  less  of  a  black  fluid,  similar  to  black  vomit,  is  almost  always 
fstnt  in  the  cavity.  The  mucous  membrane  is  iiregtilarly  congested  in 
I*t«he*  or  bands,  most  marked  at  the  cardiac  extremity.  The  ruga)  are 
"ollen  and  thrown  into  corrugations,  so  as  to  present  tbe  appearance  of 
*  iues  of  lumbrici— the  hmtrsmijitment  vtrmtforme    of    French    authors, 
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The  hypereemia  is  less  marked  in  patients  who  succumb  at  an  advineel 
period  of  the  disease.  Larger  or  smaller  ecchymotic  points  are  to  bi 
distinguished  in  the  congested  areas.  The  mucous  membrane  is  oftd 
softened  and  in  places  eroded. 

Under  the  microscope,  the  superficial  venules  and  capillaries  are  sea 
to  be  engorged,  and  undergoing  fatty  degeneration.  The  tubular  glwii 
are  variously  deformed  and  atrophied,  and  their  epithelium  is  i*tiy. 
Minute  ha3morrhagic  foci  are  met  with  here  and  there  between  thegbdi 
The  submucous  connective-tissue  is  comparatively  intact ;  although  ben 
and  there  poi?its  of  congestion  may  exist ;  and,  according  to  Stemberj 
an  unusual  numl^er  of  leucocytes  is  occasionally  to  be  met  with  in  tb 
submucous  coat. 

Intf'sfmal  Canal. — Black  matter,  similar  to  that  found  in  the  stonwK 
is  often  present  in  the  upper  part  of  the  canal.  The  contents  of  tk 
intestine  usually  give  an  acid  reaction.  Vascular  arborisations,  more  (f 
less  extensive,  are  observed,  especially  towards  the  lower  part  d  tb 
ileum.  The  solitary  glands,  as  well  as  Peyer's  patches,  are  sometiiMi 
found  enlarged,  and  fatty  degeneration  of  Lieberkiihn's  crypts  has  b« 
demonstrated. 

The  liver,  which  presents  some  shade  of  yellow,  from  dull  chamoiili 
a  brownish-orange,  is  generally  of  normal  consistence  and  volume,  ft 
cut  surface  is  somewhat  friable.  On  section,  its  substance  usually  pre<i*i 
an  exsanguine  appearance,  but  when  death  occurs  early  it  may  be  foQ* 
hyperoemic.  The  liver-cells,  esi)ecially  in  the  peripheral  lobular  zone,i 
seen  to  have  undergone  fatty  degeneration,  not,  however,  unifomlf 
throughout  the  gland.  Interstitial  proliferation  has  been  noticed  If 
Ribes  and  others.  The  state  in  which  the  gall-bladder  is  found  vane*- 
sometimes  empty,  at  other  times  containing  a  small  amount  of  diit 
bile  of  natural  quality,  or  viscid,  tarry,  or  mixed  with  blood. 

The  s])Icen  is  not  enlarged  nor  altered  in  consistence,  except  as  tb 
result  of  previous  malarial  disease. 

The  kidneys  are  usually  of  normal  size,  and  not  congested  to  tff 
extent,  except  when  death  has  occurred  within  the  first  three  or  fo* 
days.  Small  ha?morrliages,  however,  are  occasionally  observed  under  tj* 
capsule,  in  the  mucous  membrane  of  the  calicos  and  pelves,  and  as  i^ 
point  extra vasiitions  into  the  cortical  substance.  The  renal  epitheliw 
undergoes  cloudy  swelling  and  fatty  degeneration.  The  tubes  in  ff^ 
places  are  divested  of  epithelium,  and  are  often  filled  with  a  hyaline  • 
granular  albuminous  material.  The  capillaries  here,  as  in  other  oi^ 
exhibit  evidences  of  fatty  degeneration.  The  bladder  is  usually  cofr 
tracted  and  empty. 

Symptoms  and  Course  (General  Sketch). — In  exceptional  instaDC* 
a  cert'iin  degree  of  malaise,  characterised  by  anorexia,  constipation,  herf* 
ache  or  vertigo,  is  felt  for  a  day  or  two  before  the  attack.  Much  V0^ 
f re([uently  yellow  fover  declares  itself  abruptly,  seizing  the  patient  withe* 
warning  while  in  his  usual  state  of  health. 

The  first  symptom  is  usually  a  chill,  which  may  amount  merely  to* 


;eeliiig  of  coldnesa,  so  slight  and  ei-anescent  as  scarcely  to  attract  atten- 
tifiii ;  or  it  may  be  more  intense,  declaring  itself  by  a  rigor,  severe  but  of 
-'  rt  iluralion,  or  by  repeated  shiveringa  alternating  with  beats.  In 
'^ijt;  uistw  the  chill  is  absent.  This  stage  of  invasion  generally  lasU 
r  '>iii  two  to  twelve  hours,  and  ita  intensity  and  duration  are  often  observed 
to  beiir  a  direct  relation  to  the  severity  of  the  impending  attack.  Severe 
fmntal  and  ocular  headache,  racking  pains  in  the  loins  and  limbs,  pallor 
of  i)ie  skin,  and  a  rise  in  the  temperature,  are  the  usual  symptoms  of  the 
"twion  Btagfc 

As  the  chill  passes  off,  the  face  becomes  red  and  turgid,  and  the  eyes 
'I'Cied,  briliiaiit,  and  watery ;  the  headache  and  the  pains  in  the  loins, 
Merits,  and  muscles  of  the  extremities  —  the  eojip  dr-  harrf  of  French 
imhore  —  increase  in  intensity.  The  patient  is  agitated  and  anxious; 
tho  Tiiin<l  usually  remains  clear,  or  at  ma^t  wanders  at  night :  less 
fraiuenlly  there  is  active  delirium.  The  temperature  in  the  mean- 
time rises  itipidly,  generally  attaining  its  fastigium  within  twenty-four 
or  thirty  hours  from  the  onset  of  the  disease  j  and  reaches  some  point 
Iwtwoen  103°  and  lOT'  F.  according  to  the  severity  of  the  atUiL'k. 
Tlie  respiration  is  burned  and  laborious,  and  the  puke  accelerated, 
'  lii,  nml  bounding.  The  skin  in  the  milder  cjises  is  moist,  but  in  the 
>4^rur  forms  it  is  dry  and  pungent.  The  appetite  is  lost ;  the  tongue, 
I'll  narrow  and  pointed,  is  covered  with  a  white  fur,  the  tip  and  edges 
■^iig  red.  The  bowels  are  constipated  as  a  rule,  but  are  sometimes 
'IumI;  there  is  a  sensation  of  heat,  jiain,  or  distress  at  the  epi- 
-iirinm,  which  is  tender  on  pressure.  The  stomach  becomes  irritable, 
I't  vomiting  of  a  clear  acid  fluid  ensues.  The  urine  is  scanty,  and  from 
'"  second  day  is  found  to  contain  alhumin,  while  the  urea  is  diminished. 
''"  the  second  or  third  day — seldom  later  than  the  fourth — a  change 
'^^s  place.  The  temperature  and  pulse  fall ;  the  headache  and  pains 
■iilwiiie ;  the  characteristic  redness  and  turgidity  of  the  face  tone  down, 
'•^  does  also  the  suffusion  of  the  eyes,  which  in  many  cases  now  assume 
t^f  yellow  tinge  which  may  afterwards  extend  to  the  rest  of  the  body. 
TliogMtric  irritability  and  distress  likewise  abate,  and  the  patient  feels 
'*Her.  This  is  the  tuniing-point  in  the  disease.  If  the  improvement  is 
'^  end  In  convalescence,  the  temperature  falls  graduslly  to  the  normal ; 
^'>«gwtric  distress  disappears,  the  appetite  returns  ;  the  urine  incrensea 
"I  quantity,  while  the  albumin  steadily  diminishes  and  a  corresponding 
iiicreue  of  the  urea  takes  place.  If,  on  the  other  hand,  after  a  lull 
"tending  from  a  few  hours  to  one  or  two  days,  the  gastric  symptoms 
""I^r  in  an  aggravated  form,  with  thirst,  anxiety  at  the  prsecordia, 
*"'!  VTimiting  of  a  clear  liquid  mixed  with  chocolate-coloured  flakes,  or  of 
*  fluid  uniformly  black,  and  depositing  on  standing  a  coffee-ground  sedi- 
"i^iit,  ihe  patient's  life  bangs  doubtfidly  in  the  balance.  These  symptoms 
^f"  accompanied  either  by  a  persistence  or  recrudescence  of  the  fever,  or 
'')'  •  tall  of  the  temperature  below  normal,  which  is  still  more  ominous, 
"111  |,y  J  diminution  of  the  urinary  excretion,  with  a  corresponding  in- 
^Tme  at  albumin,  which  generally  reaches  its  maximum  from  the  fifth  to 
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the  seventh  day.  Even  at  this  stage  a  change  for  the  better  maytakj 
place.  In  this  case,  the  irritability  of  the  stomach  again  subsides,  tk 
patient's  strength  rallies,  a  gradual  amelioration  of  the  other  antonid 
symptoms  follows,  and  convalescence  is  rapidly  established.  More  fefr 
quently,  however,  the  balance  inclines  the  other  way.  The  prostnw 
increases,  copious  vomiting  of  black  matter  sets  in  ;  the  yellowness  of  tfce 
skin  becomes  more  pronounced  and  generalised ;  in  the  more  malignatf 
cases,  the  skin  is  likewise  covered  with  petechiae  and  vibices;  and  alootj 
with  these,  and  depending  upon  the  siime  conditions,  haemorrhages  oftei 
take  place  from  the  mucous  membranes.  In  some  epidemics,  gaugrciKWJ 
spots  on  the  limbs  or  on  the  scrotum  have  been  of  relatively  freqoB* 
occurrence.  The  tongue  now  becomes  dry  and  brown.  AVhile  theii| 
ominous  symptoms  are  being  evolved  the  mind  may  remain  clear  iiii 
continue  so  till  the  end.  More  frequently  the  patient^  though  not  B-j 
coherent,  is  dull,  confused,  and  apathetic ;  he  fails  to  realise  his  condition;  i 
expresses  himself  hopefully  as  to  his  state  ;  lapses  from  time  to  timeiot* 
a  dreamy  reverie,  or  attempts  to  get  out  of  bed.  Occasionally  there  i 
active  delirium.  Towards  the  end  hiccup  sets  in,  the  features  bec«< 
shrunken,  subsultus  tendinum  appeal's,  a  clammy  sweat  breaks  outintki| 
skin,  and  the  patient  dies  exhausted,  comatose,  or  in  convulsions. 

Grades  and  Forms. — The  most  useful  classification  is  that  wjoii 
recognises  three  grades  of  intensity — the  mild,  the  severe,  and  thegnwi] 
and  arranges  anomalous  forms  separately  under  the  heading  of  pemicio»: 

The  distinctions  between  the  mild,  severe,  and  grave  forms  of  yd'*' 
fever  go  deeper  than  mere  differences  in  the  danger  they  involrci* 
aj)pear  to  be,  in  some  way,  related  to  the  evolution  of  the  morbid  pi*  | 
cesses  determined  by  the  infection. 

1.  In  mild  yellow  fever  the  initial  paroxysm,  coinciding  withtk*' 
presence  of  the  virus  in  the  blood,  constitutes,  so  to  speak,  the  who*  i 
disease.  Charts  1  and  2  (p.  337)  represent  the  common  course  of  tB»| 
fever,  although  in  many  cases  the  fall  of  the  tempei*ature  begins  as  Wf 
as  the  second  day. 

2.  The  distinctive  feature  of  the  severe  form  is  the  evolution  dorii<! 
the  remission  stage  of  the  characteristic  symptoms  of  the  maUdj'^j 
jaundice,  black  vomit,  haemorrhages,  anuria,  mental  and  nervous  a* 
turbances,  oppression  of  the  respiration,  and  slowing  of  the  pulse.  &^  ^ 
4,  r>,  and  6  shew  the  more  common  thermometric  types  in  this  form. 

3.  In  the  grave  form  (Charts  7  and  8)  the  cortege  of  symptoms  prop* 
to  the  remission  stage  make  their  a])pearance  within  the  first  three  or f^J* 
days,  that  is,  during  the  first  stage.  Symptoms  referable  to  wj 
nervous  system  especially  come  into  prominence.  The  following  1** 
notes  will  convey  a  more  just  idea  of  the  symptoms  and  course  of  »* 
dangerous  form  than  a  general  description  : — 

1.  B.  8.  \sl  day.  Trembling  of  extremities,  headache,  vomiting.  3n^^ 
Stupor,  urine  scanty,  voniitinj^  ceased,  bfh  duij.  Urine  suppressed.  The  pat** 
lin^'jjied  on  in  a  semi-conscious  state  till  the  seventh  day  of  illness. 
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i.  H.  L.  Snif  da^.   Violent  Leadache,  followeil  by  ^lupor.       'Arii  day.  Bluck 
ilh  day.  Features  pinched,  patient  suini-consciuu^  lilack  vomit,  tarrj 
nol),  death. 

.  D.  L.   laf  day.  Fever,  vomiting,  coDstipatioD.     ind  day.  Obstinate  voniit- 
[>,  tonietimes  of  a  brown  colour.      3rd  day.   Jauudice,   tongue  moist,  no  great 
'..     4th  day.   Black  vomit.      5'A  day.   t'riue  auppressed.      Dentli  on  ^evcnlh 
n  the  niidit  of  general  convulsions. 

.  P.  T.  1»(  dtiy.  Violent  headache,  artat  proetratioii.  2iid  ./.<y.  Eyes 
■tonkeii,  clammy  sweats,  cramps  tu  legs  and  arms,  3rd  day.  Suppression  of  lU'ine 
land  ildiriuni.  Died  on  the  seventh  day  couiatoEe  ;  1111  Ijlack  vomit  or  Jaundice 
■  liiroughoul. 

.  W.  C  lit  day.  Chill  and  heaclache.  2nd  day.  Agonising  ]>nin  in  back 
I  it>d  ijHnc  ;  akin  hot  but  moist,  vomiting,  constipation.  3rd  diiy.  Patient  felt 
I  b«tUr.  and  said  she  would  be  able  to  ^'et  out  to-morrow,  although  black  rouiit 
I  W  already  set  in.      Death  on  fourth  day. 

Some  cases,  which  may  be  truly  called  malignant,  run  even  a  shorter 
The  following,  reported  by  a  French  physician,  may  be  taken  us 
w  eiample  of  these  : — 

On  [he  Jirtt  day  the  patient's  face  was  puffy  and  r,f  a  leaden  colour,      ykin 

WlJ,  great  thiral,  some  nausea,  tongue  clean  but   dusky.     Complete  absence  of 

'iche  and  muji  dt  barre.     In  fact,  the  patient  hail  no  {>aius  whatever.      Ou 

uiruing   of  the   teeond    duy  complained    of  heaviness  of  the  bead,  grent 

ifJrtmiioii,  and    constipation.       In    the    aflenioon   there   was    severe    pain    in 

J9'9'9triuni,  and   black  vomit  set   iu.      The   stools   were  dark,  and   there  were 

■■KDiorrbagiis  from  nose,  guniu,  and  tongue.     On  jireesure  blnod  oozed  from  the 

•"■goe  as  from  a  aponge.     Towards  evening  delirium,  stertorous  respiration, 

'"i  death  within  forty-eight  honra. 

The  pernicious  forma,  on  the  other  hand,  are  distinguished  by  the 
■'"''olopment  of  some  special  symptom  or  group  of  symptoms  foreign  to 
Me  Ordinary  phenomena  of  the  disease.  I  shall  restrict  myself  to  the 
'"■lefesi  notice  of  three  of  these  : — 

' ,  Thf  ApopUclk  /ot7/i.— The  patient  is  moi-e  or  lees  suddenly  struck 
'  "**%  with  vertigo  followed  by  stupor,  coma,  and  convulsions,  genoiully 
'*''*'»» tutting  in  death.  The  pulse  is  weak,  and  finally  becomes  faltering 
*'"•  irregular;  the  akin  is  cold  and  clammy,  or  dry  and  flabby;  the 
P"pil3  diluted,  and  the  |tatient  dies  comaioae. 

,  2.  The  Algid  Form. — This  form  was  of  rather  frequent  oecurTenee  iii 
^  epidemic  of  Lisbon  in  1S57.  The  prostration  is  early  and  extreme, 
^  features  are  sunken,  the  surfiice  cold,  and  in  severe  cases  this  coldness 
^J'^^nds  to  the  lijta,  tongue,  and  breath.  The  temperatui-e  in  the  axilla 
"''^ri  falls  to  96°  F.  The  pulse  is  small  or  imperceptible.  In  a  large 
'"'^Itortion  of  these  cases  the  hfemonhjigic  tendency  is  present  in  an 
*tt-enie  degree.  Yellowness  of  the  skin  is  often  wanting,  and,  when  it 
."*«  i^|)ear,  is  generally  limited  to   a  alight  yellow  tinge  of  the  con- 

J,?noiiviB. 

.  The  Choleraic  Form.— Tim  form,  vliich  ia  rare,  is  marked  by 
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purging  and  vomiting,  copious  clammy  perspirations,  petechise  scattend 
over  the  skin,  and  great  prostration. 

Analysis  of  Symptoms. — The  temperature  in  yellow  fever  is  marked 
by  a  sudden  rise  to  104°  or  105°  F.  In  rare  cases  it  may  reach  1097. 
The  fastigium  is  generally  attained  in  twenty -four  to  thirty-six  hoiir8,aBd 
the  temperature  continues  at  this  point,  with  slight  variations,  for  a  period 
of  two  or  three  days ;  sometimes  longer.  The  further  thermometrie 
movements,  varying  according  to  the  form  of  the  disease,  are  indicated  is 
the  charts. 

Pulse, — During  the  initial  fever  the  pulse  is  accelerated,  full,  boond- 
ing,  sometimes  tense,  at  other  times  compressible ;  diminishing  in  foe* 
and  frequency  as  the  remission  sets  in.  It  often  falls  as  low  as  50- 
occasionally  even  to  40  per  minute  when  the  disease  is  severe.  In  gn^f 
cases  it  is  small,  feeble,  accelerated,  or  slow,  and  towards  the  eiA 
irregular  and  intermittent.  It  may  be  observed  that  there  is  no  cor- 
respondence between  the  number  of  pulsations  and  the  height  of  tbe 
thermometer.  The  blood-pressure,  at  first  above  the  normal,  falls  coo^ 
siderably  during  the  stage  of  remission. 

The  skin  is  pale  during  the  period  of  invasion,  and  when  algji 
symptoms  manifest  themselves  this  state  of  pallor  develops  into  lividi^ 
When  reaction  is  established  the  skin  becomes  hot  and  dry,  or  hot  ao^ 
moist.  The  face  is  now  red  and  turgid,  and  the  eyes  suflfused  and  bnllian^ 
Yellowness  of  the  skin  is  often  absent  in  mild  cases  throughout  tb 
whole  course  of  the  disease;  and,  strange  to  say,  it  is  often  wanting D 
the  algid  form,  even  when  hemorrhages  are  present.  It  is  rardh 
altogether  absent  in  the  other  more  intense  grades  of  the  disetir 
although  in  these,  too,  it  may  be  so  little  obtrusive  as  to  be  overlooked 
while  in  other  instances  the  skin  assumes  a  deep  orange  or  even  brons 
hue.  Icterus  seldom  makes  its  appearance  before  the  beginning  of  th 
remission,  when  the  redness  of  the  face  has  subsided.  In  some  cases  it 
advent  is  deferred  until  the  approach  of  death,  or  it  may  not  appear  unti 
after  death.  The  yellowness  is  first  noticed  on  the  conjunctivse  and  fact 
spreads  to  the  neck  and  chest,  and  then  to  the  rest  of  the  body, 

Petcchiaj  and  large  irregular  purpuric  patches  are  met  with  especiall; 
in  the  algid  and  htTmorrhagic  fonns.  An  erythematous  eruption  on  th 
scrotum,  or  around  the  vulva,  is  frequently  observed ;  and,  when  present 
is  looked  upon  as  pathognomonic  of  yellow  fever. 

An  altogethei"  indescribable  odour,  exhaled  from  the  skin  in  malig 
nant  Ciiscs,  is  a  sure  j)rognostic  of  death. 

HcPiiiorrhiKjiS  are  occasionally,  but  seldom,  seen  in  the  early  part  o 
the  pyrexial  stage.  They  are  of  most  frequent  occurrence  at  a  lat* 
period,  that  is,  after  the  remission  has  set  in ;  they  are  most  extensive  ii 
the  malignant  forms,  especially  the  algid,  and  are  undoubtedly  mflri 
common  in  some  epidemics  than  in  others.  The  most  common  form  d 
haemorrhage,  of  course,  is  the  bl«ack  vomit.  Besides  the  purpuric  spot* 
and  patches  that  are  often  the  first  signs  of  a  hsemorrhagic  tendency,  V6 
meet  with  bleeding  from  the  nose,  tongue,  lips,  and  gums,  from  the  whole 
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gastro-intestinal  tract,  from  the  uterus  and  vagina,  from  the  bladder 
urethra,  more  rarely  from  the  bronchial  mucous  membrane,  and  from 
ear  and  conjunctiva.     Extravasations  of  blood  may  also  take  place 
the  interior  of  the  eye  and  destroy  vision. 

irhite,  Bed,  and  Black  Vomit, — Vomiting  is  a  very  general  symj 
of  yellow  fever.  It  begins  with  the  vomiting  of  an  acid,  coloorlef 
bile-tinged,  and  more  or  less  viscid  fluid ;  this  may  be  distinguish! 
white  vomit.  The  red  vomit  of  Cunisset  is  simply  gastric  haemorrli 
in  this  case  the  blood  is  expelled  immediately  after  its  escape  from 
vessels,  thus  retaining  its  red  colour.  The  vomiting  of  bright  blo< 
justly  looked  upon  as  a  dangerous  symptom.  Black  vomit,  which  ] 
its  familiar  name  to  the  disease,  usually  makes  its  appearance  during 
period  of  remission.  It  is  composed  of  altered  blood,  which,  on  stan< 
deposits  a  black  sediment  like  coffee-grounds,  the  supernatant  fluid  I 
of  a  clear  or  slightly  brownish  colour.  Microscopically,  black  vomit 
sists  of  glandular  epithelium,  red  corpuscles,  mucous  cells,  yellow  pigi 
granules,  fat -globules,  granular  d<^bris,  and  various  kinds  of  n 
organisms.  Its  chemical  composition  varies  greatly.  Its  acidit 
mainly  due  to  hydrochloric  acid.  Cunisset  in  numerous  analyses  I 
to  detect  in  it  urea,  the  biliary  acids  or  salts,  or  cholesterin. 

The  urine  is  acid  and  high-coloured  ;  its  density  is  high,  and  varies 
the  amount  of  albumin  that  it  contains.  The  quantity  voided,  whi 
diminished  from  the  onset  of  the  disease,  becomes  still  more  scanty  di 
the  third  stage ;  and  in  cases  tending  to  a  fatal  issue  complete  sup 
sion  often  occurs.  Albumin  makes  its  appearance  during  the  fe 
stage  even  in  mild  cases — the  amount  bearing  a  direct  relation  to 
severity  of  the  attack.  The  urea  and  chlorides  are  notably  diminii 
and  the  uric  acid  to  a  less  extent.  The  urea,  however,  is  not  ali 
decreased  at  the  beginning  of  the  fever.  Bile  is  only  present  at  the 
of  the  fever.  Blood  is  present  when  there  is  hasmorrhage  from 
kidney,  bladder,  or  urethra. 

Stools. — Constipation  is  the  general  rule  during  the   febrile   si 
In   some  epidemics  l)iliou8  or  choleraic  diarrhoea  has  been  of  freq 
occurrence.     In  favourable  cases  the  bowels  resume  their  normal  ai 
when  the  remission  sets  in.     Obstinate  constipation  or  diarrhcea 
melajna  are  alike  dangerous  symptoms  at  this  stage. 

Morbidity  and  Mortality. — The  morbidity  and  mortality  in  yc 
fever  vary  extremely  according  to  the  intensity  of  the  outbreak,  the 
]>ortion  of  susceptible  subjects  in  a  population,  and  the  hygienic  a 
tions  of  a  locality.  The  first  outbreaks  in  Spain  at  the  beginning  o\ 
nineteenth  century  were  remarkable  for  the  large  proportion  of 
population  attacked.  The  whole  community  was  susceptible.  Pym, 
was  an  eye-witness  of  the  epidemic  of  1804  at  Gibraltar,  states  that, 
of  1 4,000  souls  constituting  the  civil  population,  he  could  only  trao 
individuals  who  escaped,  and  12  of  these  had  already  passed  through 
disease.  .\t  Cadiz  in  1800  there  were  48,520  attacks  and  7387  de 
in  a  population  estimated  at  57,499.     At  Seville,  in  the  same  year,  t! 
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tK,48H  Attacks  and   14,G85  deatbe  in   a  populutiou  estimated  at  ' 
'8.     No  great  accuracy  need  be  claimed  for  these  figures,  but  ihey 
Bee  to  sbew  the  wide  diffusion  which  yellow  fever  may  assume  in  a 
ceplible  population,.    The  disease  never  attains  the  same  prevalence 
t  yellow  fever  ia  endemic. 

■  The  caae- mortality  may  be  said  to  range  from  12  to  80  per  cent, 
i  Eio    it    reached    94'5    per    ceut    in    1898.       It    has    been    knowji 

low  as  one-half  per  cent.  In  cities  where  the  disease 
\  endemic  or  recurs  at  frequent  intervals  tbe  majority  of  adults 
!  iiuuaceptible,  and  thus  a  large  proportion  of  attacks  wU  fall 
b  children,  who  take  the  disease  in  a  mild  form,  hence  the  total  and 
•HDortality  will  be  correspondingly  low.  Taking  the  statistics  of 
M  Martinique  hospitals  from  1819  to  18G9  as  a  guide,  we  may  reckon 
e  average  case-mortality  of  Euiopeans  in  the  West  Indies  at  23  per 
It  ia  interesting  to  olaerve  that  non-propagabie  outbreaks  in  high 
ktitiules  arc  almost  uniformly  very  fatal.  At  Marseilles,  in  1M23,  the 
Ifr^mortality  was  60  per  cent;  at  St.  Nazaire,  in    ISfil,  59  per  cent; 

■  Svuisea,  in  1865,  60  per  cent  Is  this  due  to  the  length  of  time  that 
■■  elapsed  between  the  infection  of  the  mosquito  and  the  inocidalion  of 

the  virus  1  Yellow  fever  is  generally  of  a  more  malignant  type  in  the 
-Oiore  districts  of  an  infected  town,  becoming  less  prevalent  and  also  less 
'lUl  H  we  recede  from  the  focus  of  infeetiou.  This  is,  no  doubt,  to  be 
ucriixsd  largely  t«  the  unfavourable  circumstances  and  dissipated  hahits 
"'  the  population  of  these  localities,  but  is  also  partly  due  to  their  being 
eKposed  to  the  risk  of  multiple  inoculations  of  the  virus  in  places  where 
'ue  itegomyia  abounds. 

Dtagfiiosls. — A  fever  of  a  single  paroxysm,  accompanied  by  congestion 

"f  the  face,  injection  of  the  eyes,  severe  liimhiir  pains,  gastric  irritability, 

■>lnDiniiirius  urine,  black  vomit,  and  other  haemorrhages  cannot  well  be 

■nisiakeii  for  anytliing  else  than  yellow  fever.    The  complex  of  symptoms 

"hen  well  marked  is  pathognomonic.     But  in  the  early  stage,  before  the 

"X're  characteristic  symptoms  develop,  the  diagnosis  is  not  always  easy. 

Atlentlon  should  be  paid  t«  collateral  circumstances,  such  as  the  geo- 

S^pLical  limits  within  which  yellow  fever  prevails ;  its  predilection  for 

pports ;  its  epidemic  character,  and  the  special  liability  of  newcomers. 

''  is  a  ufe  rule  to  regard  with  suspicion  any  fever  occurring  in  a  Euro- 

—  Jyp  recently  arrived  iu  a  place  wliere  yellow  fever  prevails.     Neglect  of 

Br**  rule  has  h-d  to  disastrous  results.     The  Italian  war-vessel  Dimlianlia 

^B«)  was  lying  in  the  harbour  of  Rio  in    1896  when  yellow  fever  was 

BF^ent  on  shore.    One  of  the  men  who  had  landed  was  taken  ill.     The 

""Snosis  of  scarlet  fever  was  made  on  account  of  the  redness  of  the  face 

f"'^    neck,  and  no  precautions  were  taken.     Twelve  days  later  yellow 

^«r  began  to  Bpread  on  hoard,  and  out  of  249  officers  and  men  '242 

^f^  attacked,  and   134  died.     The   7  w 


OU|^  the  disease. 


I  already  passed 


I  Tbe  diseases   most  liable   to   be  mistaken   for   yellow   fever   are : 
bilious   remittent   form  of  malaria  often  found  in  fresh  arrivals, 
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hiackwater  fever,  and  relapsing  fever.  In  malarial  bilious  rer 
the  vomiting  is  more  distinctly  bilious  than  in  yellow  fever.  All 
iiria  is  rare.  There  is  pain  and  tenderness  in  the  splenic  regioi 
the  beginning,  followed  in  a  few  days  by  enlargement.  The  prese 
the  malaria  parasite  and  of  pigmented  leucocytes  in  the  bloo 
establish  the  diagnosis.  Blackwater  fever  is  not  a  disease  of  newc< 
but  of  those  who  have  been  for  a  year  or  more  in  the  tropics, 
from  the  spectroscopic  evidence  of  haemoglobin,  not  always  availab) 
porter  colour  of  the  urine,  its  separation  on  standing  into  two  layer 
upper  clear  and  of  a  port^wine  colour,  and  a  sedimentary  layer  coiw 
of  epithelium,  hyaline  and  granular  casts,  and  yellowish -red  pi< 
masses,  and  the  pink  tinge  of  the  froth  on  being  shaken  will  settl 
diagnosis  (r/.  p.  299).  The  inci'ease  of  large  mononuclears  bearing 
ment  will  be  confirmatory,  if  confirmation  be  required.  Relapsing 
is  often  accompanied  by  jaundice,  vomiting,  severe  lumbar  pains,  and 
sionally  even  by  black  vomit.  Here,  again,  the  collateral  circumst 
already  mentioned  should  be  taken  into  account  Albumin  is  very  i 
present  in  the  urine  of  relapsing  fever.  The  enlargement  of  the  8] 
the  distinct  leucocytosis,  the  relative  increase  of  polymorphonuclears 
the  presence  of  the  Spmllum  obenneieri  will  suffice  to  establisli 
diagnosis. 

The  prognosis  in  yellow  fever  must  always  be  guaixled,  as  imb 
a1)le  symptoms  may  appear  when  least  expected.  If  the  temperatu 
the  first  stage  be  moderate,  the  skin  moist  or  covered  with  perspin 
and  if  the  temperature  begin  to  fall  early  and  reach  the  normal,  wi 
any  symptoms  of  depression ;  if  the  epigastric  distress  and  irrita 
be  slight  and  disappear  with  fever;  if  the  urine  be  in  fair  quai 
contain  little  albumin,  and  a  moderate  amount  of  lu'ea,  the  progm 
favourable. 

If,  on  the  one  hand,  the  disease  be  ushered  in  by  convulsions  or  a 
and  long-continued  chills ;  if  the  temperature  rise  to  or  above  106 
or  if,  on  the  other  hand,  reaction  be  not  at  all  or  only  imperfectly  < 
lished,  and  algidity  supervene ;  if  the  albumin  in  the  urine  im 
while  the  iu*ea  diminishes ;  if  generalised  haemorrhages,  petechi 
piupuric  patches  make  their  appearance,  and  coffee-ground  vomitii 
urgent ;  finally,  if  delirium,  vertigo,  coma,  or  hiccup  set  in,  an  unfa 
able  issue  may  l)e  feared.  Perhaps  the  most  dangerous  of  all 
symptoms  is  algidity  with  haemorrhages.  Scarcely  any  die  of 
yellow  fever ;  few,  if  any,  recover  from  the  grave  foiin. 

Prophylaxis. — The  breeding-places  of  the  stegomyia,  which  al 
in  the  low-lying  districts  of  seaports,  claim  our  first  attention.     Perm 
and  temporary  collections  of  water  should  be  drained,  and  inetpialil 
the  ground  filled  up,  so  as  to  afford  a  ready  discharge  for  rain-i 
^  When   i)onds  cannot   be  dealt  with   in  this  way,  petroleum  shou 

-)  spread  over  the  surface  to  destroy  the  larvie.     Gutters  must  be  ke 

'[.  good  repair,  and  swept  out  daily,  to  prevent  stagnation.     The  court 

ji  of  dwelling-houses,  esiKJcially  in  the  poorer  localities,  afford  cond 
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fcroumble  to  the  mulLiplicatioii  of  the  etegomyia,  which  is  eaaentially  a 

Mneeiic  insect.     Waale  water  from  pipes  and  rain-wat«r  form,  aa  I  have 

l«D  leea,  permanent  puddles  in  the  dilapidated  pavements  of  courts. 

token  bottles,  empty  cans,  barrels,  und  other  household  uteiisila  provide 

teptjicles  for  water,  which  are  utilised  by  the  stegomyia  for  depositing 

I  eggs.     These  sources  of  mischief  should  be  seen  to  and  remedied. 

Sstenis  uiid  wat^r-tanks  should  lie  covered  with  gauee.     In  short,  all  the 

la  of  preventing  the  multiplication  of  anopheles  should  bo  adopted 

I  the  case    of    the    stegomyia,    and    cai-ried    out    systematically    and 

irsistently  {vide  p.  285). 

The  next  point  is  to  prevent  the  infection  of  the  mosquito.     The 

r  patient  should  be  removed  at  once  to  hospital,  and  his  bed 

irilh  mosquito  netting.     The  sooner  this  is  done  the  better, 

K  it  is  during  the  first  three  or  four  days  of  the  illness  that  the  patient 

» source  of  infection.     The  infected  house  and  the  adjoining  houses 

Duld  now  be  thoroughly  disinfected.      Sulphur  dioxide,  as  Bosenau  has 

"unsurpassed  ae  an  insecticide,   having  surprising  powers  of 

Mieinttiiig  through  clothing  and  fabrics,  and  killing  mosiiuitoes  even 

1  hidden  under  four  layers  of  towellings."      Sulphur,    1^   lbs.  for 

*very  1000  cubic  feet  of  space,  is  sufficient  to  disinfect  a  room  thoroughly  ; 

furthpr,  the  sulphur  method  hits  this  advantage  that  the  snbslaiiee  is 

*v<ryrhere  procurable,  and  requires  no  special  apparatus  for  its  applica- 

Iwn.     When  the  patient  cannot  be  removed  from  the  room,  it  should  be 

fimiigiil«d  with  insect  powder  (pyrethnim,  2  lbs.  per  1000  cubic  feet) 

UhI  the  stufieficd  gnate  collected  and  burned. 

Although  bedding  and  clothing  soiled  with  the  discharges  of  yellow 
fever  patients  are  innocuous,  pnidenco  suggests  that  they  should  be 
■iisiiifoctod.  if  for  no  other  reason  than  that  they  may  harlmur  infected 

"WSIIIUUlCB. 

Ships  in  infect«d  ports  should  anchor  at  as  great  a  distance  as  possible 
frwn  the  shore  and  from  infected  ships,  and  to  the  windward  of  them ; 
■lie  craws  and  passengers  should  not  be  permitted  to  go  on  shore  more 
w*'!  is  abeolutely  necessary,  and  never  after  sundown.  The  young 
"'gomyias,  which  bite  by  day,  are  rarely  infected.  Tanks,  barrels, 
'roughs,  etc,  containing  water  must  be  protected.  In  case  of  an  outbreak 
'II  board,  the  method  of  disinfection  already  detailed  should  be  employed. 
-*(it  only  the  particular  cabin  in  which  the  disease  occurred,  but  all  the 
•^irns  in  that  part  of  the  vessel,  should  he  fumigated.  The  vessel,  it  at 
'^^  ihould  be  steered  for  cold  latitudes.  Before  opening  the  hatches  of 
'n  inflected  ship,  sulphur  dioxide  should  be  introduced  into  the  hold. 
'  "til  thoroughly  disinfected  a  vessel  that  has  had  yellow  fever  on  board 
'™»iil(l  not  be  allowed  to  approach  near  the  shore  or  other  vessels. 

Individual  prophylaxis  requires  the  avoidance  of  infected  towns, 
toujis^  or  ships.  There  is  no  good  reason  for  excluding  the  influence  of 
'^^giie,  exposure  to  the  sun,  and  excesses  as  disposing  to  yellow  fever. 
"^  know  that  these  circumstances  have  an  important  influence  in 
'"'Wssing  the  risk  of  infection  in  the  ease  of  malaria,  and  although  too 
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much  stress  has  been  laid  on  the  action  of  disposing  causes  in  detem 
yellow  fever,  sobriety,  a  regular  course  of  life,  the  avoidance  of  ex 
and  of  exposure  to  the  sun  should  be  insisted  on.  Arsenic  was  I 
used  as  a  prophylactic  in  the  epidemic  of  1905  at  New  Orlean 
without  any  evident  advantage. 

Treatment — The  discovery  of  the  agency  of  the  stegomyia 
transmission  of  yellow  fever  has  placed  the  prophylaxis  of  the  dise 
a  secure  basis,  but  has  left  us  exactly  where  we  were  in  respect  to 
ment,  which  remains  empirical,  and  to  a  large  extent  directed  tc 
the  symptomatic  indications.  In  all  cases  it  is  important  to  ha* 
patient  removed  from  the  focus  of  infection,  and  treated  in  a  well-ven 
room.  In  the  milder  forms  little  more  will  be  necessary  ths 
administration  of  a  hot  mustard  foot-bath  and  a  purgative.  Wh< 
temperature  is  moderate,  the  skin  moist,  and  irritability  of  the  st 
absent  or  trifling,  a  meddlesome  line  of  treatment  is  to  be  avoidei 
all  cases — severe  as  well  as  mild — the  hot  mustard  foot-bath  is 
employed  on  the  invasion  of  the  disease,  and  repeated  once  or  o] 
according  to  circumstances.  Its  use  favours  diaphoresis,  and  tei 
relieve  internal  congestions.  The  administration  of  a  laxative  or 
tive,  as  soon  as  reaction  has  set  in,  is  also  useful  alike  in  mild  and. 
cases.  This  treatment  is  indicated  by  the  constipation  which  is  gei 
present,  and  justified  by  the  good  effect  which  the  concurrent  test 
of  physicians,  past  and  present,  concede  to  it.  As  to  the  purgativ 
adapted  for  this  piiriK)se  there  is  less  agreement.  Castor  oil  has  ob 
the  greatest  number  of  supporters  ;  it  is  best  given  in  capsules  or 
form  of  emulsion.  The  great  objection  to  its  use  is  its  tendency  t 
rise  to  vomiting.  Wlien  there  is  much  nausea,  calomel,  in  a  dose 
to  10  grains,  is  preferable,  and  may  be  followed,  if  necessary,  by  sul 
of  sodium,  and  the  laxative  action  maintained  by  fluid  magnesia. 

When  the  temperature  is  high  and  the  skin  dry  and  hot 
evidently  desirable,  if  possible,  to  abate  the  febrile  excitements  Qi 
has  been  largely  employed  for  this  purpose ;  but  experience  has,  up 
whole,  decided  against  its  utility  at  any  stage  of  the  disease.  Ant 
has  been  recommended,  but  should  only  be  employed  in  the  early  st 
the  disease  and  when  the  fever  is  high.  It  is  contra-indicated  whe 
heart's  action  is  weak  and  the  vital  powers  depressed.  The  co 
saline  mixture,  containing  acetate  of  ammonium,  nitrate  of  potassiui 
spirit  of  nitrous  ether,  is  of  service  in  cases  of  moderate  intensit; 
reduces  the  temperature  to  some  extent,  and  promotes  the  action  < 
skin  and  kidneys.  When  there  is  great  arterial  excitement^  5  to  10 
of  tinctura  veratri  viridis  may  advantageously  be  added  to  the  mi 
The  Brazilian  physicians,  according  to  Hey,  make  use  of  a  mixtnr 
t^iinirig  infusion  of  jaborandi,  acetate  of  ammonium,  and  tincti 
aconite.  When  the  calor  mordicaus  is  well  marked  such  a  combi 
seems  indicated.  It  is  said  almost  always  to  give  rise  to  p 
diaj)horesis  and  a  fall  of  temperature. 

Whatever  may  be  the  internal  treatment  adopted  to  assuage  i 
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9ci\o\\  its  efficacy  will  be  promoted  by  systematic  sponging  of  the  body 
With  cold  or  tepid  water,  and  the  assiduous  application  of  cloths  dipped 
ID  icci'd  water  to  the  head.  The  whole  body — extremities  and  trunk — 
iliotilcl  be  sponged  or  swabbed  with  a  wet  towel  loosely  wrung  out  of 
joicl  water,  each  part  being  dried  and  covered  before  proceeding  to 
notber.  These  spongings  should  be  repeated  every  two  or  three  hours, 
!e  lx3ing  added  to  the  water  when  the  skin  is  hot  and  dry,  while  cold 
>iDf>z*esses  or  ice  are  applied  to  the  head.  When  the  skin  is  moist  and 
le  t>€?mperature  moderate  tepid  spongings  are  to  be  employed.  Hyper- 
fr^Jcia,  which,  however,  is  not  common  in  yellow  fever,  should  be 
tsa^^^d  with  the  cold  bath.  Wlien  the  patient  falls  into  an  algid  state 
baths  may  be  of  service. 

very  important  indication  is  to  maintain  the  action  of  the  kidneys. 

effervescing  alkaline  drinks,  when  tolerated  by  the  stomach,  are  the  best 

jieanf3  of  obviating  the  danger  from  scanty  excretion  or  suppression  of  urine. 

VicHy  water  (Celestine  spring)  generally  answers  well.     If  not  procurable 

60  grains  of  bicarbonate  of  soda  to  a  litre  of  water  charged  with  carbonic 

arid  may  be  substituted.     These  alkaline  drinks  should  be  given  in  such 

doses  as  the  stomach  can  bear.     As  a  rule,  small  quantities,  ice-cold,  and 

frequently  repeated,  are  better  borne  than  large  draughts,  but  the  more 

taken  within  the  twenty-four  hours  the  better.     If  the  stomach  reject 

flmds  and  the  urine  be  scanty,  cold  enemas  should  be  resorted  to.    Water 

containing  a  teaspoonful  each  of  common  salt  and  bicarbonate  of  soda  to 

»  litre  may  be  used,  the  amount  injected  should  not  exceed  what  the 

^^el  can  retain  and  absorb.      By  the  assiduous  use  of  cold  or  tepid 

"pongings  and  of  alkaline  diluents  the  temperatiu*e  is  lowered,  gastric 

irritability  diminished,  and  the  excretion  of  urine  increased. 

•Some  symptoms  of  frequent  occurrence  during  the  remission  stage 
acquire  special  treatment. 

Utart  failure^  indicated  by  a  feeble  irregular  pulse,  whether  increased 
'n  frequency  or  abnormally  slow,  calls  for  hypodermic  injections  of  ether, 
'"Wid  the  administration  of  strychnine  in  small  and  frequently  repeated 
doses.     Digitalis  may  also  be  found  useful  in  this  condition. 

^'omUinff  is  one  of  the  most  troublesome  and  intractable  symptoms, 
'or  the  relief  of  which  all  sorts  of  remedies  have  been  tried,  each 
•eemingly  serviceable  in  one  case,  and  useless  in  another.  Chloroform, 
*  or  3  drops  frequently  repeated,  is  sometimes  found  to  exercise  a 
•^ative  effect  on  the  stomach.  Blair,  who  had  a  large  experience  of  the 
^^8*^86,  found  drop  doses  of  creosote  in  mucilage  and  sugar  to  be  most 
generally  l)eneficial.  Nitrate  of  silver,  in  doses  of  ^  to  ^  of  a  grain, 
alone  or  combined  with  opium,  occasionally  proves  useful.  Opium, 
iK)wever,  should  never  be  given  except  in  small  doses,  and  is  absolutely 
contra-indicated  when  the  brain  is  affected.  Oil  of  turpentine,  in  10  to 
-^  drop  doses,  given  every  two  hours,  has  had  numerous  advocates, 
'>Qt  experience  respecting  its  value  is  very  conflicting.  Lime  water,  given 
'^th  equal  quantities  of  fresh  milk,  has  a  marked  sedative  action  in 
""^V  cases,  even  after  black  vomit  has  made  its  appearance.     An  ice-bag 
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applied  over  the  pit  of  the  stomach,  and  morsels  of  ice  frequent]? 
swallowed,  often  give  relief.  Blisters  were  formerly  much  in  use,  but 
they  seldom  do  good  and  occasionally  become  the  source  of  uncontrolUUe 
bleeding,  and  should,  therefore,  be  avoided.  Sinapisms  are  not  open  to 
this  objection,  but  they  do  not  often  prove  of  much  service. 

Hitunorrhuges  are  symptomatic  of  an  intoxication  which  tends  to  i 
fatal   issue,  even   when  the  bleeding  has  ceased  spontaneously  or  beea 
checked  by  treatment ;  but  as  haemorrhages  manifestly  lessen  the  patient'i 
chance  of  struggling  through  the  disease,  some  effort,  however  unpromis- 
ing, must  be  made  to  arrest  them.     Gallic  acid  has  f  reijuently  been  trie^l, 
but  not  with  encouraging  results.     More  good  has  been  obtained  fron 
the  use  of  the  tincture  of  the  perchloride  of  iron  in  full  and  frequent 
doses,  although  this,  too,  more  frequently  fails.     This  remedy  was  found 
to  give  the  best  results  in  the  Lisbon  out])reak  in  which  hsemorrhftgei 
were  a  prominent  symptom.    Ergotin  certainly  succeeds  in  some  instanctt 
In  the  case  of  epistaxis  (Chart  5)  recorded  by  Sternberg,  ergotin,  gim 
by  hypodermic  injection,   arrested    the  haemorrhage  without,  however, 
preventing  a  fatal  termination.      Chloride  of  calcium  deserves  a  triiL 
Nitrate  of  silver,  perchloride  of  iron,  and  other  astringents  have  been 
applied    locally    to   control    haemorrhage    from    the   gums    and   moDtii 
Adrenalin  chloride  would  appear  to  be  a  useful  local  haemostatic. 

Suppression  of  Urine  is  one  of  the  most  formidable  symptoms  in  yello» 
fever.  Much  may  be  done  to  prevent,  but  little  to  cure  it.  Dry  cnppiog 
over  the  kiilneys,  fomentations,  and  hot  |)acks  are  the  least  hopeltfi 
remedies. 

A  mode  of  treatment  recommended  by  Sternberg  has  been  ido< 
favourably  reported  on  by  a  number  of  physicians  who  have  had  * 
opportunity  of  testing  it  He  gives  hourly  three  tablespoonfuls  of* 
mixture  containing  150  grains  of  bicarbonate  of  soda  and  one-third  rf 
a  grain  of  perchloride  of  mercury  in  40  ounces  of  ice-cold  water.  TIA 
treatment  does  not  interfere  >vith  the  employment  of  the  means  ve 
have  recommended  for  reducing  the  temperature  and  maintaining  the 
action  of  the  kidneys,  and  should,  I  think,  be  adopted  in  all  but  th« 
mildest  cases. 

JUnientation, — For  the  first  two  or  three  days  the  patient  is  betitf 
^vithout  food.  If  some  support  seems  necessary,  a  little  milk  and  lime 
water  may  be  given  occasionally.  When  the  remission  stage  has  set  in 
and  is  progressing  favourably,  milk  and  lime  water  can  be  given  for » 
day  or  two,  and  then,  as  convalescence  proceeds,  small  quantities  A 
chicken-broth  niav  be  allowed,  and  a  return  to  solid  food  cautiouslr 
made.  The  greatest  difficulties  are  encountered  when  vomiting  i)er8i8ti 
or  returns  during  the  remission  stage.  Here  again  milk  and  lime  water 
should  be  tried,  and  supplemented,  or  replaced  if  necessary,  by  nutritit* 
enemas. 

Stimulants  should  be  altogether  avoided,  both  during  the  febrile 
stiige  and  the  remission  stage  when  convalescence  is  progressing  aiti»- 
faotorily.     A\'hcn  bad  symptoms  appear  during  the  remission,  and  the 
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It's  action  and  the  putjeiit'a  strength  begin  to  fuil,  alcoholic  atimulaiits 
tbsoliitel}'  necessary.  Iced  champagne  is  generally  recommended, 
I  it  cannot  always  be  tincl,  nor  does  it  always  agree  with  the  patient. 
IhHM  circumstances,  one  or  two  tea  -  spoon  fills  of  good  whisky  or 
ody  should  be  given  in  half  an  ounce  of  iced  soda-water.  The 
)iint  and  frequency  of  the  dose  is  to  be  regulated  by  the  condition  of 
patient,  the  way  in  which  it  is  tolerated,  and  its  observed  effects. 
Andrew  Davidson. 
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'^•Hia.  Loud.  1815.— Bali.T,  Frab^oib,  at   Parisbt.      Mist.  mid.  dt  la  JUvrt 
^%,  HtU,  1820. 
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DENGUE 

By  Sir  PATMcit  MAN<ioN,  K.C.M.G.,  M.D.,  LL.D.,  F.R.S. 

1KT3IS. — Denffiu  (derived,  according  to  Hirsch,  from  the  SiKiniah 
equivalent  of  the  English  word  "  dandy  "  ;  according  to  Corre,  from 
Borne  Uindustani  word — -possibly  daiiija) ;  dandy  firver ;  pulkn  feoer 
(Brazilian);  /Ar«  dat/s'  fever;  louquet  (corrupted  bucket),  on  account 
of  the  eruption ;  giraffe  or  stiff-neeked  fever ;  exanthms  artkroiia ; 
rhmmatismHi  febrilii  rhevmatiem  ',  starlatinn  rhfiijiiaiira  ;  planloria. 
These  are  but  a  few  of  the  many  more  or  less  fantastic  names  which, 
from  time  to  time,  have  been  given  to  this  disease. 
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Definition. — A  specific  infectious  fever  peculiar  to  "warm  cUmatOL 
Occurring  usually  in  widespread  epidemics,  it  exteuds  with  great 
rapidity,  and  attacks  a  very  large  proportion  of  the  inhabitants  of  the 
affected  areas.  Individual  attacks  are  characterised  by  suddenness  of 
onset ;  rapidly  developed,  quickly  subsiding  fever ;  intense  headache  and 
loin-ache  ;  severe  rheumatoid  pains  in  or  about  joints  and  muscles ;  an 
initial  erythematous  and  a  terminal  nibeoloid  eruption,  and  a  very  knr 
niortalitv. 

History  and  Geogrraphical  Distribution. — Being  almost  entirelj 
confined  to  tropical  countries,  rarely  visiting  Europe,  and  having  but  ai 
insignificant  mortality,  we  cannot  wonder  that,  although  very  probaUy 
this  disease  has  existed  for  ages,  there  arc  no  records  from  ancient  tinm 
which  we  are  justified  in  regarding  as  applicable  to  dengue.  Nor,  for 
similai'  reasons,  is  it  at  all  likely  that  the  records  available  for  die 
medical  histonan  suffice  to  complete  the  list  of  the  epidemic  and  local 
outbreaks  even  of  later  times  since  the  specific  features  of  the  diaeaM 
were  definitely  formiUated. 

The  first  recognisable  descriptions  of  what  must  have  been  epidemic 
dengue  refer  to  1779  ;  in  that  year  we  have  trustworthy  accounts  of  its 
occurrence  in  Cairo  and  also  in   Batavia.     It  would  appear  that  these 
pjirticular  outbreaks  were  only  a  part  of  what,  so  far  as  regards  tropiGd 
and  subtropical  countries,  was  a  vast  pandemic  wave  ;  for  in  that  and  the 
following  vears  we  hcfir  of  a  disease,  apparently  the  same,  in  places  so  bat 
apart  as  India  (1780),  Philadelphia  (1780),  and  Spain  (1784-88).     \^lth 
the  exception  of  a  limited  outbreiik  at  Lima  in  1818  wo  do  not  again  \ 
hear  of  dengue  until   1824.     In  that  year,  and  in  1825,  it  was  again 
extensively  e[)idemic  in  India  and  at  Suez ;  and  from   1826  to  1828  it 
prevailed  in  the  western  hemisphere  in  the  Southern  States  of  the  Unio»» 
in  Mexico,  in  the  West  India  Islands,  and  in  the  north  of  South  Ameii 
From  that  time,  and  for  nearly  twenty  years,  we  only  hear  of  sea 
and  loc4il  epidemics  about  the  Arabian  coast  (1835),  in  Calcutta  (1$ 
and  1»S44),  Bermuda  (1837),  Cairo  (1845),  Cawnpore  (1847),  and 
gambia  (184r)-48).     From  1845  to   1849  it  was  epidemic  in  Brazil       *^ 
1850-54  it  sprwid  to  the  United  States  and  the  West  Indies,  while  abo*^ 
the    same    time  (1853-54)  a  similar  epidemic  passed  over  India.       ^' 
1870-75  a  fresh  epidemic  wave,  starting  apparently  from  the  east 
of  Afnca  in  the  neighbourhood  of  Zanzibar,  spread  all  over  the  tro 
parts  of  the  eastern  hemisphere.     In   LS72  it  reached  China,  where, 
Amoy,  during  the  months  of  August  and  September,  I  had  an  opi 
tunity  of   bcitonn'ng   practically  acquainted    with    the   disease.       The^ 
appears   to    have    been  a  corresponding  but  more  limited   epidemic   ^ 
America  confined  to  Louisiana.     Minor  epidemics  occurred  in  Tripoli  ^ 
is 78,  on  the  Caribbean  coast  of  North  America  in  1880,  in  New  CiB 
donia  in  1884-85,  in  Fiji  in  18S5,  and  in  Tripoli  in  1887.     One  of  t 
latest  and  bfst  recorded  epidemics  is  that  described  by  du  Bnin,  whi 
in    18S8  and  1889  spread  all  over  Syria,  Asia  Minor,  and  the 
shoies  of  Greece  and  Turkey.     Within  the  last  few  years  dengiie 


e  more  appeared  in  the  Far  East  in  epidemic  form,  extending  as  far 
mth  as  Brisbane,  Austmlia,  where  important  atndiea  of  the  diBeaae  have 
1  made  by  Bancroft,  Hare,  and  others. 

From  a  study  of  the  dates  of  occurrence  of  these  vnrioiia  epidemics 
I  would  seem  that  this  dJBease  tends  to  ssatime  pandemic  chai'acters  once 
'  i  about  every  twenty  years.  Independently,  however,  of  the  great 
inthreaks  many  minor  epidemics  occur  in  the  intervals ;  moreover,  it  is 
iert«d  liy  some  authorities  that  after  epidemic  visitations  dengue  tends 
to  become  permanently  established  as  au  endemic  diBease  in  certain 
(.•ounlries  where,  as  it  is  supposed,  it  was  formerly  unknown.  Thus,  it 
is  said  to  have  liecome  endemic  in  Egypt  since  1845;  in  Tripoli  since 
1855  :  in  Cyprus  and  on  the  Syrian  coast  since  1861.  As  an  endemic 
dise^ise  it  is  lielieved  that  dengue  is  more  common  in  the  West  Indies 
than  elsewhere. 

Besides  the  countries  already  referred  to,  dengue  is  met  with  from 
lime  to  time  in  the  islands  of  the  Pacific— Tahiti  and  the  Hawaiian 
L^oHp.  for  example  :  and  also  on   its  eastern   shores,  as  at  Callao  and 

Speaking  generally,  therefore,  its  ordinary  limit  of  difTusion  may  he 
set  down  as  lying  between  33°  47' N.  (Charleston  in  South  Carolina  and 
Lodiana  in  India),  and  23'  23'  S.  (San  Paulo  in  Brazil) ;  but  occasionally 

Poring  warn)  weather  it  may  spread  farthei'  north  to  3(1°  10'  (south  of 
pain).  39  9fi'  (Philadelphiii),  and  even  to  '12'  N.  (the  southern  shores 
(the  Black  Ken). 
Cbaracterlstlcs  and  Spread  of  Dengue  Epidemics.— The  most 
remarkable  feature  about  epidemic  dengue  ia  the  rapid  way  in  which  it 
spreads  through  a  commimity.  and  the  large  proportion  of  individuals  it 
ftttaeks.  So  rapid  is  its  difftision  that  it  may  be  described  as  bursting 
upon  a  place.  Both  in  suddenness  of  epidemic  rise  and  in  the  large 
nnmbera  attacked  it  is  comparable  to  infiuenza.  In  regard  to  the  latter 
feature— the  numbers  attacked — we  find  that  in  moat  epidemics  hai-dly 
any  one  is  spared  ;  all  ages,  both  sexes,  all  races,  and  every  condition  of 
life  are  aHected  indiscriminately.  Seventy-five  per  cent,  therefore,  is  not 
too  liberal  an  estimate  of  the  proportion  of  the  population  attacked  during 
an  epidemic  outbreak. 

The  epidemic  which  I  vritneased  in  Araoy  in  1872  was  no  exception 
iu  these  respects  to  the  general  rule.  About  the  first  week  in  August 
cases  of  an  unfamiliar  disease  were  reported  in  the  town  ;  by  the  end  of 
tiie  second  week  such  cases  were  numerous,  whole  families  being  prostrated 
by  it  at  a  time  ;  a  week  later  such  cases  were  still  more  common  ;  and  by 
the  end  of  the  month  so  numerous  were  the  invalids  that  the  business  of 
the  town  was  seriously  interfered  with.  All  the  patients  and  attendant* 
in  the  native  hospital  were  attackerl  one  after  the  other.  By  the  end  of 
■  lie  following  month,  that  is.  about  eight  weeks  from  the  incidence  of  the 
opidemic,  all  those  susceptible  in  the  town  of  Amoy  had  passed  through 
■  the  disease.  The  epidemic  hung  about  the  place  for  a  month  or  two 
-,  being  kept  alive,  apparently,  by  strangers  from  such  neighbouring 
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towns  and  villages  as  had  hitherto  escaped  the  visitation.     This  seems  to 
be  tlie  course  of  all  dengue  epidemics. 

Like  other  infectious  epidemic  diseases,  dengue  tends  to  advance  along 
the  trade  routes  and  lines  of  communication.  Tims  the  epidemic  of 
1870-73,  starting  from  Zanzibar,  first  reached  Aden;  from  this  port  il 
was  diffused  north  to  the  Ked  Sea  coast  and  to  Port  Said,  and  east  to 
Bombay,  Calcutta,  and  Madras,  whence  it  radiated  all  over  India.  Paa»- 
ing  to  Singapore  it  followed  the  trade  routes  south  to  the  islands  of  tbe 
Eastern  Archipelago,  and  north  to  Siam,  Cochin  China,  and  China.  From 
India  it  was  carried  by  coolie  immigrants  to  Mauritius  and  K^union  in 
1873. 

Influence  of  Climate,  Season,  Temperature,  and  Altitude. — When 
dengue  spreads  beyond  its  ordinary  geographical  limits — as,  for  example, 
in  the  case  of  the  epidemics  in  Philadelphia,  Spain,  Syria,  etc. — the« 
extensions  occur  only  during  the  hottest  part  of  the  year,  in  late  summer 
and  early  autumn.  Hitherto  such  epidemics  have  been  arrested  by  the 
approach  of  winter.  Even  when  occurring  within  what  may  be  designated 
as  its  normal  geographical  limits,  dengue  prevails  principally,  althougii 
not  invariably,  during  the  hottest  part  of  the  year.  High  temperature, 
therefore,  seems  to  be  one  of  the  conditions  it  demands. 

Epidemics  occur  indifferently  during  either  the  dry  or  the  niinj 
seasons.  The  hygrometric  condition  of  the  atmosphere  is  therefoit 
without  a  manifest  influence  on  the  disease. 

It  would  appear  that  dengue,  like  yellow  fever,  prefers  the  coast  Hm 
and  the  deltas  and  valleys  of  the  great  rivers,  to  the  interior  of  continents: 
although  to  this  rule,  just  as  in  the  case  of  yellow  fever,  there  have  been 
exceptions  ;  such  as  the  epidemic  of  1870-73,  which  spread  all  orer 
India.  Distribution  and  concentration  of  population  on  the  seaboanl 
and  along  rivers,  and  the  freedom  of  communication  between  communities 
so  placed,  may  have  some  influence  in  determining  this  clinging  of  tbfl 
disease  to  such  localities. 

As  a  rulo,  elevated  y)laces  enjoy  at  all  events  a  relative  immunity;  ^ 
the  disease  be  introduced  into  such  localities,  usually  it  does  not  spreii 
To  this,  again,  there  are  exceptions,  for  the  Syrian  epidemic  pre\'ail«'^ 
in  places  from  4000  to  5000  feet  above  the  sea-level  as  well  as  on  the 

COilSt. 

There  are  no  facts,  therefore,  to  associate  the  difliision  of  epideinK 
dengue  with  meteorological  conditions  other  than  that  of  high  temper** 
ture.  Nor  does  it  appear  to  be  influenced  in  any  way  by  the  mineral  ^^ 
hygrometric  character  of  the  soil. 

High  temperature,  a  certain  density  of  a  susceptible  population  unpro- 
tooted  by  the  immunity  conferred  by  a  recent  epidemic,  and  the  diffu8i<* 
of  a  specific  germ  by  human  intercourse  seem  to  be  conditions  necessary  fof 
the  establishment  of  epidemic  dengue. 

Symptoms  and  Course. — An  attack  of  dengue  may  be  preceded  i^ 
a  few  hours  l)y  feelings  of  malaise  ;  or  perhaps  painful  rheumatic -like 
twinges  in  a  limb,  finger,  toe,  or  joint  may  herald  its  approach.     Usually, 
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however,  the  disease  seta  in  quite  stiddeoly.  A  patient,  deecribing  }iis 
t-xperience  in  this  respect,  said  that  in  tbe  morning  he  got  up  as  usual, 
feeling  i(uit«  well,  and  began  to  dress,  but  before  he  coidd  complete  bis 
toilet  he  was  so  prostrated  by  pain  and  fever  that  further  exertion  was 
inipossibie,  and  he  had  lo  ci-awl  back  to  bed.  Similar  stories,  illustrative 
»f  the  suddenness  of  incidence  of  the  sTmptonis,  circulate  during  e\er^ 

Iopidemic  of  dengue.  Sometimes  the  fever  is  ushered  in  by  a  fetling  of 
l^illiness,  or  even  by  a  smart  rigor  ;  sometimes  a  deep  flushing  of  the  face 
iis  the  firet  thing  remarked. 
\  *  However  it  may  begin,  fever  rapidly  increaseB  ;  the  head  and  eyeballs 
ft<l<>ickly  begin  to  ache  excessively,  and  some  limb  or  joint,  or  e\en  the 
Swhole  bodv,  is  racked  with  peculiar,  slifi',  rheumatic-like  pams  which, 
l»,r'  -• 
I  loin 
Ipnii 
I  lie 
(Mo 


i*i  the  patient  soon  discovers,  are  much  aggravateil  by  movement.  The 
I  loins  arc  tbe  seat  of  great  discomfort,  amounting  in  some  cases  to  actual 
fpoin.  The  face — particularly  the  lower  part  of  the  forehead,  around 
I  lie  cyea,  and  over  the  malar  bones— becomes  aiifl'usetl  of  a  deep  purple 
Pwioiir  :  and  often  the  skin  over  part  or  the  whole  of  the  body,  and  all  visible 
V*>Qeous  membranes,  are  more  or  less  flushed,  the  mouth  and  throat 
f  wcoming  sore  from  congestion  and  from  small  superficial  ulcers,  Tbe  eyes 
"S  usually  much  injected ;  very  often  the  whole  face  is  bloated  and 
•"■ollen.  This  tongesteil,  erythematous  state  of  skin  constitutes  the 
""^t^tilled  "  initial  rash." 

These  symptoms  becoming  in  severe  cases  rapidly  intensified,  the 
lati^nl  in  a  few  hours  is  completely  prosti'atcd  ;  his  pulse  has  risen  to  120 
"'■  more,  his  temperature  to  103",  in  some  CJises  lo  lOo",  or  even  100°  F. ; 
'"*  is  nnable  to  move  owing  to  the  intense  headache,  the  severity  of  tbe 
V^x  ns  in  limbs  and  loins,  and  tbe  sense  of  febrile  prostration.  The  skin, 
'et-  tlie  most  part  hot  and  dry,  may  be  moistened  from  time  to  time  with 
"f*  abortive  perspiration.  Gastric  oppression  is  apt  to  be  urgent,  and 
''tt^aiiting  may  occur.  Gradually  the  tongue  acquires  a  moist,  creamy 
™  ■"»    which,  as  the  fever  progresses,  tends  to  become  dry  and  yellow. 

Id  this  condition  the  patient  may  continue  from  one  to  three  or  four 
''^■ys,  the  fever  declining  somewhat  after  the  first  day.  In  the  vast 
'''^- j  ority  of  cases  this,  the  first  and  most  acute  stage,  is  abruptly  termin- 
''t*5<3  about  the  end  of  the  second  day  by  crisis  with  diaphoresis,  diarrhcea, 
.  "-**esis,  or  epistaxis.  When  epistaxis  occurs  the  relief  to  the  headache 
^  ^^eat  and  immediate.  On  the  occurrence  of  crisis  the  erythematous 
'^■^^iition  of  the  skin  rapidly  subsides,  if  it  have  not  already  disappeared. 
"j*  some  cases  crisis  does  not  occur,  but  the  fever  slowly  declines  during 
I  *~«e  or  four  days.  Thus  the  urgent  symptoms  tor  a  time  abate,  and 
I  *^  pitient  rapidly  or  slowly  passes  from  what  in  many  cases  may  be 
'^'^'-cribed  as  the  agony  of  the  first  stage  to  the  comparative  comfort 
*lie  second. 
^Vhen  the  second  stage  is  thoroughly  established,  and  the  tem- 
!^*«^ture  has  sunk  to  normal,  the  patient  is  usually  sufficiently  well  to 
*-vc  his  bed  or  even  to  attend  to  business.  An  occasional  twinge  in 
■  finger,    or  a  tenderness  in  the  soles  of    the  feet,  and 
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perhaps  giddiness  in  walking,  may  remind  him  of  what  he  has  gone  through, 
and  warn  him  that  he  is  not  yet  quite  well.  But  the  tongue  cletiie, 
appetite  returns  to  some  extent,  and  he  feels  moderately  conifortabl& 

This  state  of  matters  continues  to  the  fourth,  fifth,  sixth,  or  even  to 
the  seventh  day,  counting  from  the  commencement  of  the  illness.  Theii 
there  is  generally  a  return  of  fever,  slight  in  most  cases,  more  severe  in 
others,  and  usually  of  very  short  duration — a  few  hoiu^  perhaps.  Some^ 
times  this  secondary  fever  does  not  occur ;  very  often  it  is  overlooked. 
With  the  return  of  fever  an  eruption  of  a  roseolar  character  appeaii 
Along  with  the  fever  and  with  this  "  terminal  eruption "  the  pAn 
return,  perhaps  witli  more  than  their  original  severity.  The  few 
subsides  in  a  few  hours,  but  the  eruption,  though  at  times  very  O'a- 
escent,  may  keep  out  for  two  or  three  days,  being  very  generally  foUoved 
hy  an  imperfect  desquamation.  It  seldom  happens  that  the  fever  or 
pains  of  this  stage  keep  the  patient  in  bed,  although  that  is  the  beA 
place  for  him  if  a  comfortable  ancT  speedy  convalescence  be  desired, 
liarely  does  the  thermometer  rise  to  103°  F. ;  it  falls  rapidly  bekrf 
the  normal  on  the  setting  in  of  diaphoresis,  diarrhoea,  or  other  fon> 
•of  crisis. 

The  terminal  eruption  possesses  very  definite  characters.  It  is  abaert 
in  a  very  few  only  ;  it  is  quite  possible  that  in  many  of  those  case8  in 
which  it  Avas  supposed  to  be  absent  it  was  slight  and  had  been  overlooked 
As  stated,  it  is  roseolar  in  character,  and  usually  commences  on  the  pilw 
and  backs  of  the  hands,  extending  for  a  short  distance  up  the  forearD^ 
Its  development  is  often  associated  with  sensations  of  pricking  iJ 
tingling.  On  the  palms  of  the  hands  the  spots  are  at  first  about  th0 
size  of  a  small  pea,  circular,  dusky  red,  and  sometimes  slightly  elevated: 
they  are  best  seen,  however,  on  the  back,  the  chest,  upper  arms,  tfd 
tliighs.  In  these  situations  they  appear  at  first  as  isolated,  sligbtlf 
elevated,  circular,  reddish-brown,  rubeoloid  spots  from  one-eighth  to  oao- 
half  of  an  inch  in  diameter,  thickly  scattered  over  the  surface;  eachspo^ 
being  isolated  and  surrounded  by  normal  skin.  After  a  time  the  spott 
enlarging  may  coalesce  in  places;  thus  irregiUar,  red  patches,  fromo* 
to  three  inches  in  diameter,  are  formed.  Or  perhaps  there  is  a  genenl 
coalescence  of  spots,  isolating  here  and  there  patches  of  sound  skin  ;iB 
this  case  the  islands  of  normal  skin  give  rise  at  first  sight  to  the  ftl* 
impression  that  they  constitute  the  eruption — a  pale  eruption  on* 
scarlet  ground.  In  a  few  insttmces,  indeed,  the  whole  integumeo^ 
may  he  one  unl)roken,  continuous  sheet  of  red.  The  rash  is  usuJIy 
most  i)rofuse  on  the  hands,  wrists,  elbows  and  knees,  and  generff 
coalesces  in  these  situations ;  where  it  may  often  be  detected  wheo 
absent  or  scanty  elsewhere.  The  spots  disappear  on  pressure;  tlwf 
never  become  petechial,  nr  only  in  very  rare  cases.  They  fade  in  A' 
order  in  which  they  appear  :  first  on  the  hands  and  wrists,  then  ontb 
neck,  face,  thighs  and  body,  and  last  of  all  on  the  legs  and  feet  Db*" 
quamatiori  may  go  on  for  two  or  three  weeks.  In  many  it  is  trifling  * 
amount ;  for  the  most  part  it  is  furfuraceous ;  rarely  the  epidermis  p^ 
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.  11  in  (lakt!s  of  auy  magnitude,  and  never  in  the  broad  sheets  seen  after 
.'  :i.rUtiim ;  oft«n,  for  a  day  or  two,  it  is  accompanied  with  intense 
Li  litAtion. 

Id  some  instuaces  the  disease  may  be  said  to  finish  its  cour^  with 
i.bo  fading  of  the  t«i'mina]  eruption.  Appetite  and  strength  gradually 
return,  atid  the  patient,  after  » few  days  of  debility,  feels  quite  well  again 
uid  able  for  work.  But  with  many,  indeed  with  most  patients,  their 
I  bwibtcs  do  not  end  so  soon.  For  days  or  weeks  some  muscle,  tendon, 
r  joint  is  the  seat  of  tlie  peculiar  pains,  which  may  become  so  severe 
D  send  their  victim  back  to  bed  again.  Sometimes,  three  or  four 
Kire«kB  after  all  apparent  trace  of  the  disease  has  vanished,  a  joint  or  a 
BowIe  will  be  suddenly  disabled  byan  attack  of  this  description.  This  may 
r  in  patients  who  during  the  acute  stage  suffered  perhaps  little 
I  pain.  A  finger,  or  toe,  or  a  joint  of  a  finger  or  toe,  may  alone 
InSer.  Of  the  joint«  perhaps  the  knee  is  moat  frequently  affected,  but 
its  or  shoulders  also  are  often  attacked ;  and  the  associated  muscles  may 
n  undergo  considerable  atrophy  from  enforced  disuse.  The  sol^  of 
like  feet,  too,  and  the  tarsal  articulations  are  favourite  sites.  ITie 
s  of  dengue,  both  those  occurring  during  the  initial  fever,  and 
Ithiisc  which  may  be  regarded  as  sequels,  are  difficult  to  lorate  with 
IfTKision;  the  jointe  or  mtucle  affected  may  bo  percussed,  pressed, 
iof  moved  with  impunity.  Du  Brun  locates  those  associate  with 
I  "6  knee  in  the  thigh  muscles,  which,  he  says,  are  painful  on  deep 
Ipfessure.  The  pains  iisuaJly  are  worst  on  getting  out  of  bed  in  the 
I  ^■K^ing,  and  on  moving  the  affected  part  after  it  has  rested  for  some 
■"•e.  They  are  relieved  somewhat  by  rest  and  warmth.  Passive 
■""vemcnts  are  not  painful,  but  any  resistance  to  the  movements  of  a  limb 
^y  cause  acute  suffering.  When  a  muscle  is  affected  the  pain  is 
**Oiiipiinifd  by  a  sense  of  power!  ess  ness. 

Convalescence  may  be  very  much  delayed  by  the  pei-sistonce  of  the 
P*"ia ;  by  anorexia,  general  debility,  sleeplessness,  evanescent  feverish 
"tla^ks,  boils,  urticarial,  lichenoid,  and  papular  eruptions,  and  by  trouble- 
"""o  pruritus.  Among  sequels  and  complications  may  be  mentioned 
'  "l-'^i-gement  of  the  lymphatic  glands,  particularly  the  superficial  cervical ; 
/'^"lilis,  possibly  endo-  and  pericarditis,  hyperpyrexia,  and  hemorrhages 
iru&i  tjje  mouth,  nose,  bowel,  or  uterus.  Miscarriage  is  rare.  The  urine 
""^Setimea  contaius  a  trace  of  albumin,  but  nephritis  does  not  occur, 

^ch,  briefly,  is  a  description  of  the  dengue  observed  by  myself  in 
An»c>y  in  1872.  It  would  appear,  however,  to  judge  from  the  published 
''^**;riptii)ns,  that  there  is  considerable  variation  in  the  symptoms  of  this 
J'S^sasc  in  different  places  and  iji  different  epidemics.  Thus,  certain 
*"*-t»oK  mention  swelling  of  one  or  more  joints  as  a  common  and 
f"^**iiiiient  symptom ;  also  metastasis  of  the  pains,  enlargement  of  the 
^i^'»iu»xillary  glands,  orchitis,  and  so  forth,  as  being  frequently  present. 
**«»«  in  my  experience  were  very  rare.  However  this  may  be,  the 
'**«ntial  features  in  well-marked  cases  are  practically  very  much  alike 
"^"^lywhere  and  in  all  epidemics  ;  nearly  all  writers  accentuate,  as  leading 
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and  characteristic  symptoms,  the  suddenness  of  the  rise  of  tempentore 
the  initial  stage  of  skin  congestion,  the  pains,  and  the  terminal  eruptioiL 

Relapses  of  dengue  are  not  uncommon,  and  second  and  even  time 
attacks  during  the  same  epidemic  have  been  recorded.  As  a  rule,  tiv 
susceptibility  to  this  disease  is  exhausted  by  one  attack. 

The  incubation-period  seems  to  be  somewhat  variable.  It  ii 
certainly  not  a  long  one.  I  have  seen  a  case  in  which  it  could  not  liAfe 
exceeded  twenty-four  hours.  Some  observers  place  it  at  ^\e  or  cvja 
seven  days,  but  this  is  an  over-estimate.  One  to  three  days  seema  to 
be  near  the  truth. 

Epizootics  concurrent  with  dengrue  epidemics  have  been  noted  is 
Spain  in  1784,  and  at  Baroda  and  Eangoon  in  1872.  The  animiii 
affected  are  said  to  have  shewn  symptoms  of  paresis  of  one  or  nun 
limbs. 

Diagnosis. — The  diseases  most  likely  to  be  confounded  with  dengv 
are  German  measles,  scarlatina,  measles,  syphilitic  roseola,  influenza,  rliei- 
matic  and  malarial  fevers.  A  knowledge  of  the  distinctive  features  rf 
these  various  diseiises,  and  of  the  fact  that  dengue  is  attended  both  viA 
a  rash  and  with  articular  pains,  and  that  it  occurs  in  groat  and  rapidlf 
developed  epidemics,  should  prevent  any  serious  error  in  diagnosis. 

Mortality  and  Prognosis. — In  uncomplicated  dengue  the  dinel 
mortality  may  be  said  to  be  almost  nil.  In  the  ease  of  very  yom  J 
children  convulsions  or  delirium  may  occur  and  cause  some  aiudetf; 
and  in  the  aged  and  infirm,  and  in  those  suffering  from  chronic  e^ 
haiisting  disease,  an  attack  of  dengue  may  prove  a  serious  complicstioi> 
Charles  describes  a  pernicious  form  which,  though  rare,  was  very  mo* 
dreaded  in  Calcutta  ;  in  these  cases  the  lungs  were  oedematous,  and  t^ 
patient,  becoming  drowsy  and  cyanotic,  quickly  passed  into  a  conditi* 
approaching  hyperpyrexia  and  died.  Some  writers  state  that  tb 
gravity  of  any  given  case  is  in  direct  proportion  to  the  abundance  ■ 
eruption  ;  others  deny  this.  In  the  European  in  hot  and  unhwltkf 
climates  an  attack  of  dengue  very  often  leads  to  a  condition  of  dcbiliV 
necessitating  temporary  change  of  climate,  or  even  a  return  to  Earo(* 
In  both  Europeans  and  natives  the  attendant  lowering  of  the  rwsl^ 
powers  disposes  to  other  and  more  dangerous  diseases,  such  as  mJrt 
yellow  fever,  dysentery,  pulmonary  tuberculosis,  and  so  forth.  C* 
sequently  dengue,  otherwise  a  benign  disease,  may  become  a  source  fl» 
pul^lic  danger.  It  is  probable  that  it  is  in  this  indirect  way  that  tke 
general  mortality  rises  during  the  epidemic  visitation  of  this  disease. 

Nature  of  Dengue. — There  can  be  little  doubt  that  dengue  heW 
to  the  same  class  of  diseases  as  measles,  scarlatina,  and  the  other  exaoti*' 
matous  fevers.  Analogy  distinctly  points  to  this.  Certain  writers,  how- 
ever, oppose  this  view ;  principally  on  the  ground  that  the  epidcB* 
extension  of  dengue  is  so  rapid  and  so  wide  that  there  can  be  no  time^ 
the  operation  of  infection  from  p<'i-son  to  person.  Such  writers  invol* 
some  vague  telluric  or  atmospheric  influence  to  explain  the  rapid  tf* 
tension  of  the  disease  in  epidemics,  and  the  tendency  it  exhibits  &«• 
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H'oie  to  lime  to  become  rapidly  pandemic.  But  if  we  Leiw  in  mind  tlic 
liortne^  of  the  incubation- period,  the  almost  universal  susceptibilily  of 
tie  population  unprotected  by  a  recent  Wsitation  of  the  disease,  the  fre- 
ijuency  <A  mild  attacks,  which,  even  during  their  height,  do  not  incaj>aci- 
tsU;  the  subject  of  them  from  walking  about  the  streets  iind  thus  diffusing 
ilii'  infection  far  and  wide,  nnd  the  marked  tendency  it  shews  to  prevail 
»I>evialty  in  towns  and  densely  populated  quartern,  one  can  readily  under- 
ftittd  that  the  entire  popidation  of  a  city  may  he  exposed  to  and  acquire 
tiie  disease  within  a  fortnight  of  the  importation  of  the  firstcase,  Dengue 
ill  this  ruapect  closely  resembles  influenza,  A  highly  infectious,  but  not 
in  /ill  cases  nor  generally  a  very  disabling  disease,  to  which  nearly  every 
<>n&  is  susceptible,  and  which  has  a  short  incnbntion-penod,  is  bound  to 
spread  rapidly  when  introduced  into  thickly  populateil  districts. 

A&  to  the  nature  of  the  poison  or  germ  of  dengue  there  are  no  veil- 
i-stJiMished  data  on  which  to  base  a  very  definite  opinion.  Bacteria,  of 
coufse,  have  been  described  in  connexion  with  this  as  with  every  other 
fever,  but  the  value  of  the  observations  is  at  best  doubtful.  Probably  the 
get-Tn  of  dengue  resembles  those  of  the  other  exanthematous  fevers,  which, 
w't-h  the  exception  of  that  of  enteric  fever,  are  still  hypothetical.  It 
'^  &  singular  aitd  suggestive  circumstance  that,  although  some  of  these 
eifa-nthematoua  fevers  prevail  and  spread  during  the  cold  season  in  the 
ti^jiics  as  readily  as  during  the  hot,  there  are  olhei's — yellow  fever  and 
dtrt^ui; — which  cease  at  once  to  extend  when  the  temperature  of  the 
atiiAosphere  sinks  below  a  certain  point  Conversely  there  is  one  fever, 
wtTinion  enough  in  cold  and  temperate  climates,  which  seems  to  be  killed 
<!»■**■  n  by  the  high  temperature  of  the  tropics,  namely,  scarlet  fever.  As 
the  temperature  of  the  human  body  is  fairly  uniform  in  all  climates,  any 
■^triiining  influence  which  high  or  low  temperature  may  exert  on  these 
disease  germs  can  only  operate  when  the  said  germs  are  outside  the 
'*'**iir,  and  as  they  pass  from  one  person  to  another.  The  fact  that  these 
gefrns  are  so  easily  killed,  or  rendered  inert,  by  insignificant  differences 
™  atmospheric  temperature  during  what  must  be  but  a  momentary  cx- 
P<*stire,  seems  to  tell  very  strongly  against  the  supposition  that  these 
•""eaiiisma  are  Imcteria ;  for  auch  bacteria  as  we  know  are  organisms 
"h  jth.  tor  the  most  part,  possess  great  powers  of  resistance  both  to  high 
"'••1  low  temperatures,  and  are  certainly  in  all  cases  well  able  to  with- 
*t^n(l  such  inconsiderable  elevations  and  depressions  of  temperature  as 
"•^^^wr  naturally  either  in  the  temperate  or  in  the  tropical  zones.  Analo- 
t5^*»»  and  similarly  suggestive  contrasts  in  their  heat-resisting  capacities 
f^^  supplied  by  the  malaria  germ,  and  by  the  hypothetical  germs  of  beri- 
"*>n  and  rheumatism. 

Cirahum  describes  an  endocorpnscular  organism  resembling  Iluhfiia 

ff^miiiii   which  he  says  he  found  in  rlengue  blood  in  a  recent  Syrian 

t*>demic,     He  further  mentions  several  experiments  which  led  him  to 

^nehidc  that  the  infection  was  transmitted  by  the  common  mosquito 

^'Ifj- fafiifiin*.     Other  observers  have  entirely  failed  to  confirm  Graham's 

'^^tements,   but  Bancroft  in   Australia  regards  the  virus  of  dengue  as 

Vol.  II.— pt.  11  2  .\ 
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analogous  to  that  of  yellow  fever  both  in  respect  to  its  ultra-microscopk 
minuteness  and  its  transmission  by  Stegomyia  fiisciaia.  His  experiments 
as  regards  the  role  of  the  latter  are  few  and  contradictory;  neverthelesa, 
the  epidemiology  of  the  disease  is  quite  in  keeping  with  such  a  iiypo- 
thesis. 

Treatment. — Were  it  possible  to  secure  perfect  isolation  for  an  indi- 
vidual during  an  epidemic  of  dengue  there  can  be  little  doubt  that  he 
would  escape  the  disease.     Even  comparative  isolation  is  attended  with 
diminished  liability.     In  Amoy,  in  the  epidemic  of  1872,  those  foreigner^ 
who  lived  in  a  more  or  less  ruial  and  isolated  situation  were  very  mucli 
less  affected  than  were  those  who  lived  in  the  Chinese  town,  or  than 
those  Avhose  occupations  threw  them  much  in  contact  with  the  natiroa 
This  and  similar  facts  point  to  the  theoretical  possibility  of  thus  avoidii^ 
dengue  during  an  epidemic ;  but  in  the  ordinary  circumstances  of  life  b 
the  tropics  such  precautions  would  be  impracticable. 

Like  the  allied  fevers  dengue  runs  a  definite  course ;  it  is  useless  \o 
attempt  to  abort  or  cut  it  short  The  patient  should  go  to  bed  as  soon 
as  he  feels  ill,  and  he  should  keep  his  room  until  the  terminal  eruptkfl 
has  quite  disappeared  and  he  feels  well  again.  Ten  days  is  not  too  hof 
to  allow  in  severe  attacks.  As  in  influenza,  rest,  light  diet,  and  the 
avoidance  of  chills  conduce  pow^erfully  to  a  speedy  and  sound  con^'al» 
cence.  At  the  outset  of  the  fever  some  saline  diaphoretic  mixture  m'tfc 
aconite  may  be  prescribed,  perhaps  with  advantage.  If  the  pains  ^ 
severe  and  the  fever  high,  antipyrin,  or  antifebrin,  or  belladonna  will 
give  great  relief.  Cold  applications  to  the  head  are  comforting.  If  tta 
temperature  rise  to  105°  F.  or  over,  cold  sponging  or  the  cold  bath  oagto 
to  be  used.  If  the  pains  continue  to  be  very  distressing,  a  hypod«BW 
injection  of  morphine  will  afford  welcome  relief  and  do  no  harm.  Fvsffr 
tives  and  emetics  should  be  avoided,  unless  pronounced  constipation  or  i 
history  of  a  recent  full  meal  urgently  demand  their  use ;  the  pain  cauirf 
by  the  disturbance  of  the  patient  more  than  counterbalances  any  advantigB 
they  might  otherwise  1>ring.  The  diet  during  the  fever  must  be  liquid  I 
afterwards  light  and  nutritious.  Wine  in  the  early  stages  is  not  adA* 
able.  Fleshly  made  lemonade  and  iced  water  will  bo  found  to  be  tto 
most  acceptfible  drinks  during  the  fever. 

For  the  ]>ains  experienced  during  convalescence,  rubbing  with  tf 
opium  or  belladonna  liniment,  gentle  massaf^e,  electricity,  salicyUt*^ 
small  doses  of  iodide  of  potassium,  and  quinine  have  each  l)een  advo- 
cated. Debility  and  anorexia  indicate  tonics  such  as  quinine,  strychnin^ 
mineral  acids,  vegetable  bitters,  and  change  of  air. 

Patrick  Mansox. 
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JAPANESE   EIVER   OR   FLOOD   FEVERS 

By  F.  M.  Sandwith,  M.D.,  F.R.C.P. 

lONYMS. — ^The  Japanese  call  this  disease  yochubio,  shima  mushi  (island- 
insect),  aku  mushi  (red  insect),  keduni  (hair-louse),  or  Tsutsugamushi. 
Fr.  Ficvre  fluviale.  du  Japon, 

tribution. — This  fever,  first  described  by  Palm,  Balz,  and  Kawa- 
li,  has  so  far  not  been  recognised  in  other  countries,  and  even  in 
on  it  is  limited  to  the  banks  of  rivers  on  the  west  coast  of  the  largest 
nd.  These  rivers  are  the  Omonogawa  and  Minasegawa  in  the  Akita 
riot,  and  the  Shinanogawa,  Akagawa,  Uwonumagawa,  and  the 
jradegaAva  in  the  Niigata  district.  The  disease  is  said  not  to  occur 
ig  the  whole  length  of  these  river  banks,  which  are  flooded  every 
ing  and  summer,  but  to  be  restricted  to  certain  localities ;  and  it  has 
been  reported  from  the  banks  of  other  Japanese  rivers  which  also 
rflow  regularly. 

Causes. — River  fever,  though  infectious,  is  not  contagious,  for  there 
o  record  of  transmission  directly  from  one  individual  to  another.  As 
bacteriology  and  the  insect  or  other  means  by  which  the  virus  is 
veyed  are  unknown,  our  knowledge  is  confined  to  the  factors  associated 
b  the  disease.  According  to  Balz,  it  is  limited  to  the  flooded  valleys 
tady  mentioned ;  the  river  banks,  when  the  flood  subsides,  are  sown 
b  hemp  and  com,  and  during  the  harvest  in  July  and  August  the 
ase  appears.  It  is  chiefly  confined  to  the  har\'esters,  but  occasionally 
»  arise  among  other  men  who  are  working  near  the  river,  even 
ugh  they  have  apparently  not  come  into  direct  contact  "with  the 
dad  soil,  nor  with  the  harvested  hemp  or  corn.  We  must,  therefore, 
ime  that  the  virus  can,  in  favourable  circumstances,  be  conveyed  a 
rt  distance  by  means  of  soil,  clothes,  corn  or  hemp,  or  that  trans- 
sion  takes  place  in  consequence  of  the  bite  of  an  insect,  which  may 
nay  not  be  the  carrier  of  the  virus.  We  may  reasonably  assume  that 
poison  enters  the  body  at  the  spot  where  the  local  scab  and  painful 
iphatic  glands  are  discovered.  Balz  disbelieves  the  assertion  of 
anese  physicians  that  the  illness  is  conveyed  by  an  insect  which  bores 
)  the  skin,  like  the  harvest  bug  {Leptus  autumnali^)  of  Europe. 
Tanaka,  in  three  patients,  found  a  species  of  proteus,  with  staphylococci 
streptococci  in  the  sputum  and  urinary  sediment,  and  at  the 
^peies  was  able  to  confirm  its  presence  in  the  lungs.  lie  therefore 
siders  that  this  micro-organism  is  the  cause  of  the  disease.'- 

The  writer  pretends  to  no  personal  knowledge*  of  this  disease,  but  has  l>een  invited  by 
Sditors  to  compile  a  short  account  of  it  from  the  sources  availa1>Ie. 

In  A  paper  wliich  appeared  while  this  article  was  in  the  j)ress,  Ogata  (4a)  states  that 
lisease  is  due  to  an  ama>boid  protozoon  (sporozoou),  which  he  culls  Kedanisporozoon, 
eyed  by  young  lice  living  on  plants.  He  found  the  sporozoou  in  the  blood  and  organs, 
ned  a  pare  culture,  and  reproduced  the  disease  in  animals. 
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Sex. — All  ages  and  both  sexes  are  considered  liable,  though  men,  being 
more  exposed  to  the  infection  than  women  and  children,  form  the  bulk 
of  the  patients.     Pregnant  women,  if  attacked,  often  miscarry  and  die. 

Morbid  Anatomy. — Very  little  seems  to  be  known  about  the  patho- 
logical results  of  this  disease,  but  it  is  interesting  to  note  that  no  locd 
lesions  of  importance  have  been  discovered.  In  two  autopsies  Kawakaoi 
noted  hypostatic  congestion  of  lungs,  inflammation  of  the  bi*onch],  a  soft  and 
friable  condition  of  the  myocardium,  enlargement  of  the  spleen,  and  sligk 
perisplenitis.  The  small  intestine  near  the  ileo-caeciil  valve  was  injected 
in  patches  and  shewed  someAvhat  raised  areas,  not  always  correspondiif 
to  Peyer's  patches ;  the  mesenteric  glands  were  a  little  swollen,  and  tk 
peritoneum  was  injected.    Both  the  patients  had,  however,  been  drunkanl& 

The  incubation  varies  from  four  to  seven  days.  One  attack  doei 
not  confer  immunity,  for  several  attacks  have  been  obser\'ed  in  the  sane 
person. 

Symptoms. — The  fever  has  a  fairly  sudden  onset,  and  is  ushered  ii 
with  rigors,   headache,   chiefly  in    the  temples  and  forehead,  anorexia 
general  malaise,  and  debility.     On  the  first  or  second  day  the  patient 
complains  of  pain  in  the  lymphatic  glands  of  the  inguinal,  cervical,  or 
axillary  region  ;  and  on  examination  a  small,  round,  dry,  blackish  scab  oo 
be  found  near  the  genitals,  or  on  the  skin  of  the  hypochondria,  neck,  or 
armpit.     This  scab,  which  appears  to  be  present  in  every  case,  is  frw 
2  to  4  mnL  in  diameter,  hard  to  the  touch,  and  at  first  tightly  adhereat 
The  skin  around  the  scab  is  soft  and  dull  red  in  colour,  but  not  painfol 
or  ten<ler,  though  there  is  sometimes  a  little  tenderness  on  pressure  aloog 
the  lymphatics  leading  from  the  scab  to  the  neighboiuring  glands.    1^ 
glands  aflected  are  enlarged,  freely  movable,  and  tender  on  pressure,  ud 
do  not  suppurate.     The   inflammation   is   not   confined  to  the  ghndi 
nearest  the  sc^ib,  but  in  a  milder  degree  affects  other  superficial  ghodi' 

The  temperature  during  the  first  few  days  varies  between  101' iJ 
103^  F.,  conjunctivitis  is  generally  present,  and  there  is  a  slight  dij 
cougli.  The  tongue  is  moist  and  slightly  coated,  marked  constipation  i> 
present,  the  urine  is  sciinty  and  often  contains  albumin  (Tanaka).  Ik 
spleen  is  always  slightly  enlarged.  On  the  sixth  or  seventh  day*i>* 
the  fever,  which  is  continued  in  character,  has  reached  104^  or  more,  «■ 
eruption  appears,  first  on  the  face,  spreading  to  the  trunk,  legs,  and  few* 
arms,  though  it  is  said  to  be  less  marked  on  the  thighs  and  upper  in* 
The  eruption  consists  of  large,  irregular,  dark-red  papules,  which  becom 
confluent  on  the  cheeks ;  occasionally  a  few  punctiform  spoti  *• 
seen  on  the  ]>alate.  The  eruption  indicates  the  height  of  the  diseue. 
and,  in  a  characteristic  case,  may  last  from  four  to  seven  days,  thougliffl 
mild  cases  it  may  be  present  for  one  day  only.  The  pulse  is  sddott 
viMV  ciuick.  The  patient  can  answer  questions,  but  there  is  often  slig)* 
deafness  and  delirium  at  night.  He  complains  a  good  deal  of  tendenw* 
in  the  skin  and  muscles,  the  lips  are  dry  and  cnicked  and  bleed  easilT, 
Avliile  tlio  tongue  is  dry,  coated  at  the  tip  and  edges,  and  denuded  ol 
opitlieliiini    in   the   centre.     In  severe    cases    the    epigastrium    and  left 
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>ochon(lrium  are  tender  on  pressure.  During  the  second  week  the 
b  falls  off  and  leaves  in  its  place  a  punched-out  ulcer,  discharging  a 
le  jms.  About  the  end  of  the  second  week,  in  an  ordinary  case,  the 
lent  perspires  freely,  and  the  temperature  sloAvly  returns  to  normal, 
ile  there  is  a  general  improvement  in  all  the  other  symptoms.  The 
»etite  returns,  slight  diarrhoea  occurs,  the  urine  becomes  more  copious, 
I  convalescence  is  now  rapid ;  but  the  ulcer  may  take  some  weeks  to 
1  entirely,  and  the  glands  in  its  immediate  neighbourhood  may 
tinuc  to  be  painful. 

In  mild  cases  there  may  be  no  recognised  constitutional  symptoms  ; 

fever  is  so  trifling  that  the  patient  never  keeps  his  bed,  the  eruption 
ibsent  or  unnoticed,  but  the  circumscribed  necrosis  of  the  skin  and  the 
ndular  inflcimmation  are  always  i)resent.  Such  benign  cases  last  only  a 
3k,  but  the  average  duration  of  a  moderately  severe  attack  is  three  weeks. 

Complications. — ^The  patient's  life  is  endangered  by  the  complications 
icb  may  accompany  or  succeed  a  very  serious  attack,  such  as  parotitis, 
Isena,  coma,  mania,  cardiac  weakness,  and  oedema  of  limgs.  Biilz 
imates  the  mortality  at  15  per  cent,  while  Tanaka  considers  it  may 
aetimes  l)e  as  high  as  70  i>er  cent. 

The  treatment  must  of  course  be  symptomatic.  Scheube,  after  many 
irs'  experience  in  Japan,  points  out  that  the  Japanese  react  to  anti- 
rctics  much  more  easily  than  Europeans. 

F.  M.  Sandwith. 
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By  J.  F.  Payne,  M.D.,  F.R.C.P. 

Bacteriology  and  Specific  Treatment 

By  W.  BuLLocir,  M.D.,  and  Capt.  S.  R.  Douglas,  I.M.S. 

Synonyms. — Oriental  plague,  Buhmic  plague,  Pestis,  PestUentia-.  M 
plague  or  Mahamuirie  (in  India).  The  Black  Death  (fourteenth 
century  in  Europe). 

Definition. — An  acute  infective  febrile  disease,  accompanied  by  ^ 
flammation  of  lymphatic  glands,  caused  by  a  micro-organism,  the  ftd'** 
pestii. 

History  of  the  Plague. — The  first  historical  notice  of  a  disease  0^* 
bubonic  plague  rccoi-ds  its  occurrence  in  Libya  in  the  third  cental^ 
before  Christ,  or  earlier :  but  this  notice  is  only  contained  in  a  fngne^ 
from  the  Avritings  of  a  much  later  physician,  Kufus  of  Ephesos  (abo*** 
100  A.D.),  who  also  speaks  of  its  occurrence  in  his  own  time  in  liby^ 
Egypt,  and  Syria.  Whether  it  was  clearly  known  to  the  classical  Gpbop* 
writers  on  medicine  is  doubtful,  but  Aretaeus  speaks  of  ^oi'^cui^cs  A( 
or  pestilential  buboes.  The  plague  of  Athens  described  by  Thucydides 
apparently  not  this  disease  ;  nor  was  the  destructive  pestilence  in  the 
of  Marcus  Aurelius  alluded  to  by  Galen.  We  meet  with  bubonic  plij*^ 
again,  however,  in  the  great  Plague  of  Justinian,  which  started  h** 
Egy^pt,  542  A. D.,  and  spread  over  a  large  jxirt  of  Europe  ;  it  was  describ*^ 
in  Gaul  as  lu^.$  inguinami.  Epidemics  succeeded  one  another  in  thii»^ 
the  succeeding  century.  At  the  end  of  the  seventh  century  bubonic  pl>i^ 
prevailed  in  Italy  and  is  unmistakably  rcconled  by  Bede  in  Engltt^ 
But  after  that  time  it  is  difficult  to  follow  the  track  of  plague.  Mw^ 
European  pestilences  are  spoken  of  in  medieval  histories,  which  in»y*^ 
may  not  have  been  bubonic  plague,  though  no  sufficiently  clear  rec<^ 
remains. 

In  the  fourteenth  ccTitury  a  new  era  began.  All  previous  Europ*^ 
plagues  could  be  ti-accd  back,  directly  or  remotely,  to  Africa,  and  for  tk^ 
most  part  to  Egypt ;  but  now  a  new  epidemic  invaded  Europe  from  A«* 
by  way  of  the  Crimea  and  the  Black  Sea,  its  origin  being  referred  ^ 
Cathay  or  China.  This  terrible  pestilence,  afterwards  known  as  tktf 
** Death,'*  or  the  "Black  Death,"  appeared  in  Southern  Italy  in  1346-*'-!= 
and  made  its  way  over  the  whole  of  Europe.  It  reached  England  etfjp 
fn  1*U8,  and  for  several,  probably  five  or  six,  years  was  prevalent!^ 
various  parts  of  the  country.  Scotland  and  Ireland  were  affected  in  tfc*-^ 
turn ;  and  no  country  in  Europe  seems  to  have  escaped.  A  secfl*^ 
epidemic  occurred  in  13G1,  and  a  third  in  1368.  The  details  of  ti"* 
great  calamity  have  often  l>een  dwelt  upon  by  historians,  and  cannot  o^ 
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311  here.  It  is  calculated  by  Hecker  that  25,000,000  persons,  one- 
rth  of  the  population  of  Europe,  died  of  this  disease.  Although  it 
been  doubted  whether  this  was  the  true  bubonic  plague,  it  must 
^  be  accepted  that  the  Black  Death  was  that  disease  in  a  peculiarly 
i^ant  form.  The  first  epidemic  was  evidently  one  of  what  is  noAv 
ed  pneumonic  plague. 

The  great  importance  of  this  event  in  epidemic  history  is  that  from 
time  forth,  whether  previously  or  not,  plague  was  established  as  an 
emic  disease  in  England  and  other  parts  of  Europe  ;  though  it  is  quite 
sible  that,  as  Hirsch  and  others  think,  fresh  importations  of  the  virus 
ir\  the  East  took  place  from  time  to  time.  The  successive  epidemics 
i^ritain  through  the  fifteenth,  sixteenth,  and  seventeenth  centuries  are 
Y  recorded  in  Dr.  Creighton's  History  of  Epidemics  in  Britain,  Finally 
y  culminated  in  that  called  the  Great  Plague  of  London  in  1665,  in 
ch  about  70,000  persons  died,  and  which  extended  widely  over  the 
ntry.     Soon  after  that  the  disease  vanished,  never  to  recur  on  British 

till  a  localised  epidemic  occurred  in  1900  at  Glasgow. 

During  these  centuries  most  countries  in  Europe  suffered  from  re- 
ted  epidemics.  It  was  noticed  that  the  epidemic  wave  passed  on  the 
>l€  from  East  to  West,  or  from  the  Mediterranean  countries  north- 
xi ;  this  led  to  the  belief  that  many  European  epidemics  were 
ived  from  more  persistent  foci  of  plague  in  Turkey,  the  Levant,  and 
^pt  Hence  the  system  of  quarantine,  by  sea  and  land,  was  intro- 
©d  to  stem  the  tide  of  infection.  This  belief,  which  is  that  of  many 
iemiologists,  receives  support  from  the  fact  that  the  disease  died  out 
lier  in  Western  than  in  Eastern  Europe.  Holland,  France,  Spain,  and 
^y  became  exempt,  with  one  notable  exception,  a  little  later  than 
?I«nd — about  the  end  of  the  seventeenth  century.  Eastern  Germany 
'©red  somewhat  longer,  while  in  Poland,  Russia,  parts  of  the  Austrian 
pire,  and  the  Danubian  countries,  epidemics  were  repeated  throughout 
eighteenth  century.     There  was  thus  a  general  eastward  recession ; 

chief  exception  to  which  was  the  great  epidemic  of  Southern  France, 
-0-21.  This  was  generally  attributed  to  the  arrival,  in  the  port  of 
'■^Beilles,  of  a  ship  from  Syria  infected  with  plague,  which  then  spread 
-he  populous  and  insalubrious  city.  The  invasion  of  islands  like  Sicily 
^  Halta  in  the  eighteenth  century  Avas  clearly  due  to  the  same  cause, 
Oely,  to  a  contagion  imported  by  sea. 

Ihiring  the  first  half  of  the  nineteenth  century  plague  prevailed  in 
t'lcey,  and  made  occasional  advances  into  the  Danubian  countrie?,  to 

chores  of  the  Adriatic  Sea,  and  to  the  south  of  Kussia.  Being  still 
^Oet  constantly  present  in  Egypt  and  Syria,  it  seemed  to  be  peculiarly 
i^ease  of  the  Eastern  Mediterranean,  and  thus  acquired  the  name  of 
^Hntine  Plague,  which  has  lasted  to  our  day ;  and  the  strictest  pre- 
tjons  were  still  taken  in  all  the  Mediterranean  ports  to  prevent  its 
i^ion. 

t^inally  in  1841  plague  left  Europe  by  its  Eastern  gate,  Constanti- 
^1«;  and  in  1843-45  it  became  extinct  also  in  Syria  and  Egypt,  so  that 
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the  old  Levantine  Plague  seemed  to  have  entirely  vanished.  It  is  clear, 
however,  that  in  Asia  Minor  it  did  not  die  away,  but  only  receded  east- 
ward. At  the  beginning  of  the  nineteenth  century,  the  Caucasus,  accoci 
ing  to  Tholozan,  was  the  centre  from  which  epidemics  radiated ;  but  Id 
the  latter  half  of  the  century  that  centre  was  shifted  to  the  mountains  of 
Kurdistan. 

Good  authorities  still  held  that  the  disease  was  probably  not  extinct; 
and  those  suspicions  were  confirmed  by  accounts  received  at  Constanti- 
nople, in  1853,  of  an  outbreak  in  the  Azir  district  of  Arabia:  this 
outbreak  has  been  followed  by  others  at  intervals  of  some  years ;  the 
last  was  in  1889.  In  1858  the  same  disease  was  heard  of  in  Bengbui, 
where  it  must  have  prevailed  at  least  two  or  three  years  before ;  and 
there  it  appeared  again  in  1874,  and  possibly  again  later.  The  plague 
has  also  recurred  in  the  fonn  of  epidemics  which  were  relics  uf  ibe 
former  ^vide  distribution  of  plague  along  the  whole  northern  coast  of 
Africa,  and  in  the  province  of  Tripoli  so  lately  as  1837. 

The  more  recent  accounts  of  plague  in  the  Kurdistan  district,  on  tk 
frontiers  of  Turkey  and  Persia  and  iMesopotamia,  begin  with  1863;  bat 
this  was  not  the  first  ap|)earance  of  the  disease  in  that  part  of  the  world— 
Baghdad  and  the  neighbourhood  had  suffered  severely  at  the  begiimingof 
that  century,  and,  for  all  we  know  to  the  contrary,  for  centuries  befofe 
that.  The  chief  known  recent  epidemics  of  Persia  and  Kurdistan  were  in 
1863,  in  1870-72,  and  in  1876-77  ;  in  1877  a  terrible  epidemic  occurred 
also  in  the  town  of  Resht  on  the  Caspian,  which  is  an  important  occurrence 
in  relation  to  the  epidemic  of  1878  on  the  Volga.  The  latest  recorded 
appearance  of  plague  in  Persia  was  in  1885  ;  but  it  was  probably  nottbe 
last.  In  Mesopotamia  (Irak-Arabi),  from  1856  onward  for  several  yean 
there  prevailed  what  is  now  known  to  have  been  the  mild  form  of  plagtie. 
In  1867  a  definite  epidemic  was  recoixled ;  in  1873-74  another  extending 
over  a  much  wider  areii ;  and  in  1876-77  one  still  more  extensive,  and 
very  severe.  A  further  outbreak  occurred  in  1880-81,  w^hich  is  said  to 
have  destroyerl  one-iiuarter  or  one-third  of  the  population  ;  and  another 
in  1884. 

Tiie  above  short  record  is  of  interest  as  shewing  how  plague  may 
oxtend  its  area  in  successive  epidemics ;  and  also  as  leading  up  to  tbe 
comparatively  small  epidemic  on  the  Volga  in  1879,  which  caused  » 
much  alarm. 

As  has  been  shewn,  in  the  years  1876  and  1877  the  plague  va« 
very  active.  In  June  1877,  and  also  in  the  two  years  following,* 
febrile  malady  accompanied  ])y  buboes  appeared  in  Astrakhan,  on  the 
northern  shoio  of  the  Caspian,  a  i)lace  in  direct  communication  witk 
Kesht  on  the  Persian  shore,  and  it  extended  to  neighbouring  villager 
Though  it  Avas  of  a  mild  type  and  caused  but  few  de^iths,  it  was  certainly 
the  mild  or  minor  form  of  plague.  In  October  1878  a  similar  but  more 
severe  <^pi(h»raic  broke  out  in  the  Cossack  settlement  of  Vetlanka,  130 
miles  up  the  ^'ol^^a  ;  and  by  December  it  assumed  the  character  of  the 
most   virulent   plague.     The   ei)idemic    lasted   in   this  village  till  24th 
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nuary  1879 ;  but  in  December  it  had  already  spread  to  other  villages, 
which  nearly  every  patient  died.  The  last  death  in  the  district 
Jurred  on  9th  February.  Though  affecting  a  small  population  it  was 
ry  fatal,  causing  382  deaths  in  a  population  of  1700.  The  mortality 
3ts  nearly  90  per  cent  of  the  cases. 

This  is  the  simple  history  of  the  epidemic  which  caused  a  panic 
iroughout  Europe.  It  is  easily  explained  when  we  see  its  filiation  with 
Je  mild  epidemic  of  Astrakhan  and  the  severe  one  of  Resht ;  and  the 
?neral  prevalence  of  plague  in  Persia  in  previous  years.  A  minor  epi- 
niic  in  1877  at  Baku,  on  the  western  shore  of  the  Caspian,  furnishes 
:>ther  link.  Why  the  disease  was  so  mild  in  Astrakhan  and  so  viru- 
t  in  Vetlanka  we  cannot  tell ;  but  a  like  sudden  development  of  the 
ere  out  of  the  mild  form  of  the  disease  is  frequently  observ^ed. 
J^xsiory  of  Plague  in  India. — Plague  has  been  little  known  in  India  since 
English  settlement  and  occupation,  and  the  climate  has  been  thought 
X5  too  hot  for  it:  a  supposition  signally  falsified  by  recent  events, 
ent  historical  research  has  brought  to  light  records  of  epidemics  of 
r^e  in  India  from  the  eleventh  to  the  end  of  the  seventeenth 
-lary.  In  the  seventeenth  century  it  was  particularly  severe.  In 
-S  a  great  epidemic,  which  lasted  for  eight  years,  affected  the  Punjab, 
Ore,  Agra,  and  Mahometan  India  generally.  From  1684  to  1702 
1  707  an  epidemic  ravaged  Bombay,  Surat,  and  a  great  part  of 
3t;ern  India.     Plague  then  disappeared  from  India  (as  it  did  about 

oame  time  from  Western  Europe)  for  more  than  a  century,  but 
>peared  in  the  nineteenth  century  in  three  distinct  centres.  In  1815 
outbreak,  following  a  famine,  occurred  in  Cutch,  Guzerat,  and 
'"tj-war.  The  next  year  it  reappeared,  but  went  away  in  1820.  In 
»G  an  epidemic  which  broke  out  at  Pali  in  Raj pu tana  became  known 
'he  Pali  plague,  but  it  ceased  in  1838.  In  a  different  locality,  the 
i^cts  of  Gurwhal  and  Kumaon  on  the  south-west  of  the  Himalayas, 
iaease  known  locally  as  Mahamurrie  (which  is  undoubtedly  bubonic 
?xie)  has  recurred  several  times  sinc«  1823.  The  last  great  epidemic 
in  1876-77,  but  it  recurred  in  1886,  1888,  1893,  and  1897.  No 
ticxion  can  be  traced  between  the  above-mentioned  localities  of 
=riie,  nor  between  them  and  any  other.  The  outbreak  of  plague 
Bombay  in  1896   is  best  considered  in  connexion   with   plague    in 

na. 

-ffutory  of  Plague  in  China, — The  first  definitely  known  epidemic  of 
^e  in  Yunnan  was  about  1860  ;  but  it  is  believed  to  have  existed  there 
^ast  since  1850,  and  prolmbly  long  before.  There  Wiis  an  epidemic  at 
l>eginning  of  the  nineteenth  century.  It  is  said  to  have  recurred  nearly 
f*y  year  up  to  1893.  In  Pakhoi  it  is  also  frequent,  but  aviis  absent 
^^  1884  to  1893.  The  epidemics  of  Pakhoi  were  derived,  it  is 
k>«ible,  from  Yunnan,  and  it   is  impossible  to  trace  the  derivation  of 

cSisease  from  any  other  district.  From  Pakhoi  it  must  in  some  way 
^  found  its  way  to  Canton,  where   it  broke  out  in  January   1894. 

^Dnie  of  Canton  thinks  it  passed  by  land,  since  in   1891  a  severe 
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ei)itlemic  occurred  in  the  district  of  Kaochao,  lying  to  the  north  of 
Pakhoi ;  and  in  the  spring  of  1894  it  prevailed  in  towns  to  the  soatb 
of  Canton.  From  Canton  to  Hong  Kong  it  was  carried  by  the  busy 
and  continual  traffic  between  the  two  places.  It  spread  also  to  Macaa 
and  other  places  on  the  coast,  but  not,  it  would  seem,  far  inland  in 
China.  The  mortality  of  Canton  in  1894  is  variously  given  from  40,000 
to  100,000. 

The  Modern  Period  of  Plague, — The  extension  of  plague  to  the  great 
seaport  of  Hong  Kong  has  proved  to  be  one  of  the  most  momentoiu 
events  in  the  history  of  the  disease.  The  first  epidemic  in  Hong  Kong 
his  ted  from  May  to  August  1894,  and  caused  a  mortality  of  3000.  \\ 
has  recuiTcd,  with  a  varying  mortality,  every  year  since,  except  1895. 
The  social  conditions,  filthy  habits,  with  excessive  overcrowding  in  smnll, 
dark,  nn ventilated  rooms  generally  situated  over  great  warchousei 
swarming  with  rats,  supplied  a  very  favourable  soil  for  the  disease.  EJol 
the  most  important  point  is  that  the  communication  of  the  port  (as  abo 
that  of  Canton)  by  sea  traffic  with  almost  all  parts  of  the  world  has 
carried  plague  to  seaports  in  India,  Australia,  Japan,  Europe,  Africa,  and 
America,  North  and  South.  This  general  distribution  has  completely 
changed  the  aspect  of  a  map  shewing  the  parts  of  the  world  affected  with 
plague,  which  has  now  become  a  "  pandemic "  and  not  merely  a  local 
epidemic  disease.  Hut  its  filiation  is  cle^irly  traceable  to  the  endemic 
centre  of  Yunnan  in  China. ^ 

It  was  in   Hong   Kong  that  the   Bacillus  j>fs/t5  was   discovered  by 
Kita.sato,  and  later,  but  independently,  by  Yersin  {tnde  p.  365).     Pasang 
over  the  nearer  epidemic  foci  which  were  set  up,  we  come  to  BombajTf 
whore  plague  appeared  early  in  1896.     Bombay,  which  had  been  free  fr«n 
plague  for  nearly  200  years,  has  an  active  trade  with  Hong  Kong,  and  ai 
the  disejtse  first  appe«'ired  near  the  docks  where  the  Chinese  trade  enteral 
and  no  other  source  of  infection  could  be  traced,  it  is  almost  certain  tl«tf 
the  infection  came  from  China.     The  precise  date  and  manner  of  wb- 
veyance  of  infection  could  not  be  traced,  since  the  disease  was,  as  iisial^ 
first  overlooked  ;    but  before  the  outbreak  among  men  was  perceiTeJ^ 
rats  are  known  to  have  been  dying  in  largo  numbers,  so  that  it  is  mort 
probable  that  rats  conveyed  in  ships  were  the  channel  of  infection.    TT^^ 
disease  was  at  first  mild,  and,  as  is  usual  in  such  cases,  the  diagnosis  of 
plague    was    received    with    doubt    or    denial    till,    in    October  1S95^ 
Haffkine's  bacteriological  investigations  left  no  doubt  on   the   natter- 
The  disease  si)read  from  the  dock -quarter  to  other  parts  of  the  dtf- 
Active  preventive  meiisures  were  taken,  but  were  hindered  by  theacti^^ 
resistance  of  the  population.     In  February   1897  the  highest  mortabty 
was    reached.      Nearly   half    the    population    left  the    city    in  a  panic-p 
carrying  the  infection  to  other  parts,  and,  since  then,  plague  has  neve^ 
beo!i  abscTit  from  Bomkiy. 

'  A  map  of  tlie  pn-sent  distribution  of  plaj^ne  is  given  in  Dr.  Simpson's  **Trwtise*^* 
Plajriu*."  Coiiipai alive  ina])s  shcwiug  the  di.strilmtion  before  and  after  1894  were  gi«^  '* 
the  (jutirtt-rli/  Ri'vi'tr,  Oct.  1901. 
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The  terrible  increase  of  plague  throughout  India  may  bo  seen  in  the 
following  table  of  official  statistics,  which  are  probably  less  than  the  actual 
mortality : — 


DEATHS  FROM  PLAGUE  IN 

\  INDIA 

1896-97  (Bombay  Presidency  only)      . 

57,965 

1898  (chiefly  Bombay  Presidency) 

118,103 

1899 

134,102 

1900 

91,627 

1901 

282,496 

1902 

574,493 

1903 

853,573 

1904 

1,040,000 

1905 

945,405  1 

Total  for  ten  years 

4,097,764 

Average  annual  mortality 

409,776 

In  the  earlier  years  Bombay  Presidency  shewed  the  highest  mortality, 
but  in  1904  the  Punjab  took  the  lead  Avith  the  enormous  mortality  of 
350,000  in  a  population  of  less  than  twenty-seven  millions. 

The   infection  gradually   spread   to   other   places    in    the    Bombay 

Presidency  ;  Poona,  near  at  hand,  and  Karachi,  on  the  Persian  Gulf,  were 

infected  in  the  same  year,  and  many  less  important  places,  so  that  by 

June  1897  the  plague  had  obtained  a  wide  diflfusion.     The  details  may 

be  read  in  Dr.  Simpson's  excellent  work,  but  must  be  passed  over  here. 

In  1898  and  1 899  the  epidemic  assumed  larger  proportions  and  caused 

a  much  higher  mortality.     From  the  Bombay  Presidency  the  epidemic 

gradually  spread  over  a  large  part  of  India.     In  Calcutta  there  were  in 

1896  some  imported  cases,  but  no  serious  outbreak  took  place  till  1898. 

Nevertheless,  in  1899,  the  Royal  Commission,  on  leaving  India,  spoke 

•omewhat  hopefully.     Since  that  time,  however,  the  epidemic  has  every 

year  enlarged  its  boundanes,  and  increased  in  its  fatality.     The  Central 

and  North-West  Provinces,  several  native  states,  and  Bengal  have  been 

**verrun.     The  plague  has  extended  far  into  the    Madras  Presidency, 

though  on   the  whole  with  a  much  lower  mortality,  and  the  city  of 

Madras  has,  apart  from  some  imported  cases,  remained  free  ;  as  has  the 

southern  part  of  the  Presidency.     In  1 906  the  mortality  was  much  lower 

than  in  190^).     Thus,  in  the  first  six  months  of  1905  the  deaths  numbered 

^^^6,735;  while  in   1906  the  recorded  mortality  for  the  corresponding 

P^'^od  was  only  234,356  ;  and  the  whole  mortality  for  1906  will  probably 

"®  Jiot  more  than  a  quarter  of  what  it  was  in  the  year  before. 

Leaving  India  we  must  briefly  indicate  the  further  distribution  of 
P'^ie  over  the  world.  In  1898,  for  the  first  time  in  its  previously 
j"*own  history,  plague  reached  the  Southern  Hemisphere  at  the  port  of 
laniatave  in  Madagascar,  possibly  from  Bombay  or  from  Cutch  or  some 

*  Of  which  876,735  occurred  in  the  first  six  months  of  the  year. 


I 


364  SVS  TEM  OF  MEDICINE 

other  i)ort  on  the  Persian  Gulf.  From  Tamatave  cases  were  carried  to 
Lorenzo  Marquez  on  the  African  coast,  but  no  epidemic  resulted,  thougb  in 
the  next  year  plague  prevailed  in  the  adjacent  parts  of  Mozambiqua  In 
1898  or  1899  plague  appeared  at  Port  Louis  in  Mauritius,  where  it  has 
continued  ever  since ;  it  was  thought  to  be  derived  from  Tamatave. 
In  1899  Penang  in  the  Straits  of  Malacca,  and  Manila  in  the  Philippints, 
were  affected.  In  the  Pacific,  Numea  in  New  Caledonia,  and  Honolulu 
in  the  Sandwich  Islands,  received  the  infection.  In  Australia,  Sjdner 
had  a  definite  though  limited  epidemic,  clearly  traced  to  rats  in  the  port, 
but  whether  from  Hong  Kong  or  from  Numea  Avas  uncertain.  There 
was  a  limited  epidemic  in  Queensland,  while  Melbourne,  Adelaide,  Perth, 
and  Auckhuid  received  some  imported  cases,  but  the  epidemic  was  arrested 
Western  Europe,  after  nearly  two  centuries  of  exemption,  witnesseii  a 
seriDus  epidemic  of  plague  at  0[>orto  in  1899,  or  perhaps  originating 
earlier.  The  source  whence  it  wiis  infected  was  not  clear,  but  probably  it 
came  from  India.  Lisbon  suffered  later,  but  less  severely.  So  strange 
are  the  ways  of  plague,  that  from  Oporto  the  Western  Hemisphere 
for  the  first  time  in  history  became  infected.  Plague  was  first  recoguised 
at  Asuncion,  an  inland  port  on  the  river  Plate,  and  it  afterwards  appeared 
at  Santos  in  15razil,  Rosario  on  the  river  Plate,  Buenos  Ayres,  and  Rio  de 
JaTieiro.  In  the  same  yeiir  plague  appeared  in  its  old  home,  Egypt,  *t 
Alexandria,  on  the  highway  between  India  and  Europe.  It  has  more 
than  once  since  reaj)peared  in  Egypt,  but  that  it  has  not  taken  root  in 
that  classic  land  of  plague  must  be  set  down  to  the  excellent  measurei 
taken  by  the  Egyptian  medical  authorities. 

In  North  Amoricii,  San  Francisco  has  more  than  once  been  the  scene 
of  small  epidemics  of  plague,  confined  to  the  Chinese  qimrter  and 
apparently  introduced  from  China.  Some  ports  in  Mexico  are  said  to 
have  been  infected  with  plague,  but  the  evidence  was  not  quite  complete. 
The  disease  has  been  carried  to  New  York  by  shipping,  but  has  not  caused 
any  epidemic. 

In  1900  plague  again  crossed  the  Atlantic,  this  time  from  West  to 
East,  being  brought  by  a  ship  from  Rosario  to  Cape  Town,  where,  in 
spite  of  quarantiiie  precautions,  it  in  voided  the  city  and  spread  also  to  Port 
Elizabeth.  Other  outbreaks  in  South  Africa  were  reported  during  the 
M'ar  and  since,  chiefly  in  tlie  ]>orts,  but  one  outbreak  occurred  »t 
Johannesburg.  The  plague,  however,  does  not  seem  to  have  taken  root 
seriously  in  that  country. 

Recently  plague  has  spread  to  new  regions.  Towards  the  end  of 
1905  it  broke  out  m  Seistan,  a  district  in  the  east  of  Persia,  bo^de^ 
ing  on  Afghaiiist^an,  quite  remote  from  the  older  seats  of  plague  in 
Western  Persia,  bordering  on  Kurdistan.  It  seems  probable  that  thii 
epidemic  was  derived  indirectly  from  India,  but  the  connexion  cannot  be 
]a'eoisely  traced.     A  gi-eat  mortality  among  rats  was  observed. 

A  fresh  recurrence  has  been  observed  during  the  winter  1905-6  in 
the  Russian  province  of  Astrakhan,  on  the  banks  of  the  Volga,  •^ 
Krasnoi  Jar,  close  to  A'etlanka,  the  scene  of  the  fatiil  outbreak  of  l^'^- 
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The  mortality  was  not  large,  but  the  rate  of  case-fatality  was  95  per 
cent.  No  mortality  among  rats  has  been  recorded.  Recent  outbreaks 
in  the  neighbouring  districts  bordering  on  the  Caspian  make  it  probable, 
OS  some  think,  that  there  is  an  endemic  centre  of  plague  in  those  regions. 

Plague  has  continued  to  prevail  in  its  old  seats,  Hong  Kong  and 
Southern  China,  while  epidemics  are  reported  from  Japan,  Formosa,  and 
Mauritius,  but  on  the  whole  with  diminished  mortality.  From  the  South 
American  ports,  as  Rosario  and  Buenos  Ayres,  plague  is  still  reported 
from  time  to  time  ;  and  on  one  occasion  occurred  on  a  steamer  arriving 
from  those  parts  at  Hamburg,  but  did  not  spread  to  the  port. 

The  small  epidemic  at  Glasgow  in  1900  was  the  first  known  in 
Britain  since  the  great  plague  of  London.  It  was  strictly  limited  by 
preventive  measures,  but  affected  about  thirty  persons,  of  whom  eight 
died.  Contrary  to  the  experience  of  almost  all  recent  epidemics  in  sea- 
ports, no  mortality  among  rats  was  observed,  and  the  soiurce  of  infection 
was  not  traced  (r^e  p.  378).  Since  the  gefieral  diffusion  of  plague  by 
sea  tralhc,  cases  have  been  imported  to  several  British  ports — Liverpool, 
King's  Lynn,  Cardiff,  Bristol — and  a  few  have  been  brought  to  London, 
but  it  has  always  been  found  possible  to  prevent  an  epidemic.  In  May 
1906  a  few  cases  occurred  at  Leith,  possibly  due  to  infected  rats. 

In  Australian  and  South  African  ports  plague-infected  rats  have  been 
on  several  occasions  detected,  but  no  human  epidemic  has  resulted. 

On  the  whole,  plague  has  shewn  in  all  parts  of  the  world  diminished 
virulence  and  less  tendency  to  spread. 

J.  F.  P. 

Bacteriology. — The  cause  of  plague  is  the  Bacillus  pestis.      During 
^^e   Hong    Kong   outbreak   in    1894    the   Japanese   Government   sent 
^^tasato  and  Aoyama  to  investigate  the  disease.     Arriving  at  Hong 
^ong  on   12th  June,  Aoyama   made  an  autopsy  on   14th  June,  and 
'^lUtsato  found  numerous  bacilli  in  the  buboes,  heart-blood,  liver,  and 
*pJeen.     Similar  bacilli  were  also  found  in  a  living  case  of  plague  on  the 
^ni.e  day.     On  15th  Juno  cultures  had  developed,  and  with  the  excep- 
5'on    of  pigeons,  all  the  animals  inoculated  by  Kitasato  died  with  signs 
JJf^*>tical  with   those  of   human   bubonic  plague.      Yersin,  sent  by  the 
^'^'^ch  Government,  arrived  in  Hong  Kong  on  15th  June,  and  independ- 
ently discovered  the  same  bacillus,  which  has  since  been  called  Bacillua 
P^^fi^.      In  the  twelve  years  which  have  elapsed  since  the  discovery  of 
^^t-H^ato  and  Yersin  an  immense  literature  on  the  plague  bacillus  has 
*^^Viinulated,  and  it  has  been  identified  all  over  the  world  as  the  cause 
^'    I^lague.     In   the  great   Indian   outbreak  it  was  studied  by  Hankin, 
^"^Ifle,  Haffkine,  and  others;  and  as  the  epidemic  increased  in  magnitude 
^^^^missions  sent  by  various  Europeiin  Governments  proceeded  to  India, 
^^^Iting  especially  in  Bombay.     The  results  of  their  investigations  have 
"f^^  published  in  a  series  of  reports,  of  which  the  most  important  are 
^"•^     splendid   work   of  Albrecht,   Ghon,    and    Miiller    of    the  Austrian 
^^"^mission  (3),  the  report  of  the  German  Commission  (19)  (Gaffky, 
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l*feiffer,  Sticker,*  and  Dieudonne),  the  exhaustive  analysis  of  the  Indiin 
Plague  Commission  (Fraser,  Wright,  and  Ruffer),  and  the  Reporta  on 
Plague  Investigations  in  India  issued  by  the  Advisory  Committee 
appointed  by  the  Secretary  of  State  for  India  (1906)  [77a].  The  Ruaeian 
Commissioners  (Wyssokowitch  and  Zabolotny)  also  contribute<l  manj 
valuable  additions  to  our  knowledge.  Apart  from  India  and  Hoog 
Kong,  the  bacillus  was  studied  in  Formosa  (Ogata  (73)  and  Yamagiwa), 
Alexandria  (Gotschlich  (31)),  Japan  (Kitasato  and  Shiga),  Sydner 
(Thompson  and  Tidswell),  Oporto  (Kossol  (56),  Calmette  (9),  Vagvdei), 
and  in  South  America  (Voges  and  Uiiarte). 

A  number  of  laboratory  studies  have  also  been  completed  in  Europe, 
mostly  in  special  plague  laboratories  by  Nuttall,  Kolle,  Otto,  Martini, 
and  Kossel  in  Beflin  \  by  Markl  in  Vienna  ;  by  Roux  and  Metchnikoff  in 
Paris ;  Lustig  and  Galeotti  in  Florence ;  Abel  and  Nocht  in  Hambuig, 
and  by  Klein,  HcAvlett,  and  Douglas  in  London. 

Protection  of  human  beings  has  also  been  carried  out  on  a  large  scale 
in  India,  chiefly  through  the  efforts  of  Haffkine  with  his  plague  vaccin. 

At  the  present  time  we  possess  a  fairly  complete  knowledge  of  tlie 
pure  bacteriology  of  the  plague  biicillus.  A  great  deal,  however,  still 
requires  to  be  done,  especially  concerning  the  manner  in  which  tJw 
bacilhis  is  transmitted,  and  concerning  the  best  means  for  producing  i 
specific  prophylaxis  and  cure. 

Plagne  belongs  to  the  gi'oup  of  Pasteurelloses  (Ligni^res)  or  tuemor 
rhagic  septicaemias  (Hueppe),  diseases  due  to  microbes  which  are  higWj 
pathogenetic  to  vertebrates.  In  all  cases  these  microbes  invade  the 
blood-stream  acutely,  and  are  found  in  large  numbers  over  the  wbok 
bodv. 

Morphology  of  the  Plmjue  Banllus. — The  plague  bacillus  as  seen  in 
phigue  lesions  (bubo,  blood)  shews  a  considerable  polymorphism.  In 
general,  three  forms  may  be  readily  recognised,  viz.,  short  oval  rods,  long 
rods,  and  large  oval,  pear-shaped  or  round  pale-stained  involution-fomu> 
Of  these  the  predominating  form  is  the  short  oval  rod  measuring  1*5  to 
1  '7  /I  X  -f)  to  '7  ft  (Albrecht  and  Ghon).  The  involution-forms  occur  most 
fiequently  in  artificial  media  and  in  widavers  which  have  been  maintained 
at  relatively  high  temperatures  (30'  C).  The  onset  of  involution  in 
cadavers  has  been  studied  by  Sata,  who  finds  that  from  the  second  d»y 
after  death  the  bacilli  begin  to  alter,  especially  in  the  liver  and  spleen. 
The  alteration  proceeds  up  to  the  fourth  day,  but  after  this  time  the 
plague  bacillus  could  not  be  identified  with  certainty,  as  it  was  overgrown 
l)y  other  microbes.  The  tendency  to  the  formation  of  involutiou-formi 
is  iinportant  from  a  diagnostic  point.  In  pure  cultures  all  the  forms  of 
plague  Ixicilli  mentioned  above  i.ire  also  met  with.  The  occurrence  i 
club-like  swellin«;.s  and  branches  oti  plague  bacilli  has  been  described  if 
Albrecht  and  (^hon,  Kolle  (52),  and  Skschivan  (87). 

Sftrinituf. — The  plagues  bacillus  exhibits  in  a  high  degree  the  pheoo* 
nuMion  of  polar  staining,  the  micio-organism  appearing  stained  at  the  end*, 
but  not  at  all  or  only  slightly  so  in  the  middle.     This  can  be  well  seen  in 
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ilms  stained  by  Romanowsky's  method,  or  by  first  tre^itiiig  the  film  with 
lilute  acetic  acid  followed  by  dilute  carbol-fuchsin.    Kosscl  and  Overbeck 
*ecoinmend  fixing  the  films  in  absolute  alcohol  which  is  then  evaporated 
>fr.      Although  a  striking  feature  of  the  plague  bacillus,  {>olar  staining  is 
by  no  means  peculiar  to  it,  as  other  Pasteurellse  closely  allied  to  the  plague 
bacillus  may  shew  the  same  phenomenon.    It  is  often  difficult  to  stain  the 
plague  bacillus   well  in  sections.     Sublimate  or  alcohol   are    the  best 
fixatives  for  plague  tissues,  the  most  suitable  stains  being  carbol-thionin, 
or  polychrome  methylene  blue  with  glycerin-ether  treatment.     The  Unna- 
Pappenheim  methylgreen-pyronin  mixture  gives  very  instructive  pictures, 
the  bacilli  standing  out  of  a  brilliant  pink  colour.     Although  Kitasato 
described  the  plague  bacillus  as  retaining  to  a  certain  extent  the  stain  in 
Gram's  process,  other  observers  have  all  found  it  to  be  Gram  negative. 
Contrary  to  the  opinion  of  Kitasato  and  Gordon  the  plague  bacillus  is  non- 
motile.     Endospores  have  not  been  observed,  and  from  the  experiments 
made  on  the  resistance  of  the  bacillus  to  injurious  influences,  it  is  improb- 
able that  they  are  formed.     In  their  earliest  descriptions  both  Kitasato 
and  Yersin  described  the  occurrence  of  a  capsule  surrounding  the  plague 
Willus.     It  can  easily  be  seen  in  cultures  and  even  in  bubonic  pus  by 
Eomanowsky's  method  or  any  of  its  modifications. 

Cultures. — Growths  of  plague  bacilli  can  be  obtained  between  wide 
mnges  of  temperatures,  viz.  4"^  to  43°  C.  Unlike  most  pathogenetic 
bacteria  the  optimum  temperature  for  growth  is  about  30°  C,  a  higher 
temperature  being  very  apt  to  produce  attenuation  in  the  virulence. 
Although  it  can  grow  to  a  certain  extent  under  anaerobic  conditions, 
aerobic  are  much  more  favourable.  On  the  sui-face  of  an  agar  plate  at 
50"  C.  colonies  of  plague  bacilli  are  visible  under  a  low  magnification  as 
wnall  drops,  like  dew,  at  the  end  of  twenty-four  hours.  In  forty-eight 
boura  they  have  a  whitish-grey  colour  with  transmitted  light.  The  centre 
»  usually  granular,  and  in  characteristic  colonies  there  is  a  broad  irregular 
<w  crenated  edge.  It  has  been  repeatedly  noted  that  atypical  colonies 
<rf  a  yellowish-grey  colour  and  with  a  regular  edge  make  their  appearance. 
The  times  at  which  the  colonics  appear  on  the  plate  are  also  different, 
wme  being  delayed  as  late  as  forty-eight  hours.  Streaked  on  agar  a  fine 
P^jish- white  mass  of  somewhat  slimy  consistence  develops  in  twenty - 
four  to  forty-eight  hours. 

Salt  Agar. — On  adding  2*5  to  3'iy  per  cent  of  sodium  chloride  to 
ordinary  agar,  Hankin  and  Leumann  found  that  there  was  a  very  rajiid 
development  of  involution-forms,  the  staining  properties  of  which  are 
dually  very  poor.  The  value  of  these  forms,  from  a  diagnostic  stand- 
P^'nt,  is  considerable,  as  they  occur  quicker  and  with  grwiter  certainty 
^  the  case  of  Bacilltbs  pedis  than  in  the  case  of  other  bacteria  which 
,  ^y  otherwise  closely  resemble  the  plague  bacillus.  (Skschivan  (87), 
^nfeld,  Matzuschita.) 

On  the  surface  of  gelatin  plates,  cultivated  at  20'  to  25^"  C,  colonies  of 

:     ^^lus  pestis  become  visible  to  the  naked  eye  in  two  to  three  days.     At 

^^t  transparent,  they  soon  become  greyish  with  a  raised  granular  centre 
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and  a  filmy  crenated  fiat  margin.     The  structure  of  such  colonies  can  be 
very  clearly  made  out  in  contact  preparations.     As  in  the  case  of  a^, 
the  individual  colonies  differ  from  each  other  in  their  rate  of  growth,  and 
also  to  a  certiiin  extent  in  appearance.    Thus,  Dr.  Klein  (48)  has  descnlied 
atypiciil  colonies  which  were  not  unlike  growths  of  B,  coliy  and  were 
composed  of  the  short  oval  rod  form  of  the  hacillus,  whereas  in  the 
**  typical  "  colonies  the  l)acilli  are  usually  larger.    In  a  gelatin  stab-cultun 
a  threjid-liko  growth  appears  in  the  track  of  the  needle  with  a  suriace 
growth  similar  to  that  seen  on  a  gelatin  plate.     The  gelatin  is  nerer 
li((uefied. 

The  growth  on  i)eptone  bouillon  has  been  described  as  characteristie. 
At  first,  a  general  cloudiness  makes  its  appearance,  then  a  deponl 
Round  the  edge  of  the  vessel  a  whitish  ring  of  growth  ensues,  and  thii 
finally  spi'cads  over  the  surface  as  a  fine  membrane.  As  Haffkine 
shewed,  a  layer  of  oil  or  ghee  favours  the  surface  growth,  the  Kadlfi 
hanging  down  from  the  oil -drops  in  the  form  of  stalactites.  Thii 
stalactite  formation  is  not,  however,  peculiar  to  BaciUus  pesiis.  In  old 
bouillon  cultures  the  medium  ap})ears  clear  above  and  shews  a  grsDuhr 
deposit  below.  After  three  to  four  days  the  growth  in  bouillon  oftea 
seems  to  stop,  to  reappear  again  and  to  go  on  for  weeks.  Indol  is  not 
produced. 

In  general  the  cultural  diagnosis  of  the  plague  bacillus  rests  on  tbe 
appearance  of  the  surface  colonies  on  gelatin  at  20''  to  25^  C,  and  on  agtf 
at  30  C,  the  former  being  especially  useful  when  the  plague  nuteriil 
is  contaniinate<l  with  other  bacteria  as  occurs  in  faeces,  sputiun,  etc, 

Jlfality  of  the  Phyjue  Bacillus  outside  the  BtKly, — ^A  very  large  numbff 
of  experiments  have  been  made  to  determine  the  degree  of  resistinee 
which  the  plague  bacillus  manifests  outside  the  living  body.  In  genenl 
the  resistance  is  slight.  Pure  cultures  kept  in  the  dark  and  prevented 
from  ilrying  can  live  for  months  or  even  years  (X.  K.  Schultz  (84)) ; » 
great  deal  depends,  however,  on  the  temperature  at  which  the  expen- 
nients  have  been  carried  out.  Thus  when  kept  at  37^  C,  Gladinfoand 
cultures  alive  up  to  two  to  three  months,  wherejis  at  15"  C.  living  bwffl* 
were  still  found  for  260  days.  Difference  of  opinion  prevails  as  to  ho^ 
long  the  bacillus  can  exist  in  the  presence  of  other  bacteria.  Tb» 
( Jcrrnan  Plague  Commission  saw  plague  bacilli  growing  freely  in  culture* 
along  with  />.  roll,  whereas  the  Indian  Plague  Commission  found  in 
such  experiments  that  the  plague  l)iicillus  quickly  died  out  11* 
(icrnian  Plague  Commission  recovered  living  phigue  bacilli  from  a  splw^ 
which  had  been  putrid  for  four  days.  From  the  putiid  cadavers  of  plip'f 
rats,  Otto  (7G)  was  able  to  demonstrate  the  plague  bacillus  (bv  ifr 
oculating  guinea-pigs)  up  to  sixty-one  days,  provided  that  the  cadavers  baJ 
Ix'cn  kept  at  a  low  temperature  (yV  C).  In  bubonic  pus  Albrecht  and 
(Ihon  found  that  the  bacillus  could  survive  for  twenty  days.  With  eten* 
lis(Hl  firces  inoculated  with  plague  bacilli,  growths  were  obtained  up  toih* 
fourth  (lay  ((Jernian  Pl.aguc  Commission).  In  fresh  water  the  bacillus  haj^ 
been  found  to  exist  as  long  as  twenty  days  (Wilm,  Abel  (1)),    Wurt2an»" 


PLAGUE  369 

>arges  recovered  plague  bacilli  in  a  virulent  condition  from  sea-water 
ber  forty-seven  days. 

In  previously  sterile  earth,  in  which  the  organic  matter  had  been 
stroyed  by  heat,  Gladin  found  the  bacillus  for  two  weeks,  whereas  if 
e  organic  matter  were  present  it  could  live  for  three  months.  Even  in 
n-st«riHsed  earth  Gladin  was  occasionally  successful  in  getting  cultures 
lAte  as  two  months.  Marsh  found  that  the  plague  bacillus  could  live 
•  montlis  in  sterile  cow-dung.  The  Advisory  Committee  on  Plague  in 
dia  (1906)  made  a  number  of  experiments  on  the  infectivity  of  floors 
ossly  contaminated  with  cultures  of  B,  pestis.  Throughout  India  there 
3  two  common  forms  of  floors,  the  one  consisting  of  ordinary  cow-dung 
istered,  when  moist,  on  the  top  of  beaten  earth,  the  other  consisting  of 
mixture  of  lime  and  sand,  and  commonly  called  "  chunam."  On  cow- 
mg  floors  it  was  found  that  plague  bacilli  remain  infective  for  forty- 
jbt  hours,  as  tested  by  inoculating  scrapings  into  rodents.  If  the  latter 
are  permitted  to  run  free  on  such  floors  infection  was  not  observed  later 
lan  twenty -four  hours.  In  the  case  of  grossly  infected  floors  of 
chunam"  the  destruction  of  the  plague  bacillus  took  place  within 
wenty-four  hours. 

In  buried  l3odies  plague  bacilli  have  been  recovered  at  periods  varying 
rom  three  (Gotschlich)  to  thirty  (Yokote)  days.  Sata  and  Klein  (47a) 
fere  able  to  recover  the  bacilli  from  the  bodies  of  guinea-pigs  that  had 
Deen  buried  for  sixteen  and  seventeen  days  respectively.  Zlatagoroff*  (113) 
Icmnd,  however,  that  if  cadavers  were  kept  at  0°  C,  living  plague  bacilli 
could  be  grown  even  after  109  days. 

Rtsiiif<inc^  to  Drying. — Bubonic  pus  dried  on  a  cover-glass  at  28*^  to  30"^  C. 
TW«  sterile  after  four  days  (Kitasato).  In  numerous  experiments  carried 
out  by  the  German  Plague  Commission,  plague  material  being  dried  on 
*ool,  silk,  linen,  glass,  wood,  etc.,  the  latest  period  at  which  the  plague 
Ucilliis  was  found  alive  was  six  days.  Drying  in  an  exsiccator  over 
wlphuric  acid  at  29""  to  SI""  C.  is  rapidly  fatal  to  plague  bacilli  (Wilm,  Abel 
(1),  de  Giaxa  and  Gosio,  Gladin),  but  much  depends  on  the  temperature 
»t  which  the  experiments  are  carried  out  In  dust  the  bacillus  appears 
to  die  out  rapidly,  Germanno  finding  that  bacilli  dried  to  a  fine  dust 
kad  Wn  killed.  This  suggests  that  transference  of  plague  by  currents 
<rf  air,  except  at  very  short  ranges,  is  improbable.  In  grain  and  meal 
the  plague  bacillus  died  out  within  thirteen  days  (Hankin). 

Exposure  to  light  causes  rapid  sterilisation  of  plague  cultures  or 
other  infected  material.  From  bubonic  pus  dried  on  cover-glasses  and 
exposed  to  light,  Kitasato  was  unable  to  obtain  living  cultures  after  three 
to  four  hours. 

Iff:(it.-~Dry  heat  at  100"  C.  kills  plague  bacilli  in  one  hour  (Abel  (1)), 

•t  140  Q^  in  three  minutes,  and  at  160°  C.  in  one  minute  (Gladin).   Experi- 

vienta  which  have  been  made  on  the  action  of  moist  heat  have  yielded  some- 

^^t  divergent  results,  no  doubt  because  the  individual  bacilli  possess 

rring  degrees  of  resistance.    At  temperatures  of  55°  to  70""  C.  the  German 

^^  Commission  obtained  sterilisation   of   cultures   in   ten   minutes. 

^'^^  II.— PT.  II  2  b 
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Albrecht  and  Ghon  and  Gotschlich  found  that  even  after  being  heated 
to  5 0^^-60^  C.  for  one  hour  cultures  might  still  be  infective  for  animal^ 
although  the  media  inoculated  from  such  cultures  remained  sterik 
(lotschlich  heated  agar  emulsions  to  68''  C.  for  twenty  minutes,  and  ihtt 
kept  them  at  65"*  C.  for  sixty  minutes,  and  found  that  although  they  weiv 
apparently  sterile  they  were  still  infective.  Kolle,  however,  maintaiiH 
that  if  the  culture  mass  ])e  frequently  shaken  during  the  jiroce^s  of 
heating,  a  temperature  of  Go*"  C.  renders  it  both  sterile  and  iion-infecdve. 
Dr.  Klein  (47)  also  regards  a  temperature  of  GS""  C.  as  effective. 

Exposure  to  cold  h;is  very  little  effect  on  the  plague  bacillus,  as  it  an 
survive  at  a  temperature  varying  from  0''  C.  to  -  20"*  C  for  as  long  asfortj 
(lays  (Wladimiroff  and  Kressling).  Kasansky  even  found  it  alive  in  5J 
Tiionths  at  a  temperature  of-  31'  C. ;  Gladin  froze  and  thawed  ciiJiurw 
daily,  and  the  bacillus  wiis  still  alive  after  forty  days  of  such  twitr 
mcnt. 

Ji^^aistaiu'e  to  Chemiail  Disinfectants, — Cultures  of  the  plague  badlha 
are  easily  destroyed  by  chemical  antiseptics ;  thus,  perchlonde  of  mercniy 
(1  per  cent)  destroys  the  vitality  at  once,  1  i)er  cent  car]K)lic  acid  or  I 
per  cent  lysol  in  ten  minutes,  1  per  cent  chloride  of  lime  in  five  minuUSy 
sulphuric  acid  1  in  2000  also  in  a  few  minutes.  No  extensive  serie» 
of  experiments  have  been  c«arried  out  on  the  chemical  disinfectiun  o^ 
plague  bacilli  under  natural  conditions  in  houses,  soil,  clothes,  etc. 

Pufhof/ffiifftic  Action. — The  plague  bacillus  exerts  a  pathogenetic  artioi» 
on  a  large  num])er  of  animals.     Prominent  among  these  in  jwint  (^ 
susceptibility  are  rats,  guincii-pigs,  mice,  and  monkeys,  which  succuml^ 
with   septicamiia  in  a  few  days  after   the  inoculation  of  ver}'  minute 
quantities  of  phigue  mateiial.     In  other  c;ises,  as  in  the  horse,  dog,  cit^ 
she(^p,  c«attle,  goiits,  and  pigs,  inoculation  is  followed  by  a  rise  of  tenipen^ 
ture  and  the  foi-mation   of  a  local  lesion,  ending  mostly  in  recoveiT. 
Unless  inoculated  with  enormous  doses  of  highly  virulent  cultures  *ll 
birds  shew  a  very  high  degree  of  immunity.     In  discussing  the  patho- 
genetic effects  in  animals,  most  stress  must  be  laid  on  plague  in  rats,  a* 
there  is  a  close  connexion  between  plague  in  these  rodents  and  outbreab 
in  man. 

Ej'penm4>ntal  PliKjue  in  R(its.--A\[  varieties  of  rats  can  be  infertd 
^vith  the  grciitest  ease  through  almost  any  channel.  After  subcutaneons 
inoculation  of  a  minute  quantity  of  a  vinilent  plague  culture  the  aninal* 
manifest  definite  symptoms  of  illness  wnthin  thirty-six  houi*s ;  the  bair  ^ 
ruffled,  the  breathing  rapid,  and  a  peculiar  nervousness  or  apprehension 
is  usually  a  striking  symptom.  The  tempeniture  is  raised  and  the  cob- 
iunctivai  suffused.  At  the  site  of  the  inoculation  there  is  usually  adefiniw 
swelling  which  increases  up  to  the  time  of  death,  which  in  acute  case* 
supervenes  about  the  third  day.  The  characteristic  lesions  seen  aft*'' 
death  are  the  enlargement  of  the  regional  lymph-glands  which  are  iff^ 
red,  while  the  surrounding  connective  tissue  is  (vdematous  and  fre<iuently 
haimorrhagic.  The  spleen  is  much  enlarged,  dark  and  firm,  and  geneiaBir 
presents  a  pcculitir  dry  surface  on  section.     The  lungs  are  more  or  1** 


cun^«le(i  and  occasionally  shew  petechiie.  Enlnrgement  of  the  mesenteric 
\  gluiidsia  constant  and  the  intestine  is  hyperseraic.  In  the  blood-atained 
mnciia  fonnd  iu  tt«  lumen  pliigue  bacilli  can  be  demonstrated  as  ju  all 
oilior  parts  of  the  body.  They  are,  however,  in  greatest  nnmber§  in 
J  till.'  gpleen  and  buboes.  In  some  cases  deatli  may  be  delayed  till  the 
I  iifih  to  seventh  day ;  in  these  cases  necrosis  of  the  buboes  has  set  in. 
I  When  the  cultures  are  very  toxigenetic  the  post-mortem  appearances  o( 
I  plagufl  may  be  masked  and  the  bacilli  not  so  uniformly  distributed. 

Cahtiitmis  /ndiif/dftfWL^ Peculiar  interest  attaches  to  the  effect  of 
4>plying  pla^e  cultures  supcrticiaily  to  shaved  areas  of  skiri.  The 
^ '  e  of  this  method  was  first  noted  by  Albrechl  and  Ghon  in  the  ease 
K  guinea-pigs.  KoUe  had  ouly  partial  success,  however,  in  the  case  of  rats. 
In  Ciiptain  Douglas's  hands  this  was  found  to  be  a  very  eifective  method 
of  producing  a  fatal  peat  septictemia,  for  out  of  167  experiments  on  rats 
'I'lly  S  j)er  cent  survived.  Technically  this  method  of  iiLoculatiou  is  best 
cwTied  out  by  placing  the  rat  in  a  holder  and  shaving  a  strip  in  the 
nu<l<lle  line  between  the  teats.  A  glass  rod  dipped  in  an  emulsion  of 
{■labile  bacilli  is  then  applied  to  the  shaved  area  over  an  ext«nt  of  one 
"I'larc  centimetre.  At  the  time  of  death,  which  usually  occiu^  on  the 
^*conil  to  fourth  day,  the  local  lesion  in  the  shaved  area  consisls  of  three 
t^>  six  small  vesicles  with  a  slightly  raised  and  inflamed  base.  The  fluid 
of  tbe  vesicles  contains  an  enormous  number  of  plague  bacilli  and  a  few 
Jwjenorated  leucocytes.  Where  the  skin  has  been  less  carefully  shaved 
'lie  whole  area  over  which  the  culture  was  spread  may  be  thickened, 
■^"leneil,  and  rough,  but  without  vesicular  formation.  Buboes  are 
F''^ent  in  all  cases,  even  when  the  animal  succumbs  as  early  as  the 
**™nd  day.  The  buboes,  mostly  axillary  in  position,  vary  in  size  but 
iTi;  iilways  teeming  with  plague  bacilli.  Suppuration  of  the  buboes  may 
"TCiu-  in  cases  that  recover  or  do  not  die  tUl  the  scveTith  to  tenth  day. 
bcti  u  culture  of  plague  bacilli  has  been  applied  to  the  skin  of  immunised 
f^te  tije  local  lesion  may  be  entirely  absent ;  at  other  times  a  large  ulcer 
""'olving  the  whole  thickness  of  the  skin  results.  Occasionally  the 
T^**!  change  is  in  the  form  of  a  carbuncle-like  swelling  in  which  the 
I  M  is  undermined  by  pus  which  escapes  through  a  number  of  openings. 
"* '^peritoneal  inoculation  of  very  minute  quantities  of  cultures 
"f^Uces  a  rapidly  fatal  septicemia,  bi  some  cases  death  seems  to  take 
•"^^  mainly  from  intoxication,  the  bacilli  being  found  chiefly  in  the 
'^'^toneum  over  the  liver  and  spleen. 

^n/tfJion  I'll  the  Monlk — When  rats  are  fed  on  plague  cultures  or  on 

''l^SUe  cadavers,  the  bacilli  Ijeconio  localised  in  the  submaxillary  lymphatic 

^^'»'la  and  give  rise  to  buboes  in  this  site.     Later,  the  animals  fall  victims 

*  pli^ue  sepsis.     Kolle  saw  submaxillarj'  buboes  in  forty  out  of  sixty 

**  infected  per  us.     In  four  other  cases  the  result  was  a  primary  pest 

'j^^Mnionia,  and  in  two  cases  only  the  development  of  mesent-erii;  buboes 

?^<^«r«d  that  the  bacilli  had  passed  through  the  intestinal  wall.     Captain 

"^Uglag  was  not   so  successful    in   experiments    of    this    kind,      Under 

"^'Ural  conditions  rats  frequently  infect  themselves  by  gnawing  the  pest 
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cadiivera  of  other  mU,  the  bacilli  gaiuing  entrance  tlirough  small  abniim 
in  the  nose  imd  mouth  and  leading  to  buboes  about  the  jaws. 

In  the  intestine  necrotic  changes  may  be  found  in  Peyei^s  patdKL 
In  half  of  Kolle's  ciues  bacilli  were  also  found  in  large  numbers  in  tk 
blood  atid  organs.  The  feces  of  rats  infected  by  the  mouth  may  contun 
virulent  plague  bacilli  (German  Plague  Commission), 

The  German  Commission  were  the  first  to  shew  that  the  juocnlttiDn 
of  plague  cultures  on  the  unbroken  uasal  or  conjunctival  mnooni 
membrane  leads  almost  invariably  to  a,  fatal  issue  in  about  three  dafi 
with  cervical  bubo  and  enlargement  of  the  spleen.  Baisaroff  suud 
that  a  primary  pest  pneumonia  frequently  ensues  after  cultures  have  been 
inserted  into  the  nose,  but  Bandi  proved  that  in  such  cases  the  pneiunonii 
is  really  secondary  to  the  cerWcal  bubo.  The  development  of  buboes  ia 
the  neck  after  conjunctival  inoculation  is  probably  the  result  of  tb* 
bacilli  passing  down  the  nasal  duct  into  the  lymphatic  appanlut  of 
the  throat. 

Pla'jHt  Pn^uimnia  in  Unii. — Mai-tini  produced  primary  peat  [memiUHUi 
in  rats  in  thirty-two  out  of  thirty-six.  experiments  by  causing  ihem 
to  inhale  plague  cultures  atomised  into  a  spray.  The  lesions  in  tbc 
lungs  were  sometimes  lobular,  sometimes  lobar ;  pleurisy  was  freqiKDL 
Martini  thought  that  the  virulence  of  the  cultures  was  exalt«d  by  paaaa^ 
from  lung  to  lung,  and  that  when  these  exalt«d  bacilli  were  inoculatal 
intraperitoneally  or  subcutaueously  they  had  a  great  tendency  U 
become  localised  in  the  lung. 

Chronic  Rat  Playue. — Kolle  and  Martini  have  drawn  attention  to  ibe 
occurrence  of  a  chronic  foiin  of  rat  plague  manifesting  itself  in  enc^isuled 
foci  with  caseous  contents  in  the  submaxillajy  and  bronchial  glands,  snd 
associated  with  induration  of  the  lungs.  Chronic  rat  plague  has  also  been 
investigated  by  Captain  Douglas,  who  found  the  bacilli  localised  in  leoioiu 
of  the  lungs,  spleen,  and  glands.  In  104  partially  immunitid 
rats  dying  before  the  eleventh  day  after  inociUatioo  with  virultfot 
plague  material,  a  lesion  was  found  in  the  lungs  and  usually  osaociaud 
with  jileurisy.  In  a  few  cases  dying  late  (eighth  to  tenth  day)  « 
surviving  after  the  eleventh  day,  Douglas  found  numerous  sh»rpl; 
circumBci-ibcd  small  nodules  of  whitish  colour  in  the  spleen.  Tbc 
nodules,    which    often   numbered    several    hundreds,  were    exactly   like 

Lthe  lesions  of  chronic  plague  or  pseudo-tuberculosis  seen  in  guinea-pigs. 
The  spleen  for  the  most  part  was  much  enlarged  by  the  presence  of  tlw 
nodules,  which  contained  large  tsumbers  of  plague  bacilli,  especially  in  the 
centre.  Chronic  plague  lesions  were  also  met  with  in  the  liver  and  thymol 
glands,  although  the  animals  were  apparently  in  good  health.  In  diroiuc 
pulmunarj'  or  splenic  plague  emaciation  is  a  common  symptom.  Ik  two 
cases  in  which  the  bacilli,  isolated  from  chronic  lesions,  were  tested.  Uier 
were  found  to  be  attenuated.  In  Kolle's  experiments,  however,  it  is  to 
be  noted  that  the  Imcilli  were  virulent. 
ErjicHuirnlul  Plmjue  in  (riiitiea -pigs. — Like  the  rat,  the  guinoa-M 
exhibits  an  extreme  susceptibility  to  the  plague  bacillus,  fatal  '  '    " 
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ensuing  after  cutaneous,  subcutaneous,  intraperitoneal,  intranasal,  and 
conjunctival  inoculation,  or  from  inhalation,  or  ingestion  of  plague 
cultures.  The  symptoms  and  signs  of  experimental  plague  in  guinea-pigs 
are  identical  with  those  described  in  the  case  of  the  rat.  Chronic  plague 
in  the  guinea-pig,  with  the  production  of  large  granulomatous  masses 
in  the  liver,  peritoneum,  and  spleen,  was  first  noted  by  Albrecht  and  Ghon. 
Mice  appear  to  be  less  susceptible  to  plague  than  either  rats  or  guinea- 
pigs,  although  virulent  cultures  usually  induce  a  fatal  septicaemia  in  three 
to  five  days.     Infection  ^  os  often  yields  negative  results. 

Unless  virulent  ciiltures  are  employed,  rabbits  often  escape  on  account 
of  a  considerable  degree  of  insusceptibility  which  they  possess.  Mungooses 
{Herpestes)y  squin*els  (Sciurus)  (German  Plague  Commission),  bats 
{Vesperugo  (Grosio)),  jerboas,  and  sisels  (Tartakowsky)  are  highly  suscep- 
tible to  plague.  Skschivan  inoculated  a  tarbagan  {Arciofnys  bobac) 
subcutaneously,  and  produced  a  general  pest  sepsis  with  hsemorrhagic 
pneumonia,  without  local  lesion  or  bubo.  As  was  first  shewn  by 
Wyssokowitch  and  Zabolotny  in  Bombay,  monkeys  are  highly  susceptible 
to  plague  virus,  a  prick  in  the  finger  with  a  needle  dipped  in  a  culture 
leading  to  pest  sepsis  and  death.  Similar  results  were  obtained  by 
Albrecht  and  Ghon  and  by  the  German  Commission.  Semmtpitheais 
eniellus  was  found  to  be  much  more  susceptible  than  the  brown  monkey 
of  India  (Macacus  radiatus).  Captain  Douglas  produced  fatal  sepsis 
in  monkeys  from  conjunctival,  nasal,  and  vaginal  inoculation  of  minute 
quantities  of  plague  cultures.  Intratracheal  inoculation  gave  rise  to 
primary  plague  pneumonia.  After  ligation  of  the  femoral  or  brachial 
veins,  injection  of  plague  ciiltures  into  the  corresponding  limbs  caused 
typical  buboes,  sepsis,  and  death  in  a  few  days. 

Dogs,  jackals,  and  hyaenas  are  mostly  insusceptible,  even  after  sub- 
cutaneous inoculation  (Albrecht  and  Ghon).  Plague  bacilli  may  be  passed 
per  rectum  after  ingestion  of  plague-infected  material.  Ogata  was  able  to 
infect  cats,  but  the  details  of  his  experiments  are  not  known.  In  the 
hands  of  the  German  Commission  subcutaneous  inoculation  of  cultures 
caused  fever  and  local  reaction,  ending  ultimately  in  recovery.  Wilm, 
Kolle,  and  Hunter  saw  cervical  buboes  in  cats  fed  on  plague  material.  In 
four  animals  treated  in  this  way  Kolle  had  two  positive  results,  one  dying 
from  pest  sepsis  with  cervical  bubo,  the  other  recovering  after  a  severe 
illness  with  great  emaciation. 

Pigs, — Wilm  in  Hong-Kong  observed  a  rise  of  temperature  and  local 

CBdema  after  subcutaneous  inoculation  in  the  flank.     Dr.  Lowson  fed  swine 

with  large  quantities  of  plague  spleens,  but  they  recovered.     The  German 

and  Austrian  Commissions,  and  also  di  Mattei,  had  similar  negative  results. 

Horses  usually  react  with  local  lesion  and  fever  (Yersin,  Calraette,  and 

^rrel),  and  the  same  applies  to  cattle,  sheep,  and  goats.     Hedgehogs  are 

iramune  (Nuttall),  as  are  pigeons,  fowls,  ducks,  singing-birds  (Albrecht 

JJ"^  Ghon,  London),  lizards,  serpents,  salamanders,  and  frogs  (Nuttall). 

*^vell  states  that  he  had  positive  results  with  liana  teitiporaria, 

^^hviour  of  Plague  Bacilli  in  the  Bodies  of  Insects. — A  very  extensive 
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Jiterature  exists  on  the  part  played  by  insects  in  the  dissemination  of 
plague ;  the  animals  specially  studied  in  this  connexion  being  flies, 
bugs,  mosquitoes,  pediculi,  ants,  cockroaches,  and  fleas.  Considerable 
differences  might  be  expected  according  as  the  insects  are  suctorial 
or  not,  or  according  as  those  which  infest  animals  such  as  rati 
are  capable  of  transferring  themselves  to  the  body  of  man.  In 
non- suctorial  insects  the  plague  bacillus  may  exist  on  the  surface  of 
the  body,  and  may  in  this  way  be  transferred  to  articles  of  diet, 
clothing,  and  so  forth.  Extreme  interest  also  attaches  to  the  question  of 
the  fate  of  the  plague  bacillus  in  the  alimentary  canal  of  the  insects,  and 
especially  whether  it  is  capable  of  multiplying  in  this  site  or  undergoing 
changes  in  virulence  either  in  the  direction  of  exaltation  or  attenuation. 

Flics. — In  at  least  one  instance  Yersin  found  plague   bacilli  in  the 
bodies  of  dciid  flics  in  the  laboratory  at  Hong-Kong ;   Dr.  Nuttall  also 
succeeded  in  infecting  Musca  doinesticn^  and  he  considered  that  flies  might 
iict  iis  disseminators  of  the  disease.     Dr.  Hunter  examined  flies  caught  in 
the  plague  wards  and  in  the  public  mortuary  in  Hong-Kong  dun'ng  a 
plague  epidemic ;  washings  obtained  from  the  bodies  of  the  insects  di«i 
not  shew  plague  bacilli,  whereas  emulsions  made  from  cnished-up  flia 
shewed  that  20  to  75  per  cent  were  plague  infected.     He  also  found  that 
plague  flies  were  capable  of  infecting  pieces  of  sugar  over  which  ther 
lijid  been  allowed  to  crawl.     According  to  Dr.  Hunter's  evidence,  plagne 
bacilli   luav  remain  virulent  in  the  intestine  of  the  flv  for  fortv-eij^t 
hours.      In   Manila,   Hcrzog  had   negative  results  with   cultures  made 
from  flies. 

BiKji^. — Expeiimentally,  Dr.  Nuttall  found  that  plague  baciUi  can  he 
recovered  from  the  intestine  of  ordinary  bed-bugs  up  to  seventy-two 
hours  after  they  had  sucked  tlie  blood  of  rats  suffering  from  plague,  hut 
it  was  impossil)le  to  transmit  plague  through  the  agency  of  the* 
insects. 

According  to  the  t<?stimony  of  the  Austrian  and  German  Commissions, 
it  is  unlikely  that  the  transmission  of  plague  takes  place  by  the  M'^^^ 
Dr.  Hunter  also  failed  to  find  bacilli  in  the  body  of  mosquitoes  even  when 
they  had  been  caught  under  the  mosquito-nets  of  plague  patients.  Liihf 
Arthur  Ivoad  Hospital  in  Bombay  no  transfer  of  plague  from  the  sick  to 
the  healthy  took  place  although  the  sUifl*  and  attendants  were  constantly 
bitten  by  mosciuitoos  (Choksy  (41)).  Cultures  made  irom pciJiculi  obtained 
on  the  ixxlies  of  plague  patients  were  negative  in  Dr.  Hunter's  haiids^ 
It  was  suggested  by  the  Indian  Commission  that  the  umisually  high 
incidence  of  plague  among  the  Jains  in  India  might  be  referable  to 
transmission  by  pediculi.  This  race,  as  is  well  known,  has  an  aversion 
to  taking  any  life,  and  ai*c,  in  consequence,  infested  with  lice.  In 
Manila,  Ilorzog  found  plague  bacilli  in  three  lice  (P.  cajntu)  from  a  chiW 
dead  (►f  plague. 

^-hifs. — Dr.   Hankin  ])elieves  that  certain  ants  (Mofwmorium  ra.<tuti^> 
Cf'iii  tiansniit  plague,  and  they  often  succumb  after  feeding  on  plague  rat&- 

Cnrkromhr>i. — Dr.  Hiuiter  maintains  that  this  insect  {Blatta  orientoli'^^ 
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nay  Wbour  plague  bacilli  und  carry  ibem  for  a  uunsiderable  distauce. 
Be  was  able  to  recover  cultures  from  the  foecea  of  cockroaches, 
fUat. — Since  Ogata  was  able  to  infect  mice  by  means  of  fieaa  which 
ktd  sacked  the  blood  of  pest-infected  rats,  these  insects  have  been  the 
■object  of  much  study.  Simond  espcciitlly  developed  the  flea  hypothesis 
of  fclie  tninsmission  of  plague,  by  trying  to  establieh  that  plague  rats  are 
■miiiently  infective  when  infested  with  fleas.  He  considered  that  when 
rli'^$cri«d  by  iheir  parasites,  mt«  cease  to  be  dangerous,  and  that  plague  can 
I  i.?ss  from  infected  rats  to  other  animals  which  have  not  been  directly  in 

■  iitjict  with  them  or  with  their  infected  excretions.     Loir  went  so  far  as 
'>    a,ffirm  that  the  Heas  of  rats  are  the  main  agents  through  which  the 

ilisc^ase    is    transmitted  to    man.     Kolle  and  Nuttall  obtained  negative 

reijtaStfl  in  attempting  to  infect  healthy  rats  with   fleas    obtained   from 

lilai^ue-stricken  animals.    The  Indian  Plague  Commission,  from  analysis  of 

\\\ti    data  on  the  subject  of  fleas  and  plague,  came  to  the  conclusion  "that 

Simond's  proposition  that  suctorial  insects  ])lay  au  imj>ortant  part  in 

\\m    iniiismisaion  of  plague  from  sick  to  healthy  animals  is  so  weak  as  to 

be     hardly  deserving  of   consideration."     In  recent  years  attention   has 

L     been  directed  mainly  to  the  question  whether  rut-fleas  are  capable  of 

K    Utin^  man.     According  to  Galli-Valerio  (20)  the  common  fleas  {'hqihlo- 

^    ttcy//n  maneiili  and  I'liiar  fasciatus)  of   the  European  rat  do  not  attack 

^■iflMD,  and  TiraboBchi  is  of  a  similar  opinion.     In  100  rat-fleas  examined 

^B^jr  Tidswell  in  Australia  the  incidence  of  the  different  varieties  worked 

^^1  mt  as  follows:  PuUx  fasdatas,  10  per  cont;    Tf/phlopsi/lla  miisruli,  8  per 

^H  tent ;     Pult.r    MTTaiieeps,    1    per    cent ;    and    I^tUx  yalUdu*    {P.    dirupie 

^H  Kotluchild),  81   per  cent.      Of  these  the  last,  according  to  Tidswell, 

^H  Gaoihior  and  Rayband,  and  Tiraboschi  (94),  can  attack  man.     On  ahip- 

^^B  ncs  Tiraboschi  found  that  40  per  cont  of  the  fleas  belonged  to  Piikj' 

^H  ^nnut.      Both    P.   mHiinus  and   P.  palHihis  have    been    subsequently 

^H  ^ntified  as  P.  rhtopU  Kothschild.      In  five  experiments,  Gautliier  and 

^H  ■'^yhiand  succeeded  in  conveying  plague  from  rat  to  rat  by  (teas,  and 

^     ~sy  also  identified  P.  juillidus  as  present  upon  ship-rats.     Zirolia  states 

"wt  oven  P.  irrilans  and  P.  serraticejis  can  retain  plague  bacilli  in  their 

'"''iQs  for  seven  to  eight  days.       Captain  Liston  made  the  important 

"fiservation   that    whereas  iu  Eiu-ope  Pvlex  (Ceratophyliis)  /nsciiidw  and 

^phhipa/tUi  mtiscnli  are  the  common  riit-fleas,  their  place  to  the  extent  of 

I*er  cent  is  taken  in  the  case  of  the  Indiau  rat  by  a  non-[>ectinated 

,?*  ~—  PiiUi  ckeojris    Rothschild.       Mainly    through    the    researches    of 

■  ^Jor  Lamb  and  Captain  Liston,  remarkable  advances  have  been  made 
,   **Ur  knowledge  of  the  flea-plague  question  during   1 906.     They  have 

£^^11  that  the  common  Indian  rat-flea  (P.  rheopis)  can  transmit  plague 
j"'****  an  infected  to  a  healthy  rat  confined  in  close  proximity,  but  protected 
**>ch  ft  way  as  to  prevent  direct  infection.  In  55  per  cent  of  the 
^^Periments  healthy  rata  lii-ing  in  flea-proof  cages  contracted  plague  after 
^^'^iving  fleas  collected  from  rats  dying  of  septicfEmic  plague  in  other 
■B^^^s.  Experiments  were  also  made  in  a  series  of  cabins — so-called  "go- 
'*"nB  " — constructed  to  imitate  the  conditions  obtaining  in  the  spread 
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of  picigue  in  man,  guinea-pigs  and  monkeys  being  used.      The  essential 
differences  in  the  construction  of  the  various  experimental  "gOHiowns' 
were  in  the  roofs,  and  especially  whether  the  latter  permitted  rats  to 
harbour  in  them,  and  whether  light  was  permitted  to  enter  or  not    It 
was  found  that  if  fleas  were  excluded,  the  closest  contact  of  plagoe- 
infected  animals  with  healthy  animals  did  not  give  rise  to  an  epizoutir 
amon;:;  the  latter.      If  fleas   were  present,    an  epizootic    once   started 
spread  from  animal  to  animal,  the  rate  of  progress  depending  directly 
on  the  number  of  fleas  present.     It  is  possible  even  for  an  epizootic  or 
plague  to  start  without   any  direct  contact   of  healthy  and  infected 
animals.       Infection  may  also  take  place  without  actual  contact  with 
contaminated  soil,  and  that  this  is  not  due  to  aerial  infection  is  shewn  br 
the  observation  that  animals,  suspended  a  suitable  distance  above  a  soil 
grossly  contaminated  with  plague -material  and  above   plague -stricken 
animals  infested  with  fleas,  escape  the  disease.     In  plague-infect^l  humin 
dwellings,  guinea-pigs  can  contract  plague  by  becoming  infested  with 
plague-infected  fleas,  and  this  even  in  houses  which  have  been  disinfected. 
In   some  experiments  animals,  protected  and  unprotected  against  fleas, 
were  exposed  side  by  side  in  plague-infected  houses  with  the  result  that 
the  f<irmer  remained  free  from  the  disease,  while  a  number  of  the  latter 
succumbed  to  plague.  The  dissection  of  seventy-seven  fleas  caught  in  infected 
houses  shewed  that  twenty-three  harboured  B,  yestis.     These  experiments, 
which  have  been  published  in  the  reports  on  plague  investigations  in  India, 
issued  by  the  Advisory  Committee  appointed  by  the  Secretary  of  State 
(1906),  seem  definitely  to  prove  that  under  natural  conditions  the  rat- 
flea  is  an  importiint  agent  in  the  dissemination  of  plague.      In  the  case 
of  non-suctorial  insects  the  dissemination  of  the  bacillus  mav  also  be 

« 

])rou.ij:ht  about  indirectly. 

Spontaneous  Plague  in  Animals. — The  plague  bacillus  frc<iuently 
infects  animals  in  natiu*al  conditions,  the  different  groups  attacked 
being  widely  separated  from  eiich  other  in  the  zoological  scale. 

Friiiiates, — Epidemics  of  plague  in  monkeys  occurred  in  the  modem 
Indian  epidemic  in  sever.il  places,  especially  at  Hubli,  Ankle>chwar, 
Dharwar,  and  Kankhal.  In  Hard  war  and  the  neighbourhood.  Dr. 
Hankin  isolated  plague  liacilli  nine  times  in  twenty-six  cases.  Both  the 
highly  susceptible  langurs  (SemnojMerus  entellus)  and  the  brown  monkej 
{Miic'iam  rafiiafv.<)  succumbed  to  plague  in  the  above  places. 

Caridvoni.  —  Dogs  and  cats,  especially  the  latter,  occasionally  develop 
plague.        In  India  this  was  not^jd  in  Bombay,   Karachi,  Bandra,  and 
in  ])articular  at  Ahmednagar,  which  Wiis  oveiTun  with  Ciits  having  opeft 
l)ul>oes  in  their  necks.     Dr.  Ashburton  Thompson  saw  spontaneous  plapwp 
in  cats  in  Sydney  ;  Dr.  Hunter  the  same  in  Hong-Kong.     In  the  Soutl^ 
African  epidemics  at  Tort  Elizjibeth,  East  London,  and  King  Williao'^^ 
Tr>wn,    numbers    of    cats    w(u*e   proved    to    be   suffering   from  phgo*'^ 
(Mitchell). 

Uiujulaia. — Cattle,  slieop,  goat^,  and  horses  are  not  known  to  contra-^* 
plague   spont^meously.     Some    have   reported  epizootics  in  pigs  dnriix^ 
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e  epidemics,  but  it  is  very  doubtful  whetherthe  animals  succumbed  to 
genuine  plague  bacillus  or  to  other  forms  of  hsemorrhagic  septicaemia. 
..JiodetUia, — Bubonic  plague  has  frequently  been  seen  to  affect  rodents. 
L  s,  a  great  plague  mortality  occurred  among  squirrels  (Sciurus  palmamm) 
e  Indian  epidemic,  especially  at  Hubli,  Bangalore,  Poona,  and  other 
Of  special  interest  is  a  disease — in  all  probability  true  plague — 
L  cih  periodically  decimates  the  Siberian  marmot  or  tarbagan  {Ardomys 
'•)  in  Transbaikalia  and  Mongolia.  This  tarbagan  plague  was  first 
Tted  by  Beliarsky  and  Eeschetnikoff  at  Akscha  on  the  Chinese 
rtt:ier,  the  marmots  shewing  buboes  in  the  axillae  and  groins.  It  is 
i^ved  that  the  tarbagan  pest  is  highly  contagious  to  man,  and  it  was 
^Ared  beyond  doubt  by  Zabolotny  that  genuine  bubonic  plague  is 
unon  in  Eastern  Mongolia.  Kudenko  also  considers  that  tarbagan 
k^ue  and  human  plague  are  identical ;  the  susceptibility  of  the 
-Vwigan  to  cultures  of  Bacillus  pestis  has  been  referred  to  on  p.  373. 

SjHmianeoMS  Plague  in  Bais, — By  far  the  most  important  animals  in  this 

nnexion  are  rats,  the  occurrence  of  spontaneous  plague  in  which  is 

le  of  the  constantly  observed  features  of  the  modern  plague  pandemic. 

»  Abel  (2)  has  shewn,  the  older  literature,  with  the  exception  of  notices 

y     Avicenna    and    Orraeus,    is    practically    devoid    of    references    to 

pontaneous  disease   in  rats  preceding  or  accompanying  bubonic  plague 

,n  man.^     Marked  attention  was  directed  to  rats  in   1894,  when  large 

numbers   succumbed    to  plague    in   Canton  and    Hong-Kong  (Yersin). 

The  incidence  of  rat  plague  in  India  has  been  fully  analysed  by  the 

Indian  Plague  Commission,  the   most  striking  outbreaks  occtiriing  at 

Mahlghala,  Chak-Khalal,  and  Banga.     According  to  Kitasato,  rats  were 

infected  to  the  extent  of  10  per  cent  in  Osaka  and  20  per  cent  in  Kobe 

(Japan).     Plague  in  rats  was  also  seen  in  Formosa,  Mongolia,  and  in 

the  Philippines.      In    Africa    vast   plague    mortality  in    rats    occurred 

in  Kisiba   (Koch  and  Zupitza) ;    to  a  less  extent  the  same  was  seen 

in  Alexandria  (Grotschlich),    Lorenzo     Marquez    (Vaz),    Port    Elizabeth 

(Blackmore),   Durban    and   Maritzburg    (Hill),    Reunion  (Maxse).      In 

Australia  human  plague  in    Sydney  was   constantly    preceded    by  rat 

P^ue  (Thompson   and  Tidswell) ;  in  Europe  plague  epizootics  in  rats 

occurred  in  Oporto  (Kossel  and  Frosch),  in  Naples  (Santolicjiiido),  and  in 

the  Odessa  epidemic  of  1901-2  (Rabinowitsch  and   Kenipner,  Skschivan). 

In  Sonth    America   a  similar    state    of    affairs    prevailed  in    Asuncion 

In  modem  times  the  death  of  rats  during  or  before  epidemics  of  human  plapue  was 

first  noticed   in    India,  viz.    in   Kuniaon,  1834  -  36,  by    Gowan  ;    in    the    Pali    pla^'ue, 

W36-S8.  >»y  Forbes   and  White  ;  and  in  Kumaon,  1853,  by  Francis   an«l   Planck.     Hut 

■*«*  are  records  of  rat-disease  a*i80ciated  with  human  plague  at  lea-^t  as  early  as   tlie 

•*pnning  of  the  seventeenth  century  in  India,  shewing  that  the  phenomena  were  so  striking 

a*  to  arrest  the  attention  of  laymen  as  well  as  of  physicians.     Even  in  the  an<uent  Hindu 

■■J'en  book  called  BhAgavat  Purana  {i  ninth    century  a.p.).    mortality   anioii;<   rats   is 

mtd  to  as  a  sign  of  a  coming  plague.     There  is  an  equally  detinite  account  of  rat-]>lague 

Jfnnnan  at  the  beginning  of  the  nineteenth  century,  and  proba>>ly  it  was  observed  there 

i<    .    ^Tlier.      It  is  thought  that  the  reference  in  the  first  book  of  Samuel   (vi.   5)   to 

i§m  ^^^  ^^*^  "**'  ^^®  land"  during  the  plague  of  **emerods,"  which  afflicted  the  Philistines, 

indication  of  plague  among  mice  or  rats  ;  though  Biblical  commentators  give  a  different 

^«o*tion._j.  F.  P. 
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and  in  Kosario  (Uriarte);  likewise  in  Brazil  (Havelburg)  and  in  Potl 
In  several  parts  of  India,  however,  no  connexion  could  be  traced  between 
rat  and  human  plague.  The  same  applies  to  the  Kolobowka  epidemic 
(Tartakowsky).  In  the  Glasgow  epidemic  in  1900  no  plague  could  bi 
found  in  the  rats,  nor  was  there  any  evidence  that  rats  played  a  part  ii 
the  dissemination  of  the  disease.  In  1901  and  1902,  however,  Urge 
numbers  of  plague-infected  rats  were  found,  and  in  several  instances  in 
houses  in  which  human  beings  had  contracted  the  disease  in  1901. 
The  species  of  rats  which  have  ])een  found  to  suffer  from  plague  an 
Mua  demmanxLs  (brown  rat),  Mus  ralius  (black  rat),  and  its  variety  J/«i 
aknuulriuus.  There  docs  not  appear  to  be  any  difference  in  susceptibilitj 
among  the  various  species  of  rats.  Autopsies  on  plague  rats  shew  the 
same  changes  as  those  met  with  in  the  experimentally  produced  diseasei 
Of  peculiar  interest  is  the  occurrence  of  chronic  forms  (f^ide  p.  372)  of 
spontjineous  plague,  which  may  possibly  be  the  means  of  bridging  succes- 
sive epizootics  (Hunter). 

Occurrence  in  Hats  of  Diseases  rej>enihling  Plague, — Since  the  moden 
outburst  of  plague  spontaneous  infections  in  rats  have  been  frequendj 
shewn  to  ])e  due  to  bacilli  other  than  Bacillus  peiftis,  although  the  clinicil 
and  anatomiciil  features  led  to  the  belief  that  the  disease  was  genuine 
bubonic  plague.  Cases  of  this  kind  have  been  recorded  by  Danys^ 
Schilling,  Aujezky,  Kossel  and  Overbeck,  Toyama,  Neumann,  Klein,  and 
others.  In  most  cases  the  bacilli  found  have  been  Gram  negati>'e  and 
have  shewn  polar  staining.  The  closest  resemblance  to  B.  pestis  is  diewi 
by  Klein's  Badcrium  hriMeme^  which  differs,  however,  in  that  abundant 
gas  is  developed  in  growths  upon  potatoes.  Dr.  Klein  found  it  to  bi 
virulent  for  rats  and  guinea-pigs,  except  when  applied  cutaneoadT. 
Barillus  pseudofuherculosis  nxhrntium  (A.  Pfeiffer)  presents  an  extrenrtly 
close  resemblance  to  the  plague  bacillus  (G  alii -Valerie,  ZlatogonA 
MacConkey),  and  can  only  l)e  distinguished  with  the  greatest  difficulty. 
Mice  are  of  much  less  ira^iortance  than  rats  in  connexion  with  thi 
dissemination  of  i)lague ;  epizootics  have,  however,  been  observed  among 
these  rodents  at  Tai-ho-Kou  (Formosa),  at  Jeddah,  Alexandria,  in  Sootk 
Africa,  and  in  India  at  Bangalore,  Porbandar,  and  other  places. 

Spontaneous  plague  has  also  been  noted  in  the  great  bandicoot  rtf 
{Nrsncia  handkota),  in  ])orcupines  at  Mysore,  and  in  guinea-pigs  at  Sydney 
and  Bangaloie.  At  Knysna  (S.  Africa)  veld  rats  {Arvimnthus  jmmilit*) 
succumbed  to  ]>lague  in  large  nimibers  (Mitchell). 

Mttrsujtitdia.  — As  a  curiosity  may  also  l>e  mentioned  the  outbreak  i« 
the  Zoological  (harden  in  Sydney  of  spontaneous  plague  in  wallabies  and 
wallaroos  (Ash burton  Thomj^son). 

Variations  In  the  Virulence  of  Bacillus  Pestis.  —  Considerabb 
variations  occur  in  the  virulence  of  the  plague  virus  on  artificiJ 
media,  .some  strains  becoming  rapidly  attenuated,  while  others  rena* 
hiirhly  virulent  for  vears.  Thus,  Albrecht  and  Ghon  isolated  from  » 
nit  a  strain  of  ))lague  bacillus  which  at  the  end  of  thirteen  months 
was  so  virulent  that   i  xroVjcr  ^^  ^  loopful  killed  a  guinea-pig  with  acuM 
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ptic^mia.  The  best  method  for  preventing  a  spontaneous  attenua- 
M'rulence  is  to  keep  the  cultures  in  sealed  tubes  and  at  a  low 
siture.  Cultivation  at  the  body-temperature  sooner  or  later  leads 
of  virulence,  a  profound  attenuation  occurring  if  the  bacillus  be 
«d  for  long  at  41°  C.  (Kolle).  A  convenient  scale  of  virulence 
m  adopted  by  Kolle  and  Martini,  the  inoculations  being  carried 
aneously  in  the  guinea-pig  with  -2  of  a  loopful  of  culture  suspended 
;.  of  )x>uillon. 

n-virulent  cultures — glandular  swelling  only  ;  slight  emaciation. 

tak  „       — death  in  2-3  weeks,  with  chronic  pest  granulomas 

in  viscera, 
idium  „       — death  in  8-10  days  ;  miliary  nodules  in  spleen. 

;hly  virulent  cultures — death  in  4-6  days ;  septicsemia  ;  no  nodular 

formation. 

'liaium  of  Findence  and  Maintenance  of  Exalted  State  of  Bacillus 
-The  plague  bacillus  can  be  exalted  in  virulence  by  passage 
I  the  bodies  of  guinea-pigs.  The  effect  of  its  continued  passage 
I  rats  is  the  subject  of  diverse  opinion,  Yersin,  Calmette,  and 
considering  that  rat-passage  produced  attenuation.  Drs.  Hankin 
niton  (41)  were  unable  to  continue  the  passages  through  rats. 
ith  intermediary  subcultures  between  the  passages,  Captain  Douglas 
d  great  attenuation  in  the  body  of  the  rat.  Otto  (75)  found 
er  twenty  rat-passages  the  bacillus  no  longer  produced  septicaemia, 
y  an  intoxication,  the  bacilli  becoming  localised  in  the  lymphatic 
without,  however,  being  attenuated.  The  Advisory  Plague  Com- 
[1906)  was  able  to  infect  twenty-six  series  of  rats  without  recourse 
cial  media,  and  was  unable  to  find  any  alteration  in  virulence.  It 
nd  that  Bombay  rats  vary  considerably  in  susceptibility,  and  that 
lerable  percentage  of  rats  in  India  are  immune  to  the  cutaneous 

of  inoculation.  Passage  through  a  series  of  rabbits  appears  to 
te  the  bacillus  for  the  rat  (Otto). 

rue  Toxin. — Experimentiilly  a  gi^cat  deal  of  doubt  exists  in  regard  to 
ure  of  plague  toxin,  and  especially  whether  it  is  intra-  or  extra- 
Yersin,  Calmette,  and  Borrel,  Pfeiffer,  I)ieudonn6,  Dean,  and 
ttrian  Commissioners,  on  finding  that  young  plague-culture  filtrates 
ic  only  in  large  doses,  concluded  that  the  poison  was  an  endotoxin. 
on  the  other  hand,  maintains  that  when  grown  at  low  tompei'atures 
igue  bacillus  produces  an  extremely  unst*ible  exotoxin  within 
-four  hours.  As  a  result  of  his  recent  work,  Kolle  (54) 
with  those    who    regard   the   poison    of  the  plague    bacillus   as 

if  not  exclusively  intracellular.  With  filtrates  from  young 
«  he  was  unable  to  produce  intoxication,  notwithstanding  the 
)Dof  relatively  large  quantities  (3  c.c.  in  rats).  On  injecting  the 
kttcterial  bodies,  on  the  other  hand,  a  rapidly  fatal  disease  was 
5ed,  with  profound  symptoms  of  intoxication,  referable  to  the  nervous 
ardiac    tissues.       If  the  animals    survived    the  acute  stage    they 
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Riiccumbed  later  with  marasmus^  referable  to  parenchymatous  degenentiBi 
of  the  heart,  liver,  and  spleen.  In  general  the  filtrates  increuei 
toxicity  the  older  the  culture,  a  maximum  toxicity  being  obtained  ii 
cultures  grown  at  ?iV  C.  for  three  to  four  weeks,  A  peculiarity  il 
filtrates  from  old  cultures  is  that  toxic  symptoms  come  on  at  ooce  d 
may  cause  death  in  one  to  two  hours,  a  result  due  in  all  probability  M 
secondary  poisons,  which  have  nothing  to  do  with  the  primary  pik 
toxin,  the  symptoms  from  which  always  make  their  appearance  i^tff fl 
incubation-period,  lasting  six  to  eight  hours.  Pest  serum  has  no  efiedi 
neutralising  the  secondary  toxins.  Besredka  is  of  much  the  same  opuMi 
as  Kolle.  The  toxicity  of  plague  cultures  grown  on  one  and  tk 
same  medium  is  very  variable  in  its  effects  on  rats,  *  1  c.c.  being  occuM- 
ally  fatal,  while  at  other  times  3  c.c.  may  produce  only  traaiMi 
symptoms  (Douglas). 

Sites  of  Entrance  of  the  Plague  Bacillus  into  the  Human  Body.- 
In  considering  the  portals  through  which  plague  bacilli  pass  intoAi 
body  of  man  the  skin  is  of  primary  importance.  The  deadly  efieetii 
applying  a  living  plague  culture  to  a  carefully  shaved  area  of  the  skill 
rodents  proves  that  the  bacillus  can  invade  the  body  through  miirii 
breaches  in  the  continuity  of  its  surface.  In  all  probability  the  M 
applies  to  man,  although  in  the  great  majority  of  cases  no  ddilli 
primary  lesion  can  be  detected,  and  tlie  bacilli  first  manifest  their  preiaB 
in  the  regional  lymph-glands.  That  the  bacillus  can  pass  through  tb 
skin  is  shewn  by  the  fact  that  the  disease  has  in  many  cases  been  Mfr 
tracted  by  direct  inoculation  in  the  course  of  autopsies  on  plague  patioli 
The  Indian  Plague  Commission  collected  thirteen  cases  of  this  kind,» 
in  only  two  of  these  (viz.  Professor  Sticker  and  Captain  Leumann)  »■ 
there  a  history  of  a  primary  vesicle  or  phlyctenule  at  the  point* 
inoculation.  To  these  two  cases  must  be  added  that  of  IVofci' 
Aoyama.  Apart  from  post-mortem  wounds  the  German  Commi** 
reported  eleven  cases  in  which  primary  plague  vesicles  were  nciw 
Simond  reported  sixty-one  such  cases,  and  the  Indian  Plague  Commiii* 
observed  four  others.  Although,  therefore,  the  occurrence  of  a  primill 
pest  lesion  must  be  looked  upon  as  rare,  it  is  to  be  noted  that  4 
proportion  in  which  certain  groups  of  lymphatic  glands  are  infected ' 
almost  directly  in  proportion  to  the  skin  area  which  is  drained  by  tl 
lymphatics  passing  to  these  glands.  Thus,  the  area  of  skin  surface  dni 
ing  into  the  lymphatic  glands  of  the  neck  is  approximately  1260  sqM 
centimetres,  that  into  the  glands  of  the  axilla  abotit  3244,  and  that  ii 
the  glands  of  the  groin  about  G260  square  centimetres,  the  areas  hati 
a  proportion  to  each  other  of  about  1  :  18  :  5.  From  the  statistics  of  t 
Bombay,  Punjab,  and  Karachi  hospitals  (5442  cases),  the  proportioB 
primary  cervical,  axillary,  and  inguinal  buboes  was  1  :  1*3  :  5*8.  Et 
where  a  primary  pest  lesion  occurs  at  the  point  of  the  inoculation  it  i 
frequently  been  preceded  by  general  symptoms,  a  point  of  importance 
estimating  the  manner  in  which  the  bacillus  invades  the  body. 

Mucoiis  Membranes. — The  frequent  occurrence  of  buboes  under  thcti 


i  ibout  the  angle  of  the  jaw  may  be  taken  as  evidence  thai  the  plague 
illii£  CHU  penetrate  thiviigh  the  miicoiia  meinbraiieB  of  the  nose,  mouth, 
pbarynx.  The  same  applies  to  the  conjiinctivn.  A  patient,  with 
lUiDOiiic  plague  accidentally  coughed  into  the  eye  of  a  nurae  in 
I  hMpilal  at  Parel.  Conjunctivitis  followed,  with  a  plague  hubo 
tnt  the  ear  on  the  affected  side.  A  similar  case  was  noted  in 
g-Kong. 

Childe  reported  the  Ciise  of  a  boy  who  had  a  lesion  on  the  dorsal 

kce  of  the  glans  penis.     Pkgue  bacilli  were  found  in  the  lesion  ami 

be  buboes  which  developed  in  both  the  groins. 

In  regard  to  the  statement  that  plague  bacilli  enter  the  body  through 

I  gnslric  or  intestinal  mucous  membrane,  the  Indian  Plague  CommisBion 

*  unable  to  obtain  any  trustworthy  evidence.     Feeding  experiments 

t  always  been  found  to  be  uncertain,  and  it  is  probable  that  many 

baU  supposed  to  have  been  infected  through  the  stomach  or  intestine 

t  in  reality  been  infected  through  the  nasal  or  pharyngeal  mucous 

Bihrane.     Wilm,  however,  held  that  the  disease  could  bo  contracted 

1  the  alimentary  wall,  and  Dr.  Hunter  ia  of  opinion  that  this  is 

Eommon    method    of    infection.       That    in    many    cases    the    mucous 

Dbrane  of  the  alimentary  canal  is  found  post-mortem  to  be  studded 

%  hiemorrhages  ia,  however,  no  evidence  that  the  plague  bacillus  gained 

tance  by  this  route.      In  the  case  of  rat«,  Dr.  Klein  shewed  that  in 

uiver  manner  the  animal  is  infected,  the  intestines  and  mesenteric 

nds  always  participate  in  the  disease. 

StrptToivrij  Tract   (except  nose  anil  mouth). — In  cases  of  primary 

^B  pneumonia  there  can  be    no  doubt  that    the  bacilli  nuiy  gain 

uice  by  means  of  the  inspired  air.     Such  cases  are  characterised  by 

t  infectivity,  and  frequently  disseminate  the  disease.     This  occurred 

he  laboratory  outbreak  in  Vienna,  the  attendant  Barisch,  Dr,  Miiller, 

I  Nurse  Pecha  all  succumbing  to  pneumonic  plague  conveyed  from  the 

IW  the  other.    The  factors  which  predispose  to  the  development  of  lung 

too  are  not  fully  worked  ouL     From  the  experiments  of  Martini  it  is 

wble  that  the  bacillus  is  exalted  in  virulence  in  its  passage  from  lung 

nng.     Other  microbes,  such  as  the  pneumococcua,  may  also  be  associ- 

■  with  the  plague  bacilluB,  and  possilily  affect  its  viridence. 

kscape  of  Bacilli  from  the  Sody. — In  ordinary  bubonic  coses  there 

tonally  a  short  period  when  the  bacilli  are  shut  off  from  the  surface. 

"  "  gn»>i  many  cases,  however,  the  blood  invasion  takes  place  at  a  very 

f^^y  date,  and  from  this  time  onwards  the  bacilli  may  escape  from  the 

■"y.      By  becoming  lodge^l  in  the  capillaries  of  the  skin  and  raucous 

"""iihranes,  ihey  may  make  their  exit  from  the  body.     In  the  case  of 

"*    respiratory   oi^ana,    when  there    is   primary    or    secondary   plague 

'""'inionia  they  pass  out  in  immense  (|uanlitieB  in  the  sputum.     To  n 

'**     extent    this    also    occiu«  in    ordinary  bubonic    cases    with    blood 

""^^on,     The  bacilli  may  bo  conveyed  to  the  surface  of  the  intestine 

**  pa«  out  in  the  fieces,  although  this  has  only  rarely  Iteen  demonstrated 

"""Timeii tally.     Conveyance  of  the  bacilli  to  the  kidneys  and  escape  by 
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the  urine  is  also  proved.     In  sixty  examinations  of  the  urine  the  Iniiu  |F - 
Plague  Commission  found  plague  bacilli  three  times.       In  the  cue  of 
haemorrhages  from  the  cutaneous  or  mucous  surfaces  of  the  bodytk 
bacilli  may  make  their  exit  in  large  numbers. 

Infeciivity  of  Patunts  cmmiksrcnt  from  Plagxie, — The  infectivityofpl»g« 
patients  who  have  recovered  from  the  acute  stage  of  the  disease  ■ 
especially  marked  in  the  cases  of  suppurating  buboes  and  in  cases  fit! 
bacilli  in  the  sputum  or  saliva. 

It  is  generally  difficult  to  find  bacilli  in  buboes  which  have  bea 
suppurating  for  some  time.  The  German  Commission  had  two  poatirt 
results  out  of  sixteen  cases.  The  Austrian  Commissioners  were  mon 
successful  (seven  positive  in  ten  cases)  in  so  far  that  they  isolated  liviij 
bacilli  on  the  nineteenth  and  twentieth  days,  and  in  one  case  as  late « 
the  fifty -second  day.  Vagedes,  in  the  Oporto  epidemic,  reoovenJ 
bacilli  from  a  pelvic  abscess  two  and  a  half  months  after  the  attadrf 
plague  was  over. 

Bacilli  may  persist  in  the  sputum  and  saliva  of  patients  for  kag 
periods  after  recovery  from  plague.  Thus,  in  two  pneumonic  chb 
Cxotschlich  found  the  bacillus  twenty  and  forty-eight  days  i-espectivdr 
after  the  temperature  was  normal.  Vagedes  recovered  living  Ijacilli  ivm 
sputum  seven  weeks  after  the  disease. 

Baeteriologrical  Diagnosis  of  Plagrue. — During  an  epidemic  of  plagai 
in  man  it  may  be  justifiable  to  base  the  diagnosis  on  clinical  evideoee 
alone.     In  all  other  cases  a  bacteriological  examination  is  imperative,  anJ 
should  be  conducted  by  a  trained  bacteriologist  in  a  suitable  laboratory. 
The  diagnosis  rests  on  the  demonstration  of  the  bacillus  in  the  8us|»ecied 
material,  either  by  microscopic  examination,  or  in  cultiures  on  gelatin  (f 
agar  plates.     Inoculation  of  the  suspected  material,  or  cultures  from  it» 
should    also    be   carried   out  on   susceptible  animals,  such  as  rats  aJ 
guinea-pigs.     Subcutaneous  or  intraperitoneal  injection  is  suitable  only 
in  cases  in  whicli  the  primary  material  is  not  extensively  infected  wi4 
different  microbes,  or  where  pure  cultures  are  used.     In  all  other  caii 
the  cuUmeous  application  of  the  infective  material  is  to  be  recommcndei 
If  the  accurate  diagnosis  be  of  great  importance — as  is  tisually  the  case  it 
non-epidemic  periods — several  animals  should  be  employed.     As  deatk 
may  not  take  i)lace  for  some  days,  it  has  been  suggested  that  the  buHoe* 
should  be  punctured,  the  juice  being  examined  microseopiciilly  or  \ff 
other  tests.     The  buboes  are  frequently,  however,  very  small,  so  ths*' 
their  puncture  is  by  no  means  easy.     It  is  preferable  to  kill  the  aniin»* 
on  the  second  day,  and  to  dissect  out  the  buboes  carefully  for  furtbis^ 
examination. 

If  there  is  any  doubt  as  to  the  identity  of  the  microbe  found  eitlfc-^ 

in    the   primary   cultures    or    in    the    inoculated    animals,   it  should 

sul>jected  to  all  the  known   tests,  including  the  agglutination 
with  plague  immune  serum,  the  suspected  case  from  which  the  mat* 
was  ])rimarily  obt^iined   being  kept  under  ciireful  observation.    In 
living  patient  material  may  l)e  obtained  from  the  interior  of  the  bul 


puncture  with  a  at«rile  hypodermic  ayringo.  In  the  early  stages  of  the 
bubo  plague  bacilli  ure  prcp^ent  in  largo  numbcrB,  whereas  latof  on, 
especully  iti  the  event  of  suppuration,  they  may  he  sparse,  and  their 
pnaenee  may  be  obscured  by  other  mierobes,  which  have  invaded 
umiiiluily.  In  very  severe  cases  plague  biicilli  may  be  obtained  in 
Mood- films,  and  especially  in  thick  drops  of  blood  which  hava  been 
Allowed  to  dry  upon  slides.  Before  staining  such  preparations  it  is 
Dnvasnry  to  get  rid  of  the  hemoglobin  by  soaking  the  slides  in  distilled 
w»ler,  The  most  certain  method  of  demonstrating  bacilli  in  the  blood  is, 
however,  to  take  tjuantilies  of  2-5  c.c.  directly  from  the  median  basilic 
vein,  and  to  dilute  it  at  once  in  about  100  c.c.  of  bouillon.  From  the 
mixtures,  agar  or  gelatin  plates  can  then  be  made.  In  the  cose  of  the 
tputitm  in  primary  pest  pneumonia,  pest  bacilli  are  usually  but  not  always 
present  In  immense  quantities,  and  can  often  be  detected  by  the  micro- 
»TOpe  alone.  Secondary  microbes  may,  however,  mask  the  microscopic 
pirtiin;,  and  cultures  and  inoculations  must  be  carried  out.  In  such 
t**^  the  cultures  on  gelatin  at  20"  G.  are  paiticularly  appropriate,  as 
nany  of  the  bacteria  which  complicate  a  pest  pneumonia  do  not  grow 
fawiily  at  room  temperature.  In  order  to  save  valuable  time,  cuUineous 
iiwcuinlion  directly  from  the  sputum  should  be  employed. 

Ill  scJirching  for  plague  bacteria  in  urine,  this  fluid  should  Iw 
wlWteil  under  aseptic  conditions,  and  it  is  to  be  noted  that  cultures 
Iwni  urine  are  often  slow  in  growth. 

Cutaneous  inoculalioD  of  the  guinearpig  or  rat  is  the  only  means  of 
ntiatactorily  demonstrating  pest  bacilli  in  faeces,  and  in  any  cose  one 
tnuiit  be  prepared  for  frequent  disappointments. 

Aijjhiination. — Wyssokowitch  and  Zalwlotny  were  the  first  to  draw 
aiifntion  to  the  presence  of  specific  agglutinins  in  the  blood-serum  of 
i"lieiit»  suffering  or  recovering  from  plague.  This  has  unfortunately, 
biffever,  proved  a  very  unsatisfactory  test  clinically,  as  the  agglutinin 
iomuttion  is  usually  slight  (1 :  5-1  :  10),  is  often  lute  in  appearing,  an<l 
tMVhe  entirely  absent  in  cases  of  undoubted  plague.  It  has  also  been 
'land  experimentally  that  a  great  deal  depends  on  the  virulence  and 
«her  characters  of  the  strain  of  culture  used.  Where  employed,  the  lest 
■'twill  bo  iwrried  out  by  the  macroscopic  method  in  small  tulws,  very 
•""My  prepared  emulsions  of  plague  bacteria  being  used. 

W.  Bi)LLr».'H. 
S.  K.  Dou(;i.AR. 
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VU'^we/' I,id.  Mcff.  f/az.  1897,  xxxii.  ji.  137. — 102.  Wladimikokf  and  Ki:j>>iii.NC 
"Zur  Frago  <ler  Niihnnedien  f.  d.  Bacillus  d.  Bubouenpest,  etc.,"  iMutse/t*:  und.  W'tfli 
IvSyr.  xxvii.  p.  430. —103.  AVruTZ  and  Buukues.  "  Vitalite,  conscrvariou  d«r  a 
vinilenre  de  fornu'  du  baoillo  ile  le  jHiSte  dans  I'eaudemer,"  A'.  Con'jrf.'^  inUfMi. 
d'llifij.  H  dc  Dr.inotj.  1900,  p.  197. — lOJ.  Wys.mokowit.sch  and  Zae<.»l«»tvt. 
"Recherclies  surlai)est**bul>ouiquf,"  Ann.  Vlnst.  histeur,  Paris,  1897,  xi.  j».  0S3.— 1'>3. 
Vkiisi  n.  "  L'l  iM'stc  l»ub()ni(pie  a  Hongkong,"  Ann.  d^  Vln-st.  Pastrur,  Paris.  1894,  viii. 
p.  0t)2  -lOt;.  Yeiisin,  Calmkttk,  and  B(»kiikl.  "La  jwste  bubonitiue,"  Attn,  de 
riuif.  Pnsft'iir,  Paris,  1S95,  ix.  }).  589. — 107.  Ykk.six.  ''  Rap]K>rt  siir  la  jiust  bnlionf</w 
de  Nhatrang,"  Ann.  dc  I' Inst.  Pnsttnir,  Paris,  1899,  xiii.  i».  251. — 108.  Yt»Koj e.  '*Vt\^ 
die  Lid)ens  laut-r  d.  Postbaeillen  in  d.  bHerdigtenThieri«uche,"  CcnfraHd.  /.  Bttkt.  ISW, 
xxiii.  p.  1030.-109.  Zauoi.utxy.  "La  jieste  en  Mongolii^  orientaK*,* ".-/,/»».  rin.^ 
Postrnr,  l*aris,  1899.  xiii.  }>.  833. — 110.  Zk'ITNOW.  "  Beitr.  z.  Kenntn.  d.  B.  d.  BulioufD- 
jKjst,"  Zfsrhr.  f.  Ili/ii.  1890,  xxi.  ]>.  Ifi5.  111. — Ziuoma.  "Der  Pestb.  im  OrgaiiisJija-> 
•ler  Fliilu;,"cV/;//'////;/. /.  y/'///.  1902,  xxxi.  ]».  687.— 112.  Zlatogoiu»kf.  **Zur. -MorpboL 
und  P»iol.  cb's  Mikrobun  d.  Bubonenpest  und  des  Pseudotub^rkulose  liarillus  d«r 
Xag.'tliitn","  datnilU.  /.  Bakt.  1904.  xxxvii.  ]>.  345.-113.  Idr,,,.  "Velier  die- 
biikteriolog.  DiagnoM^  d.  Post  in  Kadavmi,"  Centralhl.f.  Bakt.  1904,  xxxvL  j».  .''59. — 
114.  Zri'iTZA.  '•  Die  Ergebnis.-.e  der  Pestexpedition  nach  Kisiba  am  \Ve»tufer  1* 
Victoriasees  1897-0^,"  Zt^i'hr.  f.  Hyq.  1899,  xxxii.  p.  2*58. 

W.  B 

Geographical  Distribution  of  Endemic  Plague. — In  discussing  th^s^ 
existoiice  <>f  j)biguc  as  an  endemic  disease,  it  is  necessiiry  to  take  iiit*^^ 
account  its  ;^eographical  distrilmtion,  and  to  some  ext<;nt  its  historr  — 
togi^thei-  witli  the  associated  physical  and  social  conditions.  Th«i-^ 
localities  whore  it  is  now  kiiown  to  occur,  or  to  have  occuireil  within  tbts^ 
last  thiity  or  tliirty-five  years,  without  being  ol)viou8ly  imported  frcwc*- 
any  other  centn?,  are  as  follows : — 

(1)  I'he  district  of  I>enghazi  (the  ancient  Cyrcnaica),  in  the  provina^^" 
of  Tripoli,  Northern  Africa,   last  definitely  recorded  in   1874  ;  perhaps 
later. 

(•J)  The  disti'ict  of  Azii'  or  Assyr,  in  South-AVestern  Arabia,  l>onlerin^ 
on  the  Ked  Sea,  as  latelv  as  1S89. 

^:V)  A  laige  anja  in  Asia,  comprising  Pei-sian  Kurdistan  and  adjacent 
]>arts  (jf  Persia,  Turkish  Kurdistan,  aTid  parts  of  Irak  or  Mesopotamia oC» 
th«.'  banks  of  the  Tigris  and  Euphiates,  including  Baghdad.     The  cVrxr^ 
CTidemic  centre  of  this  area  is,  acconling  to  Tholozan,  in  the  mountains  t:>^ 
Kurdistan.     From  this  area  it  has  extended  to  Northern  Persia  on  tta*^ 
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shores  of  the  Caspian  (Resht)  in  1877,  to  ^kii  on  the  western,  and 
Astrakhan  on  the  northern  shore  of  that  sea ;  and  up  the  Volga  to  the 
village  of  Vetknka  and  its  neighbourhood  in  1877-79. 

(4)  The  districts  of  Kumaon  and  Gurwhal  in  the  north-west  of  India, 
on  the  slopes  of  the  Himalayas,  as  lately  as  1897. 

(5)  In  Southern  China,  the  mountain  district  of  Yunnan,  from  which 
epulemics  extend  to  the  seaport  Pakhoi  on  the  Tonkin  Gulf.  Apparently 
by  extension  from  Pakhoi,  plague  has  invaded  Canton  and  Hong-Kong- 
in  Eastern  China,  and  thence  obtained  an  almost  world-wide  distri- 
bution. 

(6)  Central  Africa,  in  a  district  of  which  the  endemic  centre  appears 
to  lie  about  Ugandii,  just  under  the  Equator. 

(7)  A  district  of  Siberia,  in  the  Trans-Baikal  province,  where  a  disease 

ap|>arently  identical  with  plague  is  sometimes  communiciited  to  man  from 

a  rodent  animiil,  the  Tarbagan  marmot  (n^t'p.  377).     It  is  almost  certain 

that  there  are  other  centres  of  plague  in  Siberia  and  Central  Asia  which 

at  present  cannot  be  clearly  defined. 

The  localities  above  named  appear  to  be  independent  endemic  centres 
of  the  disease,  since  no  communication  can  be  traced  between  them. 

These  localities  are  all  in  the  temperate  zone,  with  the  excei)tion  of 

the    Azir   district,    which    lies   just   within    the    tropics,    and    Uganda, 

"which  is  just  on  the  Equator ;    but  they  have  hardly  another  physical 

feature  in  common.     Plague  prevails  in  Benghazi  on  a  i*ocky  plateau 

overlooking  a  marshy  district  liable  to  inundation  ;  on  the  banks  of  the 

Tigris  and  Euphrates,  and  on  part  of  the  shores  of  the  Caspian  in  low 

and  marshy  situations.     But  the  mountains  of  Kuixlistiin  ai-e  5000  to 

COOO  feet  high  ;  and  the  Himalayan  seat  of  the  plague  approaches  7000 

feet  above  the  sea ;  while  in  Yunnan  the  disease  is  siiid  to  occur  only 

J^t  elevations  of   from   1200   to  7200  feet.      These  data  shew  the  old 

*^"ef  that  plague  prevails  only  in  marshy  and  malarious  districts,  or  has 

^^1  l^redilection  for  the  mouths  of  great  rivers,  to  be  entirely  unfoiuidcd. 

*ndeecl  the  most  persistent  foci  of  plague  now  known  are  in  mounUun 

^'s^ricts.      The  social  conditions  of  these  regions  are,  however,   more 

ttniform,  aud  will  receive  special  consideration  later. 

"^^Vo  Strains  of  Plague. — Of  these  endemic  seats  of  plague  ( 1 )  and 

W  a.r^  unimportant,  while  (6)  and  (7)  are  as  yet  imperfectly  known. 

Ine  I'^maining  three  only  are  of  importance  in  relation  to  the  persistence 

-and  8j>pead  of  plague.     No.  3  comprises  a  large  district,  various  parts  of 

which,    have  been  frequently  visited  by  plague,  but  in  which  the  most 

pemuitient  endemic  focus  appears  to  be  in  the  highlands  of  Kurdistan  and 

P*rt/   of  Persia.     It  has  made  frequent  extensions  into  Persia,  Armenia, 

Irak,  Turkish  Arabia,  the  shores  of  the  Caspian,  and  rarely  the  Black  Sea, 

while   in  former  days  it  supplied  the  epidemics  of  plague  in  the  Levant. 

ror   tihe  sake  of  a  name  this  may   be  calhnl   the   Western   Asiatic    or 

lievantine  plague.     (4)  and  (5),  though  far  apart,  may  be  taken  together, 

«mce    the  mountains  of  Yunnan  are  an  extension  eastward  of  the  great 

Himalayan  range,  and  the  disease  in  these  two  centres  appeai-s  to  be  so 
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identical  in  its  natural  histgry.  These  two  constitute  the  Himalayan  %xA 
Chinese,  or  together  the  Indo-Chinese,  centre.  It  is  the  Yunnan  pligue 
which  has  become  so  widely  diffused,  not  only  in  the  far  East,  but  iiearlT 
all  over  the  world,  and  exhibits,  wherever  it  takes  root,  the  features  d 
the  original  plague  of  that  region. 

It  is  important  to  observe  that  the  disease  in  the  two  great  centres 
above  indicated,  and  their  secondary  foci,  are  not  precisely  alike,  bat 
present  variations  not  constituting  two  distinct  varieties,  but  different 
drains  comparable  to  the  different  strains  of  yeasts  which  prolnfe 
different  kinds  of  fermentation. 

The  Eastern  Asiatic  strain  is  distinguished  by — (1)  The  frequent 
occurrence  of  epidemics  of  Pestis  minor  or  mild  plague.  (2)  The 
absence  of  any  observed  connexion  with  the  epizootic  disease  in  rodents. 
(3)  More  frequent  self-limited  epidemics.  (4)  Consequently  less  marked 
|)ower  of  extension ;  for  the  Eastern  Asiatic  epidemics  have  not.  io 
modern  times,  travelled  very  far.  (5)  On  the  whole  less  virulence  and  a 
lower  case-mortality.  The  mortalit}'  at  Baghdad  and  other  places  in  Ink 
was  from  55  to  52  per  cent,  only  in  isolated  epidemics  rising  to  90  per 
cent  or  more.  In  Egypt,  before  the  final  extinction  of  plague  in  the  Ufl 
century,  it  was  as  low  as  33  per  cent.  In  India,  on  the  other  hand,  the 
general  case-mortality,  accoi-ding  to  Dr.  Simpson,  was  70  to  iJa  per  cent, 
in  Hong-Kong  89  to  96  per  cent,  though  in  Europeans  it  was  much  le»; 
and  less  also  in  other  countries  where  the  plague  has  been  introduced 
(6)  The  pneumonic  form  with  hiumoptysis  is  decidedly  rare  though  not 
unknown.  There  do  not  api>ear  to  be  any  marked  differences  in  the 
symptoms,  but  the  old  Western  Asiatic  plague  has  not  yet  been  examined 
with  the  same  scientific  accuracy  as  recent  epidemics  of  the  Indo-Chineie 
plague.  At  present  there  are  no  observations  shewing  any  difference  in 
the  bacilli. 

The  characters  of  the  Indo-Chinese  plague  are,  as  contrasted  with  tb*?" 
other  form — ( 1 )  An  almost  invariable  connexion  with  great  mortality 
among  rats,  and  less  frequently  among  other  animals.  (2)  Less  frequen't 
occurrence  of  epidemics  of  7'/.s7/.s  viiiiar,  though  it  is  possible  thil^ 
farther  observation  may  shew  these  to  be  commoner  than  has  beerB- 
supposed.  (.'>)  Kemarkable  power  of  extension,  as  shewn  in  its  spresA 
over  a  large  part  of  India  and  conveyance  to  many  other  countries.  (4^ 
In  geneial,  iutenser  virulence  and  higher  case  -  mortality.  (5)  Thr' 
pneumonic  form,  accompanied  by  haemoptysis,  is  much  commoner. 

Further  observations  may  shew  that  some  of  these  i)oints  of  difference 
between  the  tMo  strains  are  less  distinct  than  they  now  ap{)ear,  but  thr 
striking  contrast  in  the  relation  of  the  two  forms  of  plague  to  disease  iiL 
rats  will  always  remain  a  historical  fact,  as  has  been  pointed  out.     Theses 
(litrercnces  confirm  to  somt;  extent  the  views  of  the  great  epidemiologi^K^ 
Ilirsch,   who   regarded   the   Indian   plague   as  a  variety   of   the  disfltf^^ 
distinct    from     the    Levantine    or    Oriental    form,    being   characteriseL3- 
esf)e(ially   by   the    occurrence   in   the   former    of    pneumonia,   which  Ifc-^ 
justly  remarks  is  very  rarely  recorded  in  the  latter  form.      Bnt  aft£2-** 
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oting  the  prevalence  of  pneumonia  and  hfemoptvsis  in  the  epidemic  of 
etlaiika,  Hirsch  ahandoned  the  idea  of  two  varieties  of  plague,  which, 
owever,  has  still  much  to  be  said  in  its  favour.  It  is  important  to 
jinember  that  as  the  plague  now  widely  distributed  over  the  world  is 
le  Yunnan  plague,  all  modern  observation  and  research  on  the  subject 
ince  1894  have  dealt  exclusively  with  this  variety  of  the  disease. 

Endemic  ri<igv€  in  Rehiion  to  th€  Soil. — In  places  where  plague  has 
een  long  established  there  are  certain  relations  which  connect  it  with 
be    soil.     It  persists  in  certain  regions,  not  distinguished  by  physical 
haracters  from  others  where  it  never  occurs.     Within  these  regions 
t  wll  recur  year  by  year  or  in  successive  epidemics,  at  the  same  spots, 
ven  in  the  same  houses.     Francis  observed  at  Kumaon  two  villages  on 
he   same  mountain,  with  the  same  aspect,  scarcely  500  yards  apart, 
>f  which,  at  every  visitation  of  plague,  one  always  escaped  while  the  other 
iuffered.     In  cities  where  a  notable  part  of  the  population  lives  on  the 
cvater  in  boats  and  barges,  it  has  more  than  once  been  noticed  that  such 
persons   have  entirely  escaped  the  plague.     It   was  so  in  London  in 
1665:   and  also  recently  in  Canton,  where    250,000    people    live  and 
sleep  on  the  water.     Another  point  bearing  in  the  same  direction  is  the 
tlow  pace  with  which  plague  spreads  on  land,  quite  unlike  those  diseases 
like  sinall-pox,  measles,  etc,  which  are  propagated  by  contagion  ])assing 
tkrough  the  air.     Boghurst  states  that  in  London  in  1665  the  plague 
took  six  months  to  i)as8  from  Westminster  to  Stepney  through  the  City. 
Observations  on  the  occurrence  of  plague  in  rats  and  other  animals  living 
under  ground,  point  in  the  same  direction.     These  and  other  considera- 
tions shew  that  there  is  some  close  connexion  of  the  plague  virus  with 
^^e  soil,    and   the   view    that  plague  is   originally  a    *soil  disease'    is 
*"gpesteil.      This  has  been  the  popular  belief  in   many  parts  of    the 
World,  and  was  dimly  perceived  by  many  old  physicians  (e,g,  Boghurst 
jn  the  seventeenth  century)  though  clogged  with  other  quite  luitenable 
")T>otheses.     In  the  eighteenth  century  and  later  the  strong  belief  in 
<»nta^on    banished    the    soil    hypothesis,    but    observations    in    India 
^^v-efl   it      C.    R.   Francis   explained   thus   the   origin    of   plague   in 
*VmnHon  in    1853.      Liebermeister   suggested   that   it  was    proba})ly  a 
'^^^'isimatic '  as  well  as  a  contagious  disease,  and  it  was  provisionally 
Wop  ted  by  myself  in  the  EncyclojHTdiii  Britannica  and  elsewhere.     Dr. 
"'^^^liton  has  brought  it  into  connexion  with  Pettenkofer's  *  soil- water ' 
hypotheses.     It  is  not  refuted  or  weakened  by  the  demonstnition  of  the 
*c^llU8  as  the  cause  of  plague,  but  recent  researches  make  it  possible 
**f  ^  ^  the  virus  persists  in  animals  living  under  gi'ound  rather  than  in  the 
oil  Itself.     The  question  of  the  presence  and  behaviour  of  the  bacillus 
"  ^*^e  soil  under  varying  conditions  is  dealt  with  on  p.  309. 
.    'yhiion   of   Pkigue   to    Climate   and    Temperature. — Its    geographical 
^•'^l:>ution  shews  that  plague  is  not  exclusively,  or  even  predominantly, 
^"^r^ical  disease.     It  prevails  widely  in  the  temperate  zone  :  even  its 
n         permanent   endemic    seats   in   India   and    China,    the    Himalayan 
^S^ss  and  Yunnan,  are  outside  the  tropics,  and  its  greatest  epidemic 
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prevftlenue  in  Bumbity,  Bengal,  and  other  parU  to  which  it  has  a)inid 
has  been  on  the  mai'gin  of  the  tropiual  zone,  «  few  degrees  south  rf 
the  tropic  of  Cancer.  The  presidency  of  Madras  has  been  conapicuooJj 
less  affected  than  other  parts  of  India,  and  its  southern  provinces  hiw 
shown  only  a  few  sporadic,  probably  imported,  cases.  The  only 
endemic  centres  strictly  within  the  tropics  are  Assyr  in  Arabia,  wl 
Uganda  in  C-entral  Africa.  In  South  America  the  places  where  imiwrUd 
plague  has  been  most  conspiciioua — -Santos,  Asuncion,  Rosario— are  ont 
side  the  tropical  zone.  Destructive  epideniics  have  occurred  even  amid 
the  snows  of  northern  Russia,  at  St.  Petersburg  and  Moscow.  Tie 
general  conclusion  seems  to  be  that  while  plague  may  prevail  tn  alniMt 
any  climate,  its  seats  of  predilection  are  in  warm  temperate  regions,  Or 
the  Ijordera  of  the  tropical  zone.  This  distribution  appears  to  be 
determined  by  the  relations  of  plague  to  the  temperature  of  the  sir. 

Seosoval  Rvlatwns  of  Flatfuc. — In  places  where  plague  is  endetnit^ » 
breaks  out  from  time  to  time  in  an  epidemic  form.  The  precise  Uw 
governing  epidemics  of  plague  are  not  known,  but  they  have  an  eriilent 
relation  to  seasonal  changes.  In  northern  countries  epidemics  genecnll}' 
begin  in  the  spring,  increase  during  the  summer  without  being  checked 
by  heat,  and  reach  a  maximum  about  September.  In  the  winur  tli» 
disease  mostly  dies  out  or  lies  dormant  till  the  following  spring 
There  have,  however,  been  epidemics  which  have  continued  throujb 
the  cold  even  of  a  Russian  winter  (Moscow,  Lower  Volga,  1878-79)- 
In  Egypt,  when  the  plague  was  prevalent  there,  epidemics  used  to  b^ii 
in  autumn,  continuing  through  the  winter,  but  ending  abniptly  abcMt 
midsummer,  when  the  hot  winds  from  the  south  began  to  blow.  In 
India  the  epidemics  have  mostly  begun  ^bout  October,  continuing  throng 
the  winter,  reaching  their  greatest  intensity  in  March  or  April,  sua 
subsiding  in  June  ;  so  that  a  comparatively  low  mortality,  but  not  in 
actual  cessation,  occurred  in  July,  August,  and  September.  In  AusOsli* 
the  relation  of  plague  to  the  seasons  has  been  analogous  to  thai  ib 
Europe,  mutatis  mniandis. 

The  general  conclusion  from  these  observations  is  tliat  aumwr 
heat  in  hot  climates  and  winter  cold  in  temperate  climates  checks  trr 
extinguishes  plague,  temperatures  below  50"  F.  or  above  85"  beil^ 
decidedly  unfavourable  to  it.  In  Mesopotamia  a  tempemture  of  8fi 
chocks  an  epidemic,  while  one  of  113°  absolutely  bIo[»  it.  In  Hui^ 
Kong  a  temperature  almve  63^  caused  a  decline  of  the  epidemic  till  tl>* 
following  spring.  In  Bombay  there  is  a  fall  in  the  mortality  when  tbff 
temperature  is  82"  or  even  80". 

In  Kumaon,  Francis  found  the  epidemic  to  continue  when  tbf 
temperatiu-e  was  85"  or  even  105"  in  moist  air,  but  a  lower  temperataff 
would  check  or  stop  it  if  the  air  were  dry.  Dr.  Simpson  states  thai  in 
Sind  small  epidemics  have  occurred  with  an  air  temperature  betwMn 
110°  and  120°,  but  they  are  very  rare. 

Epidemics  of  plague  may  last  from  three  to  eight  months,  but  ill* 
longer  period  is  exceptional.     There  is  no  obvious  cause  except 
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riiges  for  the  termination  of  an  epidemic.     It  is  remarkable,  however, 

L.cm.t  when  the   plague   begins  to  decline,  its  infectivity  as*  residing  in 

>^«j»ses,  bedding,  clothing,  or  other  objects  which  have  been  in  contact 

i  oil   the    sick,   is   rapidly    or  almost  suddenly   lost,    so   that    healthy 

sons  may  almost  with  impunity  return  to  infected  houses  and  sleep 

infected  beds.     This  was  observed  in  the  London  Plague  of   1665, 

also  repeatedly  in  Constantinople,   Egypt,  and   the  Levant,  w;hen 

plague  prevailed  in  those  places,  as  well  as  at  Bombay  in  1897-98. 

precise  explanation  can  be  given  of  this  phenomenon. 

Periodical  Recurrence  of  Plague. — While  remaining  fixed  in  one  spot, 

le  varies  very  much  in  prevalence  and  intensity.     The  disease   is 

ticularly  liable  to  recur  in  periodical  outbreaks  ;  and  in  the  countries 

i^ffected  popular  belief  has  sometimes  assigned  a  definite  number  of  years, 

evicli  as  seven,  for  the  interval.     There  is,  however,  no  such  regularity ; 

©oinetimes  a  great  epidemic  is  followed  by  several  years  of  apparent 

inxtnunity,  sometimes  the  disease  recurs  several  years  in  succession.     The 

interval  of  apparent  health  is  probably  often  filled,  not  so  much  with 

sporadic  cases  of  severe  plague,  as  with  minor  plague. 

The  causes  of  the  development  of  minor  into  severe  plague,  and  of 
the  production  of  an  epidemic,  are  very  obscure.  For  various  reasons  it 
cnnnot  depend  upon  the  number  of  susceptible  persons  in  the  population; 
the  causes  nuist  be  physical,  affecting  the  biology  of  the  plague  bacillus 
whether  in  or  out  of  the  body.  The  best-established  fact  is  that  epi- 
demics in  temperate  climates  have  often  (but  not  constantly)  been  preceded 
^J  a  long  drought.  In  hot  climates,  as  in  Bombay,  a  recent  wet  season 
Mcms  to  favour  the  pro<luction  of  an  epidemic.  Epidemic  diseases 
among  animals,  failure  of  crops,  great  abundance  of  lower  forms  of  life — 
8uch  as  flies — and  numerous  other  physical  incidents,  have  been  also 
described  as  preceding  or  accompanying  plague,  but  are  of  little  moment. 
Wore  important  are  social  conditions.  Many  epidemics  of  plague  have 
followed  on  famines,  wars,  and  other  calamities,  which  produce  destitution 
and  lowered  stAte  of  health.  Other  fevers  have  sometimes  been  observed 
^  prevail  at  the  same  time. 

Conditions  favouring  the  continued  Existence  of  Plague. — It  has  been 

•^n  that  no  physical  conditions,  except  temperature,  have  much  effect 

on  the  prevalence  of  plague.     But  certain  social  conditions  have  a  gi'eat 

influence,  and   seem  almost  indispensable   to  an    endemic   seat   of    the 

disease.    The  first  of  these  is  imcleanliness.     All  the  localities  in  which 

plague  flourishes  are  conspicuously  filthy.     The  villages  in  Mesopotamia 

were  in  an  incredible  state  of  dirt  (Colvill).     The  sufferers  from  Indian 

Himalayan  plague  were  filthy  beyond  conception  (Francis) ;  the  habits  of 

^®  poorer  classes  of  Chinese  in  Hong-Kong  and  Canton  are  notoriously 

^    the  same   kind.     A  soil   contaminated    with    faecal    discharges    and 

^^ying  animal  matter  of  all  kinds  appears  to  be  an  essential  condition 

-      ^oe  vitality  of  the  virus.     Among  other  causes  of  contamination  must 

ootlu^^   cadaveric  infection   from  bad   customs  of  burial.     This  was 

"'7  observed  in  the  Indian  seats  of  plague,  where  the  rocky  nature 
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of  the  soil  offers  obstacles  to  efficient  burial;  in  Yunnan  also,  and  fomu 
in  Egypt.  *  Dr.  Creighton  regards  this  as  the  dominant  cause,  but 
general  bearing  of  testimony  hardly  confirms  his  opinion.  The  bo 
of  those  who  die  of  the  plague  among  or  Avithin  dwelling-bouses  has  of 
however,  been  a  potent  means  of  continuing  the  infection  ;  such  bo 
contain  bacilli  in  enormous  numbers,  and  contagion  from  dead  bodii 
imdoubtedly  possible.  Overcrowding  of  dwelling-houses  (not  necem 
correlative  with  density  of  population)  and  absence  of  ventilation 
also  powerful  contributory  causes.  These  conditions  are  conspicuo 
prevalent  in  Hong-Kong  and  Canton ;  also  in  Bombay  and  other  Iiw 
cities.  But  of  all  social  conditions  poverty  and  general  social  mi 
seem  to  be  the  most  influential.  The  poor  are  always  the  chief,  sc 
times  almost  the  only  sufferers,  as  shewn  by  such  epithets  as  mil 
morbus,  or  the  "  the  poor's  plague,"  often  given  to  the  disease. 

But  since  destitution  and  uncleanliness  are  prevalent  in  so  n 
parts  of  the  world  where  plague  has  never  been  heard  of,  these  miui 
regarded  as  favouring,  or  perhaps  essential,  conditions  for  the  disc 
rather  than  as  accounting  for  its  origin. 

Plague  as  a  communicable  Disease. — Unlike  true  soil  diseases — sud 
tetanus — there  can  be  no  doubt  that  plague  is  communicable,  both  f 
the  sick  to  the  healthy,  and  from  an  infected  place  to  one  i)revio' 
uninfected  ;  but  the  extent  and  nature  of  this  communicability  have  I 
the  subject  of  active  controversy. 

Communication  of  the  ordinary  form  of  plague  from  the  sick  dire 
to  the  healthy  is  rare  and  does  not  take  place  especially  by  coni 
as  was  formerly  believed  (hence  the  word  contagion,  with  its  f 
connotations,  is  better  avoided),  but  by  the  atmosphere  of  the  sick-r^ 
or  of  the  house  itself,  or  by  objects  in  the  house ;  this  may  be  lar^ 
if  not  completely,  obviated  by  abundant  ventilation.  It  may  be  < 
cult  to  say  in  some  cases  whether  the  infection  is  acquired  from 
patient  or  from  the  house ;  but  it  is  pretty  clear  that  communica 
of  plague  from  one  person  to  another  in  the  open  air,  or  by  ca 
meeting,  is  very  rare,  if  it  ever  occur.  The  pneumonic  form  of  plsj 
on  the  other  hand,  is  extremely  contagious.  The  transmission  of 
fection  by  clothing,  bedding,  or  other  objects,  that  is,  in  the  old  phi 
by  fomiteSy  cannot  be  (questioned,  though  many  exaggerated  st 
ments  have  been  made  on  the  subject.  Kecent  observations  on 
subject  do  not  shew  merchandise  to  be  an  important  vehicle  for 
transmission  of  plague,  except  corn,  and  this  only  through  its  asso 
tion  with  rats,  as  was  seen  in  South  Africa,  at  Cape  Town,  and  I 
Elizabeth,  where  the  plague  was  brought  by  fodder  and  grain  fi 
South  America.  In  Japiin  infection  was  traced  to  bales  of  cotton. 
"  gunny  bags  "  used  for  holding  grain  were  a  means  of  infection  in  tw 
In  Egypt  rags  were  suspected. 

Those  who,  like  the  French  physicians  in  Egypt,  denied  contag 
alto.uether,  did  so  chiefly  on  the  ground  of  their  own  personal  immoni 
though  they  attended  thousands  of  patients,  and  performed  many  pc 
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OK*tem  examinations.     One  of  them,  Bulard,  even  wore  the  clothes  of  a 

cnt  who  had  died  of  plague,  and  Clot  Bey  tried  in  vain  to  inoculate 

self  \i'ith  matter  from  a  pestilent  bubo.     But  an  English  physician, 

ite,   lost    his    life   by   an   inoculation   experiment.      Many    similar 

tive  instances  are  on  record  ;  but  much  negative  evidence  is  not  so 

lusive  with  regard  to  infection  as  a  few  positive  cases.    On  the  whole, 

truth  appears  to  be  that  during  different  epidemics  and  at  different 

8  of  an  epidemic,  plague  differs  much  in  its  contagious  property,  as 

does  in  its  vinilence ;  so  that,  broadly  speaking,  it  is  highly  communi- 

bl>1e  at  some  times,  and  very  slightly  so,  if  at  all,  at  others. 

In  explanation  of  cases  where  communication  cannot  be  traced,  it 
hould  be  noted  that,  besides  rats  and  the  like,  domestic  animals  may 
^nvey  germs  of  disease.  It  has  been  thought  that  lice,  bugs,  fleas  of 
various  species  may  convey  the  infection,  but  this  supposition,  though 
ID  some  cases  sufficiently  proved,  has  not  been  shewn  to  be  the  usual 
or  a  frequent  mode  of  communication  (c/.  p.  375). 

Transmission  of  plague  from  one  place  to  another  not  previously  in- 
fected must  also  be  regarded  as  well  established ;  though,  doubtless,  this 
may  have  been  wrongly  assigned  as  the  cause  of  purely  local  outbreaks. 
.  That  this  is  possible  by  means  of  infected  ships  is  clearly  proved  by  the 
records  of  the  Quarantine  at  Marseilles  (quoted  by  Prus),  when  in  several 
iitttances  the  infection  was,  so  to  speak,  caught  on  the  sieve — that  is  to 
»y,  the  infected  ships  gave  rise  to  cases  of  plague  within  the  quarantine 

■  rtation,  of  which  some  were  fatal  Of  late  years  numberless  instances 
.  k»ve  occurred  of  the  transmission  of  plague  from  Hong-Kong  and  other 
if  Chinese  [>orts  to  many   parts    of  the  world,  and    from   the   secondary 

centres  thus  established  back  again  to  Europe  and  to  Africa,  so  that  at 
;  Ae  present  time  this  mode  of  transmission  constitutes  a  serious  danger. 
t  The  most  important  means  of  transmission  is  through  the  medium  of 
;  ■hip-rats  affected  with  plague.  Mortality  among  rats  on  board  ships 
-.  having  ports  infected  with  plague  has  often  been  observed.  In  ships 
ttng  infected  cases  of  plague  have  sometimes  occurred  among  the  crew  or 
pwsengers,  but  not  always,  for  the  disease  spreads  from  rats  to  men  only 

■  "7  casual  opportunities ;  but  persons  employed  in  unloading  the  cargo 
-;  have  been  infected,  and  rats  leaving  the  ship  have  carried  the  infection 
^   uihmd.     By  this  disease  of   rats  plague   has  been  conveyed  on  longer 

voyages  and  over  greater  distances  than  would  be  possible  if  the  infection 

were  carried  by  cases  of  human  disease  only.     For  human  beings  sick  of 

plague  would  either  die  or  recover  before  the  end  of  a  long   voyage. 

Transmission  by  land  for  short  and   sometimes  considerable   distances, 

IB  also  well  established.     In  the  London   Plague  of   1665,   toMiis    and 

^^gea  in  communication  with  London  became  affected,  though    they 

were  previously  healthy,  and  had  not  suffered   from  plague    for  many 

jears,  if  ever.     The  infection  is  doubtless  generally  conveyed  by  persons 

*'t"er  a^ected  with  the  disease  or  in  the  stage  of  incubation.      Such 

^^y?/l^  convert  the  house  they  occupy  into  a  focus  of  infection,  till 

^^  V  the  Tirus  passes  either  into  the  soil  directly,  or  into  animals  such 
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as  rats ;  and  thus  a  permanent  source  of  infection  is  establisy. 
Conveyance  by  means  of  infected  objects  is  doubtless  possible,  but  ^ 
ably  much  rarer.  In  India  there  were  several  well-esfciblished  instaitti 
of  conveyance  of  plague  to  cities  and  villages  by  human  intercourse  qinit 
indepenclently  of  rats.  At  Satara  the  first  epidemic  was  produced  1? 
human  intercourse  alone,  whereas  in  1898-99  rats  were  affected  beidi 
human  beings  (Thomson).  In  the  Punjab  forty-seven  out  of  sixtv-tli* 
villages  were  infected  by  the  arrival  of  infected  peraons.  In  some  At 
infection  was  brought  by  a  single  person  affected  with  mild  pligK 
(James).  But  it  has  happened  that  the  infection  thus  brought  hasta 
fallen  upon  the  rats,  and  afterwards  attacked  human  beings. 

With  regard,  however,  to  this  mode  of  transmission,  it  should  k 
observed  that,  according  to  old  and  sound  tradition,  the  plague  doo  b< 
spread  when  it  is  sporadic,  but  only  when  it  is  in  an  epidemic  form 
Furthermore  its  diffusibility  varies  as  much  as  its  contagiosity  in  th 
narrower  sense,  being  very  marked  in  great  epidemics,  very  slight  Jf 
self-limited  in  others.  Many  epidemics  have  burnt  themselves  outd 
the  spot,  or  travelled  but  a  few  miles  ;  others  have  spread  over  whole 
continents.  Generally  successive  epidemics,  if  unchecked,  cover  fsA 
time  a  somewhat  wider  area. 

The  rate  of  extension  is  also  variable,  but  is  generally  slow.  PligM 
has  taken  weeks  or  months  to  ptiss  from  one  side  of  a  city  to  another; 
it  creeps  along  from  point  to  point,  so  as  to  be  compared  by  some  toi 
drop  of  oil  on  paper.  Such  gradual  extension  suggests  the  slow  progm 
of  a  virus  in  the  soil  itself,  and  probably  that  is  in  some  places  tkl 
explanation  ;  but,  obviously,  only  transmission  through  short  distancci 
can  be  thus  accounted  for.  The  migration  of  rats  affected  with  phg» 
may  in  some  cases  be  the  explanation. 

Transmission  by  the  air  cannot  be  said  to  be  imi)0S8ible,  and  f* 
once  much  dreaded  ;  but  while  this  may  be  possible  through  distance 
measured  by  yards,  it  can  hardly  be  so  through  distances  measured  If 
miles  (r/.  p.  3 GO). 

Morbid  Anatomy. — Full  accounts  were  made  up  by  the  Freni 
physicians  in  Egypt  in  1834-35  according  to  the  pathology  of  that  cUfi 
and  agree  in  the  main  with  the  recent  much  more  elaborate  descriptio* 
A  very  characteristic  feature  is  that  of  engorgement  and  hsemorriuig^ 
the  (extravasation  from  the  veins  affecting  nearly  every  part  of  th 
body  (Simpson).  The  bodies  of  plague  pjitients  do  not  undergo  vfl^ 
rapid  decomposition,  except  in  the  septicemic  form.  The  centfll 
nervous  system,  especially  the  bniin,  is  deeply  congested ;  the  bn* 
substance  in  some  instiinces  is  softened,  and  the  blood-vessels,  espcO" 
ally  the  veins,  much  engorged.  The  lungs  are  much  congested,  a» 
(edematous  especially  in  their  posterior  parts,  with  small  h»morrhigCi 
in  their  sul)stance  an<l  on  the  surface  ;  as  well  as  on  the  costal  iJ 
diaphragmatic  pleunt?.  The  larynx,  trachea,  and  bronchi  skew  catarrW 
inflammation,  with  (^dema  of  the  glottis  in  some  cases.  BrondW" 
pneumonia   is  a  common    complication.     It    is    described  by  Diirck  <* 


conflueni  lobular  pneumonia  or  lobnlnr  hepHtisfttion.  Embolic  abscesses 
»re  found  in  some  cases.  The  pcricjinlium  eutiiains  an  excess  of 
ftiiii!,  freijiiently  blood-staineil,  with  ecchymoBes  on  both  surfaces.  The 
right  side  of  the  heart  is  dilated  with  black,  imperfectly  coagulated  blood, 
tiul  ihe  whole  venous  system  is  engorged.  The  veins  of  Ihe  trunk  when 
cDl  oprn  rlisplay  numerous  small  haemorrhages,  which  in  the  vicinity 
of  i  bubo  become  biemorrhagic  patches  of  considerable  size  (Simpson). 
The  heart  substance  is  pale,  and  sometimes  softened.  The  stomach  and 
■null  int«stine3  may  contain  blood-stained  Huid,  sometimes  actual  blood, 
ih«  nirfnce  shewing  intense  venous  congestion  ;  but  Mr.  Cantlie,  in  Hong- 
Rong,  found  no  congestion  of  these  parts.  In  a  few  cases  superficial 
atceratioiie  have  been  noted.  The  Foyer's  patches  are  not  generally 
*ffMi9d,  but  in  some  cases  are  swollen  and  ulcerated.  The  large 
iaUatint  is  comparatively  normal.  The  peritoneutn  is  described  as 
fhawing  great  vascular  congestion,  with  hemorrhages  into  the  mesentery. 
The  mesenteric  and  retroperitoneal  glands  are  generally  enlarged  and 
■iimetiiiics  shew  much  inflammation  and  hcemorrhagic  infiltration,  which 
I'r.  SinipsoB  says  was  especially  noticeable  in  Hong-Kong.  The  liver 
"*;  found  enlarged  by  the  French  pathologists,  sometimes  considerably  ; 
''"t  Mr.  Cantlie  found  no  notable  enlargement :  its  substance  is  pale  and 
ntwniic,  and  presents  the  appearance  of  cloudy  swelling.  Embolic 
slwesses  may  occur  (Diirck).  Htemorrhage,  interstitial  or  superficial,  is 
foimd  occasionally.  The  spleen,  according  to  all  observers,  is  gi'eatly 
^lvg«d.  The  kidneys  are  sometimes  enlarged,  and  occasionally 
lirewnt  hi^morrhngic  patches  ;  Mr.  Cantlie  describes  their  histological 
iippeurance  as  being  that  of  cloudy  swelling.  The  general  appearance  is 
''^t  that  of  the  scarlatinal  or  septic  kidney,  and  special  changes  occur 
in  the  glomeruli,  due  to  the  passage  through  them  of  plague  bacilli,  which 
"«  »l»o  found  in  the  urine  (Diirck). 

The  one  characteristic  sign  is  inflammation  and  swelling  of  the  in- 
'•^inl  lymphatic  glands,  a  condition  always  present  even  when  the 
unerrial  glands  are  not  notably  enlarged.  All  groups  of  lymph-glands 
■""y  he  affected  so  as  to  form  continuous  chains,  the  cervical  being 
""il*!!  with  the  mediastinal  and  bronchial;  the  inguinal  with  the  groups 
'umm oiling  the  iliac  vessels  and  aorta,  and  with  the  pelvic  glands,  and 
*  "ru  The  mesenteric  glands  are  least  fre([ueiitly  affected,  Aggloni- 
'^led  gliiiida  may  form  masses  weighing  as  much  aa  two  jjounds.  In 
'"'wtaiice  they  are  sometimes  red,  congested,  and  hard,  sometimes  soft 
*i''  fiiscoloured,  sometimes  breaking  down  into  a  pulp.  The  surroimdlng 
^i«M  is  infiltrated  with  serous  fluid,  and  often  shews  extotvasation  of 

It  is  evident  that,  apart  from  the  condition  of  the  lymph-glands  and 
flifdiffusehiemorrhage,  there  is  nothing  distinctive  in  the  morbid  anatomy 
of  plague.  Sir  T.  Fraser  remarks  that  the  vascular  changes  and  pervading 
lemieney  lo  hsemorrhage  closely  resemble  the  results  of  the  toxa?mia  set 
Njj  by  certain  kinds  of  snake  poison, 
-forms   of  Pla^e. — It   has  been   generally  recognised    that   plague 
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occurs  in  two  forms  distinguished  chiefly  by  their  severity,  the « 
having  been  called  Pestls  minora  or  mild  bubonic  plague,  the  other,  Pflfc 
7tiajo/'y  or  severe  bubonic  plague,  which  present  different  forms  or  typti 
But  recent  observers  prefer  to  classify  the  cases  under  three  main  h«iiiJ: 
viz.  Bubonic,  Septicaemic,  and  Pneumonic,  according  as  the  glands,  tit 
blood,  or  the  lungs  are  mainly  affected.     These  three  forms  are  n* 
absohitely  distinct ;  they  may  be  combined,  or  one  form  may  pass  iali 
another,  but  other  special  symptoms  are  generally  associated  with  «4 
variety.     The  mild  or  minor  form  seems,  however,  to  deserve  Bpecil 
mention,  and  thus  we  have  four  varieties  or  forms : — (1)  Mild  babonin 
(2)  Severe  bubonic,  (3)  Pneumonic,  (4)  Septicsemic. 

I.  Mild  Bubonic  Plague  or  Pestis  Minor  has  received  of  late  yetf 
less  attention,  because  it  does  not  form  a  part  of  the  severe  |Jipf 
epidemics,  and  does  not  seem  to  be  so  characteristic  a  form  in  Indian  or 
Chinese  plague  as  in  the  other.  But  in  various  parts  of  the  world  itb 
been  observed  to  prevail  unchanged  for  periods  of  weeks  or  months,  k 
is  often  the  precursor  of  severe  epidemics,  and  in  such  cases  the  incrM 
in  severity  is  sometimes  gradual,  but  more  often  a  sudden  developneit 
into  the  severe  form  occurs.  The  bacillus  has  been  found  in  mian 
plague  by  recent  observers.  This  form  was  observed  in  MesopotaBi^ 
preceding  severe  epidemics  in  the  years  1873-77;  and  in  the  diji 
Astrakhan  in  1877,  the  year  preceding  the  severe  outbreak  of  1878-7!l< 
Vetlanka  in  that  province.  It  also  occurred  in  London  in  1664,  tb 
year  before  the  great  epidemic.  It  may  also,  in  plague  countries,  id^ 
a  severe  epidemic.  This  foi-m  is  distinguished  from  the  severe  buboiCj 
form  by  the  facts  that  it  is  never,  or  rarely,  fatal ;  that  no  contagioo  i 
observed,  and  that  it  is  not  transmitted  from  one  place  to  another,  < 
least  in  the  same  farm.  Mild  forms  of  plague  have  also  been  obserrti 
in  India  and  China  prevailing  as  epidemics,  but  perhaps  with  less  »• 
tinctness  than  in  the  Western  Asiatic  se^its  of  plague.  Further  observati* 
are,  however,  required.  Since  it  causes  only  a  slight  or  no  mortaDtfi 
this  form  of  plague  has  often  been  overlooked  or  misunderstood. 

In  some  countries  the  prevalence  of  a  disease  characterised  ¥ 
glandular  swellings  without  fever  has  been  observed  to  precede  epidefli* 
of  definite  plague.  This  happened,  for  instance,  in  Egypt  1 834-35,  vii* 
it  was  explained  as  due  to  an  aura  jmstileiUicB ;  in  Baghdad  1867,  •■ 
elsewhere  in  Mesopotiimia  ten  years  later ;  in  Hong-Kong  and  South** 
China  before  the  great  epidemic  (Cantlie).  This  affection  has  aUo  !*• 
called  fehris  inUnnittem  hubonica^  but  the  epithet  intermittens  is  ^ 
approi)riate.  Probably  these  were  all  instances  of  mild  plague;  W 
there  are  no  records  of  examination  for  bacilli. 

II.  Severe  Bubonic  Plague.^ — Inailathn. — The  latent  period  betwe* 
the  reception  of  infection  and  the  commencement  of  symptoBH  ^ 
imperfectly  known,  but  appears  to  be  generally  from  three  to  ^^t  ** 

^  In  tlii:^  sniniuary  the  accounts  piven  l)y  Dr.  C.ibiadis  aikI  Mr.  ColviU  of  pl»P**''rI 
hnvc  l»«*en  coiuMncMl  witli  the  niori?  important  anil  more  detailed  later  obsen'atioitf  ■** 
Indus  China,  und  other  parts. 
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Mt  l«n  dajB.  ObservAtioii  for  about  eight  days  may  therefore  be 
.  sufficient  to  shew  whether  u  suspected  person  is  or  is  not 
kteil,  but  ill  some  eases  this  period  may  have  to  be  prolonged. 
I  The  syiuptoins  of  plapue  vary  much  in  their  iutensily  and  relative 
unency  in  different  epidemice;  but  the  order  in  which  ihey  present 
DBulves  and  the  genera)  course  of  the  attack  »re  toleralily  uniform. 
I  Prodtvinal  Stage. — Often  the  onset  is  quite  sudden ;  but  when  pre- 
'tiary  symptoms  (prior  to  the  coming  on  of  fever)  are  observed  they 
« follows : — The  nervous  system  is  chiefly  afTected.  There  is  severe 
iiche,  vertigo,  staggering  gait,  and  appearance  suggestive  of  drunken- 
■  IMssing  into  lethargy.  Colvill  says— "The  patient  appears  absent' 
Bdcd,  moves  along  speaking  to  no  one,  enters  his  house  mechitnically, 
itting  the  door,  and  drops  on  to  his  bed,  as  if  in  despair  or  wander- 
I  in  his  mind."  The  pallid  face,  the  injected  eyes,  the  vacant  or 
led  expression  of  countenance,  with  inability  or  refusal  to  answer 
iHtions,  often  enable  an  experienced  eye  to  make  the  diagnosis.  With 
1  associated  the  usual  symptoms  of  acute  febrile  disease,  paine 
k  the  limits,  extreme  muscular  weakness,  and  intense  malaise.  The 
:  first  is  thickly  coated  on  the  doi'sum,  the  edges  being  red  ; 
r  it  l>©come8  extremely  dry  and  of  a  mahogany  colour.  Bilious 
miting  or  baematemesis  are  occasionally  the  initial  symptoms.  The 
lal  stage,  when  present,  may  last  a  few  bom's  or  a  day,  rarely 

i'fWfl  Stage. — Immediately  after  the  above  symptoms,  conciurently 
"i  them,  or  sometimes  from  the  beginning,  high  fever  comes  on, 
il  in  by  a  prolonged  rigor  or  repeated  shiverings.  The  temperature 
'  »  rapidly  to  102^  104^  or  even  to  107'  F.  and  higher.  The 
^  la  is  always  rapid,  from  90  to  120  or  130.  The  ma.Yimum  is  usually 
^UioMl  on  the  evening  of  the  second  or  third  day  ;  sometimes  on  the 
'iriit,  nu-ely  on  the  foiuth  day.  It  is  described  as  sometimes  very  small 
"4  thread-like,  at  other  times  not  especially  weidt.  Mr.  Cantlio  speaks 
"1  it  us  very  variable  in  force,  frequency,  and  character.  The  akin  is  at 
*"w  extremely  dry.  not  always  very  hot  to  the  touch.  There  is  excessive 
^iret,  with  a  sense  of  burning  in  the  throat  and  sti'jmach.  Constipation 
i>  the  rule  during  this  stage,  Nausea  or  vomiting  is  sometimes  observed, 
^'^m  the  extreme  weakness  the  decubitus  is  dorsal.  The  nen-ous 
'"'Hirhances  are  mainly  those  already  described ;  sometimes  they  pass 
'iilfl  Active  delirium,  more  often  into  lethargy  and  coma.  Insomnia  may 
^'tflttiate  with  drowsiness.  In  children  convulsions  may  occiu".  Weak- 
'iw»  or  loss  of  power  of  articulation  is  (according  to  I>r.  Jennings)  so 
'"i^Iait  as  to  be  practically  diagnostic  of  plague.  The  expression  of 
iini«ty  gradually  gives  way  to  apathy  from  want  of  control  over  the 
iVi»l  muscles.  The  duration  of  the  febrile  stage  would  appear  usually 
to  he  from  two  to  five  days,  but  sometimes  it  is  much  longer.  The  fall 
"f  temperature  is  generally  described  as  sudden,  and  It  may  not  rise 
i^ain ;  but  in  some  cases  a  recurrence  of  high  temperature  after  three 
or  four  days  is  observed.     lu  some  fatal  cases  the  rectal  temperature 
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after  death  ivaa  found  to  be  high.  In  cases  which  do  vrell  iheM  ii  i 
gradual  but  irregtibir  fail,  and  after  foiirteeu  days  the  t^mpenUnt  > 
oft«ii  eubnormal. 

Buboes  or  inflammations  of  lytnph-glniids  constitute  the  most  iiujiniitfi  I 
lUiJ  chamcteriatic  feature  of  plague.     They  are  rarely  wanting,  and  Ik 
only    in    uises    which    are    very    rapidly    fatal ;    and    especially  in  i 
pneumonic  form,  though  it  is  ditliuult  to  3»y  in  what  proportion  of  a 
they  are  ahaent,  since  in  the  panic  of  an  epidemic  they  may  )<e  uvV' 
looked.     The  leiTo  "  bubonic  plague  "  is  therefore  in  the  main  attunlft 

Buboea  are  in  some  instances  the  first  symptoms  to  attnct  im 
attention  of  the  piLtient,  [jerhaps  by  a  sudden  lancinating  pain.  Moe 
usually  they  occur  after  the  otiaet  of  fever,  on  the  secoad,  thin],  Eoonk, 
or  even  the  fifth  day  of  the  disease,  With  the  appearance  of  btiliMB 
there  is  often  some  abatement  of  the  fever  and  general  symptoms.  Thfl 
affbctetl  glands  are  generally  extremely  painful,  but  sometimes  i' 
enlai-gement  is  insidious,  and  only  detected  on  examination.  They  my 
enlarge  rapidly,  more  often  gradually.  Glands  are  usually  affecttd  ii 
groups,  but  generaliy  one  is  much  larger  than  the  rest,  At  first  the  ^ute 
are  extremely  hard,  and  in  fatal  or  very  severe  cases  may  retrain  this  d 
acter  to  the  last ;  in  other  cases  suppuration  occurs,  which  is  a  Into  tttt 
and  generally  regarded  as  a  favourable  sign.  It  is  often  more  pr«nl 
during  the  decline  of  an  epidemic  On  the  other  band,  nt]iid  sufteiusS 
flattening,  or  even  disappearance  of  a  bubo  during  the  height  of  ihesi 
is  sometimes  observed,  and  is  a  sign  of  the  worst  omen,  being  speedSJ 
followed  by  death.  It  was  so  in  London  in  IfieTi,  and  in  later  epWonie* 
ill  Irak.  Sometimes  the  skin  over  the  bubo  becomi;.''  gangren<«*> 
forming  n  carbnnele.  According  to  Mr.  Gantlie  great  cedema  surrwiml* 
the  glands,  converting  the  group  into  an  elevated  doughv  mIts^  m 
times  five  or  six  inches  in  diameter.  A  bubo  once  foimcd  iisuall;  Iwt* 
during  the  whole  of  the  attack.  In  suppurative  cases  whidi  ni«>ver  ih* 
process  may  l>e  prolonged  for  several  days,  or  even  for  some  weeks,  lud 
leave  formidable  scars,  the  diagnostic  marks  of  a  past  attack  of  pla^ 

The  size  of  a  bubo  does  not  generally  exceed  that  of  an  almoml  i>r  « 
walnut,  but  may  attain  that  of  an  egg  or  small  orange.  Small  anil  hs'^' 
buboes  are  regai-<led  as  of  more  serious  import  than  the  large  anil  hi(l 
In  the  majority  of  cases  (three-fourths  or  more  according  to  some  ol>servwsl 
only  a  single  prominent  swelling  occurs :  but  swollen  glands  are  w  bf 
found  in  other  regions  if  sought  for.  Generally  about  76  per  cent  or  mi^ 
of  the  cases  have  buboea  of  some  kind.  With  regard  to  MJiuiftm  •!' 
observers  ^;ree  that  the  inguinal  group  of  glands  is  most  frc<[a<nt)!' 
affected,  such  cases,  according  to  Cabiadis  and  Colnll  (if  with  theu  1" 
includes]  those  of  the  femoral  triangle),  making  40-50  jwr  cunt  of  iht 
total  number;  but  when  the  femoral  glands  have  been  distingiiith*^ 
from  the  inguinal,  the  former  appeared  to  bo  most  frequently  attacked 
Next  in  frequency  of  attack  eome  the  axillary  glands — in  35  or  30  pet 
cent  of  cases,  and  iu  a  larger  proportion  of  female  patients ;  the  cerrW 
and  submaxillary  or  other  glands  are  only  attacked  occasionally.     Somo 


mol  glanib,  especially  the  ^'arioiis  abdomiual  grouiis,  are  always 
d  uiAaraed  nn  poRt-mortcna  examiiintion.  In  four  different  sets  of 
n'atioiis  ill  India  the  pruportion  of  inguituil  {with  femoral)  glands 
ited  VHTied  from  63  to  70  per  cent,  of  all  cases  with  buboes.  The 
txy  glands  were  iiHected  in  15  to  30  per  cent,  the  cervical  in  5  to  15 
cent,  and  in  3  to  5  per  cent  there  was  multiple  gland  afl'eetion.  The 
lilt)'  was  generally  highest  in  the  cases  of  axillary  buboes.  It  has  beeir 
wt.ll  that  tlie  great  liability  of  the  inguino- femoral  glands  was 
to  the  ItacilluB  entering  the  skin  of  the  feet  or  legs  in  a  'bai'efootetl 
lUtion ;  but  this  is  not  confirmed  by  wider  observation.  The 
lal  liability  of  this  glandidar  group  is  the  same  in  eveiy  country 
n  pl/igiie  occuTB,  whether  the  iiihabilants  wear  boots  or  not  (Simpson). 
litiiation  of  the  bubo  does  not  regularly  correspond  with  the  part 
t  the  infection  eaters  the  body,  though  eometimes  such  a  relation 
(un-cd.  Hence  some  pathologists  hold  that  the  buboes  result  fi-om 
Riernl  infection  and  the  distribution  of  bacilli  liy  the  blood.  Of 
tting  glaniis  the  parotid  is  sometimes,  though  rarely,  inflamed. 
CarlmneUs. — Gangrenous  patches  of  sldii,  or  "carbuncles,"  though 
lently  not  the  Siune  as  what  ai'e  now  called  cai-buncles  proceeding  from 
^^  IS  glands,  foi-m  another  characteristic  featm-e  of  plague.  According 
Uiiadis  and  Colvill,  they  occur,  however,  only  in  2  or  2.^  per  cent  of 
Ked  patches  a|)pe»r  on  the  skin,  and  become  indurated  and 
vesicular ;  then  necrosis  occurs,  which  spreads  till  the  patch 
'  attain  a  width  of  some  inches,  They  may  occur  on  any  part  of  the 
Ue  of  the  bo<ly,  and  have  sometimes  been  attributed  to  direct 
xliiction  of  the  virus  of  plague  into  the  skin.  In  lecerit  Indian  and 
a»  epidemics  this  feature  was  distinctly  less  common  than  it  would 
IT  to  have  been  in  the  older  epidemics. 
Prttehvr. — Purpuric  patches,  due  to  ecchymoses,  sometimes  of  email 
(pettxthtK),  sometimes  larger,  are  often  seen  in  severe  cases.  In  the 
Qteenth  craitiiry  they  were  known  as  the  "  tokens,"  and  regarded 
ivariably  indicAting  the  approach  of  death.  Neither  petechia  nor 
a  have  formed  impoitant  symptoms  in  the  different  outbreaks 
e  preaent  pandemic,  but  they  are  occasionally  well  marked  in  severe 
■  before  death  (Simj>son). 
rencral  pustular  or  vesicular  eruptions  have  rarely  been  observed. 
koeating  is  an  extremely  variable  symptom.  In  certain  epidemics 
profuse  sweats  have  been  observed,  in  others  this  feature  hoe  been 
Ay  wanting. 

lammrhags  from  various  organs  is  sometimes  observed  in  severe 
,  uid  is  much  more  frequent  in  some  epidemics  than  in  others. 
Bxis  ie  a  common  form  of  it,  but  pulmonary  hfcmorrhage,  usually 
iated  with  congestion  or  pneumonia,  is  regarded  as  of  specially 
OS  import.  It  was  obseired  in  the  first  epidemic  of  the  Black  BeatJi 
I  Europe  (1348),  in  the  epidemic  on  the  Volga  in  1879,  and  on  many 
Iher  occasions.  This  is  characteristic  of  the  pneumonic  form  of  the 
,  and  was  at  one  time  thought  by  Hirsch  to  be  pecuhar  to  Indian 
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plague.     But  though  apparently  commoner  in  the  Indo-Chinese  strain,  it 
is  by  no  means  confined  to  that  form  of  the  disease. 

Hacmatemesis  is  sometimes  so  noticeable  as  to  have  been  caDed 
"  black  vomit '' ;  and  intestinal  hicmorrhage  produces  black  dejectKNH 
Urinary  haemorrhage  and  metrorrhagia  may  occur,  and  the  cases  an 
generally  or  always  fatal.  The  ha^morrhagic  form  of  plagiie,  though  nol 
constituting  a  distinct  type,  may  be  compared  to  the  hsemorrhagic  fum 
of  small-pox,  scarlet  fever,  and  so  forth. 

The  remaining  symptoms  will  be  best  considered  in  relation  to  tke 
various  systems  of  the  l)ody. 

NfTvous  System, — The  general  features  have  been  already  described 
There  is  profound  poisoning,  affecting  especially  the  cerebrum,  but  will 
little  disturbance  of  motor  function,  except  occasional  convulsions,  ui 
the  contraction  of  tendons  seen  in  the  last  stages  of  many  febrile  (!» 
eases.  Par<ilysis  does  not  appear  in  the  descriptions  except  as  one  i 
the  sequels  of  an  attdck.  The  violent  or  maniacal  delirium  of  oUer 
records  has  been  also  noted  in  recent  epidemics.  Remarkable  en* 
of  1th is  kind  were  observed  in  Bombay.  Some  patients  shewed  tie 
tendency  to  leave  their  beds  and  rush  wildly  into  the  open  air,  or  era 
attempted  to  travel  to  a  distance,  as  has  often  been  observed  in  typhus  nil 
sraall-pox.  In  some  cases  there  was  a  tendency  to  homicidal  or  suiciU 
mania. 

Respiratory  System. — The  respiration  is  accelerated  in  the  febrile  ^ 
in  proportion  to  the  fever,  perhaps  more  so.  In  some  epidemics  maib' 
symptoms  of  engorgement  of  the  lungs  and  pneumonia  with  profe* 
hajmoptysis  are  described.  These  cases  are  now  recognised  as  ^ 
l)neunionic  form  if  unaccompanied  by  buboes.  But  secondary  brond* 
pneumonia  and  bronchitis  are  not  unfrequently  met  with  in  ordiDBJ 
bubonic  plague.  These  cases  have  in  some  instances  given  n* 
to  an  erroneous  diagnosis  of  epidemic  pneumonia.  In  Hong-Koig 
pulmonary  symptoms  were  absent.  These  variations  are  perhaps  pM^ 
connected  with  differences  of  climate  and  season. 

J)i(/<'sfire  System. — Besi<lc  the  condition  of  the  tongue  already  notieWi 
some  cases  give  evidence  of  grave  gastric  disturbance,  in  the  form  • 
severe  bilious  vomiting;  this  is  sometimes  an  early  symptom,  but  itH*J 
occur  at  any  stage.  The  bowels  are  constipated,  as  a  rule,  but  prof** 
diarrhoea  sometimes  occurs,  and  has  been  regarded  (Colvill,  Gintlie)*** 
favoural)le  symptom.  The  occurrence  of  gastro-intestinal  hsemonb? 
has  already  been  noted. 

Bhjtd  and  Circulation: — The  French  physicians  in  Egypt  in  1835^ 
a  time  when  bleeding  was  customary,  made  some  analyses,  from  vhi» 
it  appears  that  the  blood  coagulated  imperfectly,  and  never  fonwo' 
butfy  co.it.  Its  surface  presented  fatty  globules,  the  serum  was  d€«P? 
coloured,  and  in  some  instances  the  reaction  of  free  sulphuretted  hydrojl* 
was  obtained.  The  water  was  in  excess.  These  results  would  shewp^ 
found  doconi[)osition  and  destruction  of  red  corpuscles.  The  laU  ^' 
H.  Y.  ^liiHer  in  Bombay  ol>served  a  dark  colour  and  high  venoritf* 


■  drop  of  blood  obtAined  l>y  puncture  when  heart-fiiilure  was  beginning, 

ml  110  colouring  of  the  serum.     Marked  leucocytosia  has  been  observed 

bi,00O),  and  in  single   cases   even    120,000,  and    200,000   (Aoyama). 

aa  increase  filected  the  polymorphonuclear  leucocytes.     Alterations  in 

te  reii  corpuscles  are  not  constant.     The  bacillus  is  not  detected  in  the 

d  till  the  disease  is  at  its  height,  and  is  numerous  in  tbe  later  stages 

'.     Cultivation  m   more  siiccesafiil  than  microscopical  inspection  for 

b  Jet«ction.     Albrecht  and  Ghon  found  it  in  45  per  cent  of  the  cases; 

»  ('I'rman  Commission  in  a  smaller  proportion.      Cases  with  bacilli  in 

)  lilooii    seldom     recover.       The    Ciiridatwi/    disturbances    have   been 

Mriheil,     The  spleen  is  generally  enlarged. 

Thtt  I'rinarti  St/slem  jiresents  nothing  very  notable.  The  urine  is 
pnerally  diminished,  sometimes  suppressed ;  but  in  the  Hong-Kong 
Wileniic    ii    was   normal.       Hiematuria    and    albuminur' 


liar/ili'-n  of  Attack. — Cases  are  sometimes  fatal  within  a  day,  but  in 

inera!  the  duration  of  fatal  attacks  is  three  to  five  days.     Colvill,  in 

■ghdad,  found  that  nearly  one-fourth  of  his  fatal  cases  died  on  the  first 

■^,  about  three-fifths  within  three  days,  and  five-sixths  within  five;  a 

y  small  number  of  such  eases  lived  over  a  week.      Hence  if  a  patient 

M  as  long  as  this,  he  was  thought  pretty  certain  to  recover.     On  tlie 

«^  hand,   cases   in    which  suppuration   of  buboes   occurs,  and  which 

,  may  be  protracted  to  three  weeks  or  a  month.     Dr.  Simpson 

s  the  result  of  his  experience  that  death  may  occur  within  one  or 

'  days  or  even  less,  but  may  be  later,  from  the  third  to  the  seventh 

>  but  usually  occurs  between  the  second  and  the  sixth. 

I  AtortiilUij. — Plague  is  tbe  most  fatal  of  all  known  epidemic  diseases 

_Scting  large  numbers.     At  the  beginning  of  an  epidemic  the  mortality 

m  oftrn  SO  to  90  per  cent  or  more  of  those  attacked,  and  tiiis  rate  is 

iii^intaiiK^  or  increased  at  the  height  of  tbe  epidemic.    During  the  epidemic 

'"  the  Volga  in  1879,  in  one  group  of  villages  visited  by  myself,  every 

jiTson  attacked  by  plague  had  died.     Towards  the  end  of  every  epi- 

Jutnic  recoveries  predominate  over  deaths,  so  that  the  average  mortality 

\ma-    but  in  some  limited    epidemics   in    Irak  three-fourths   of    those 

iiHacked  have  died,  and  in  others  the  mortality  has  risen  to  90  per  cent 

I     or  more.     In  the  larger  epidemics  of  Baghdad  in   1S76,  the  proportion 

I    of  desths  was  officially  stated  as   55-7   per  cent;  and  at  Hillah  in  the 

"    War.  country   it  was  given   by   Cabiadis  at  52'G    per  cent     In  other 

epitiemica  the  percentage  of  fatal  cases  has  not  been  more  than  40  per 

cfflil,  and  ill  Egypt  in   1834-33  about  one-third.      In  India  the  general 

cfi«e-mortaIity  has  been   70  to  S.")    per  cent  among  natives.      In  Hong- 

/Cung  89  to  96  per  cent  of  Chinese,  but  less  among  Indians  (77  per  cent) 

.ii\i\  Japanese  (60  per  cent)  living  there.     In  South  Africa  for  the  coloured 

[■opalation  56  per  cent,  in  Sonth  America  (Asuncion)  50  to  66  per  cent 

t^iropsun).       The    above    Btatistica    refer    to    native    inhabitants.       The 

tality  among  Europeans  was  much  less.     In  Hong-Kong  it  was  346 

r  cent  ;  in  Bombay  30  to  40  per  cent;  in  Cape  Town  33"3  per  cent. 

vou  II.— I'T.  ir  2d 
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Our  Australian  colonial  populations  have  shewn  a  mortality  of  31  or3J 
])er  cent  of  the  cases. 

The  totiil  mortality  has  notoriously  been  in  many  instances  very  gnai 
both  absolutely  and  in  proportion  to  the  population,  though  okkr 
accounts  may  have  been  exaggerated.  The  Black  Death  is  calculated  to 
have  carried  off  one-third  of  the  inhabitants  of  Europe,  and  in  soae 
countries  more  than  one -half,  but  these  estimates  must  be  uncerUii. 
In  modern  times  it  is  said  that  the  plague  of  1830-31  killed  60,000  of 
the  150,000  inhabitants  of  Baghdad.  The  epidemic  of  1876  in  Ink 
is  stated  to  have  destroyed  one -eighth  of  the  whole  population.  Ii 
1881  most  of  the  villages  affected  lost  a  moiety  or  more  of  thar 
inhabitants.  As  in  such  times  a  large  part  of  the  surviving  popuUdoi 
seeks  safety  in  flight,  it  is  easy  to  understand  how  villages  mar  be 
entirely  ruined  and  depopulated  by  the  ravages  of  plague,  as  was  tJN 
case  also  in  our  own  country  in  the  fourteenth  century.  The  morti% 
in  India  has  been  noticed  on  p.  362. 

III.  Pneumonic  Form,  or  Primary  Plagrue  Pneumonia. — This  fom 
has  been  observed  at  various  times,  as  in  the  first  epidemic  of  the  Bkk 
Death  in  1348,  in  the  Pali  Plague  1838,  and  other  Indian  epidenid^ 
and  at  Vetlanka,  Russia,  1878-79.  Forbes  gave  a  clinical  descriptioB  flf 
cases  in  Pali  1838,  of  which  the  late  Dr.  H.  F.  Miiller  said  that,  ajtft 
from  some  details,  there  was  nothing  to  add,  nor  anything  to  take  awir 
Pneumonic  plague  was,  however,  first  discriminated  as  a  special  fbm 
by  Dr.  L.  F.  Childe  at  Bombay  in  1897,  from  cases  most  of  which  W 
been  diagnosed  during  life  as  pneumonia,  not  plague.  It  shouM  ^ 
remembered  that  bronchopneumonia  of  greater  or  less  severity  ia  » n* 
infrequent  complication  in  bubonic  plague,  and  is  distinguished  i* 
sccondiirt/  pjieiiifumid. 

Si/mpfoms  and  CUniail  Course, — The  attack  begins  usually  with  o* 
violent  rigor,  or  repeated  shivers,  but  these  may  be  wanting.     Thereto 
no   prodromal    symptoms.     Headache,   giddiness,  vomiting,   variable  ■ 
intensity,  follow.     There  is  no  primary  bubo.     The  facial  expression  ■ 
one  of  great  anxiety  and  there  is  imperfect  articulation  as  in  the  bubfli* 
form.     Pleuritic  pain  may  be  felt  on  the  second,  third,  or  fourth  <Uj' 
cough,  with  exj>cctoration,  and  rales  heard  on  auscultation  may  comnno* 
on  the  third,  fourth,  or  fifth.     The  temperature  is  high,  but  does  n* 
differ  specially   from   that  in  other  forms  of   plague.     The  promiB** 
symptoms  are  cough  and  blood-stained  expectoration.     Some^mes,  W 
not  always,  marked  hpRnioptysis  and  excessive  dyspnoea  with  a  tendefl? 
to  cyanosis.     The  respiration  rate,  according  to  Miiller,  was  as  a  rule  <*** 
fifty,  sometimes  lising  to  seventy-five.     The  auscultatory  signs  are  tbo* 
of  lobular  pneumonia.     The  dulness  on  percussion  is  not  marked.    IV* 
sputa  have  no  cliaracteristic  api)earance,  but  are  found  to  contain  bic2*^ 
if)  enormous  numbers.     These  are  also  detected  in  the  blood.     Swelli^ 
of  the  spleen  is  very  marked.     Death  occurs  from  failure  of  the  h^^ 
In  the  older  accounts  death  is  said  to  have  occurred  within  two  d»»'5 
At  Boml)ay  about  half  the  cases  were  faUil  wuthin  five  days,  but 
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The  dieease  is  almost  mvariitbly 


vers  prolonged  Ut  a  week  c 
f.ttal. 

Pneiunouic  plagiie  ia  higbly  coiiULgious  u^nd  generally  reproduces  the 
HEoi«  forni :  this  was  the  case  in  a  series  of  eighteen  casus  observed  at 
Bowbay.  SoTDetimes  by  acddental  inociiiation  the  bubonic  form  results. 
In  one  case  at  Bombay  a  portion  of  spiilum  falling  on  the  conjunctiva 
giwe  rise  to  ordinary  bubonic  plague. 

Pi)Bt-nii.irlein  eJcamiiiation  shews,  besides  the  signs  of  scattered  foci 
<>i   pui-timonia  in  the  lungs,  inflammation  of  the  bronchial  glands. 

IV.  Septicsemic  of  Septic  Form. — This  is  an  extremely  vinilent  and 
i.ipiHly  fatal  form  of  plague,  in  which,  ae  in  the  pneumonic,  buboes  are 
absent,  or  not  discovered  during  hfe.  Some  oliservere  do  not  recognise 
it  as  a  distinct  form.  It  is  distinguished  by  the  large  number  of  bacilli 
circuliitiug  in  the  btood  and  by  cliiucal  characters. 

Tlie  attack  begins,  as  in  other  ftHins,  with  rigors,  headache,  vomiting, 
d  high  fever.  In  some  cases  the  temperature  is  below  100"  F.  (Simp- 
Bn).  The  implication  of  the  nervous  system  is  very  marked.  "  Extreme 
Ttoiu  prostration,  weakness,  drowsiness,  restlessness,  hurried  and 
incing  respiration,  small  and  full  pulse,  tymimtiites,  delirium,  picking 
\  the  bed-clotbes,  stupor,  and  coma  quickly  follow."  There  may  be 
Bding  from  the  nose,  kidneys,  and  bowels.  Death  may  occur  on  the 
t,  second,  or  third  day,  with  symptoms  of  collapse.  If  the  patient 
n'ive  longer  buboes  may  appear.  In  fatality  this  comes  near  to  the 
euinonic  form. 

Pposrnosis.— The  most  unfavourable  symptoms  are  hemorrhage,  in 
"tiaieTer  form,  and  petechial  eruptions  or  "  tokens " ;  both  aftections 
"fe  generally  lethal  prognostics.  Profound  affection  of  the  nervous 
•plem  is  also  an  unfavourable  sign,  and  so  is  abundance  of  bacilli  in  the 
Suppuration  of  buboes  is  always  of  good  omen.  Sex  and  age 
lo  have  little  or  no  influence  on  the  result.  AH  observers  agree 
1  prognosis  is  generally  very  uncertain,  and  that  cases  apparently 
li  often  terminate  fatally. 

Diagnosis. — Absolute  diagnosis  ia  beat  made,  when  practicable,  by  the 
Mtinn  of  the  bacillus  in  the  tissues  or  fluids  of  buboes  or  other  parts. 
'  when  this  is  not  [>ossible,  there  are  other  signs  which  mny  be 
ifficieni  for  diagnostic  purposes.  No  acute  febrile  disease  presents  the 
'^liv  affection  of  tbe  lymph-glands.  Nevertheless  a  casual  lymphatic 
iiBination  or  an  inflamed  paiotid  gland  may  occur  in  rare  cases  of 
^w  liiseases,  es[>eciaUy  in  typhus,  which  was  at  one  time  thought  to 
n  some  cases  a  transition  to  plague.  Modern  observers,  however, 
|?'e  foiniil  no  difficulty  in  making  the  diagnosis ;  the  longer  duration  of 
fphus  ("  the  fourteen  days'  fever  ")  and  the  collective  symptoms  making 
*  ■ell-inarked  distinction.  Malignant  forms  of  malaria  have  sometimes 
"**"  eonfoiinded  with  plague ;  but  tbe  absence  of  intermissions,  or  even 
"  "lefinite  remission  of  the  fever,  and  the  incflicacy  of  quinine,  are 
s  distinctions.  Tbe  aspect  or  facies  of  a  malarial  patient  is  also 
f  different.       Bui  if    suspicion   has    not  been   aroused,   mistAkea   in 
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diagnosis  are  frcfiucntly  made ;  and  at  the  lieginning  of  an  epidemic 
the  disease  has  been  often,  not  to  say  generally,  unrecognised.  The 
chief  points  to  be  attended  to,  apart  from  glandular  enlargements,  are— 
the  sudden  onset,  the  high  temperature  with  dry  skin ;  character  of  the 
tongue  and  injection  of  conjunctivae  ;  intense  headache,  insomnia,  deliriuiB, 
and  sometimes  vomiting ;  the  peculiar  facial  expression  above  mentioned ; 
peculiar  manner,  refusjil  to  answer  questions,  and  (as  some  say)  dis- 
inclination of  the  patient  to  allow  that  he  is  ill. 

Treatment. — The  treatment  of  plague  cannot  be  regarded  as  sati*- 
factory,  but  the  newer  method  of  serum  treatment  is  more  promising 
than    the   merely  symptomatic  therapeutics  formerly  adopted.     In  old  ^ 
days  opinions  were  divided  as  to  the  value  of  bleeding,  but  the  balanit  -^ 
of  experience  was  decidedly  against  it.     The  violent  sudorifics  used  in  m. 
the  seventeenth  century  appear  to  have  been  useless. 

hi  modern  times  quinine  has  naturally  been  largely  administered,  boi-V 
the  general  t^stimoTiy  is  that  it  is  quite  useless.  Antiseptics  (such  usk 
carbolic  acid,  salicylic  acid),  antipyretics,  and  cardiac  stimulants  hava» 
all  been  tried  with  no  better  results ;  purging  with  calomel  and  roagnedi^ 
was  largely  used  in  Hong-Kong,  but  with  little  benefit.  In  fact,  nothinp  . 
approaching  to  a  specific  or  antidote  in  the  way  of  drugs  has  ever  bee  -a 
discovered.  The  general  principles  of  treatment  would  seem  to  be,  as  w.  j 
other  asthenic  fevers,  to  give  the  patient  an  abundant  supply  of  fresh 
to  avoid  overcrowding,  to  use  cold  affusions  or  baths  in  the  height  of 
fever,  and  to  administer  such  cooling  or  other  drinks  as  may  pi'omote 
comfort.  When  the  strength  is  failing,  stimulants  are  of  course  indicated^ 
but  alcoholic  stimulation  appeal's  to  be  of  less  value  than  in  ti-phos- 
In  the  seventeenth  century  some  good  observers  denounced  the  iwe  orf 
"strong  waters"  as  positively  pernicious.  Hypodermic  injections  of 
strychnine  have  been  largely  employed,  and  with  good  effect.  DigitaJi* 
an<l  strophanthus  are  recommended  to  sustain  the  fon?e  of  the  heart- 
In  a  malady  of  such  short  duration  the  utility  of  abundant  nutririo*i 
would  appear  to  be  of  less  importance  than  in  more  protracted  illnesse*' 
One  of  the  most  importiint  factors  in  assisting  the  patient's  recoveryi 
as  well  as  in  preventing  contagion,  is  abundant,  or  even  superabundant 
ventilation,  the  goo<l  effects  of  which  are  well  known  in  the  treatment  ^ 
typhus. 

Major  Thomson  and  Dr.  Thomson,  in  their  treatise  on  plague,  1*5 
great  stress  on  keeping  the  patient  prone  till  the  temperature  biis  be^" 
normal  for  at  least  four  days.  "Injudicious  breach  of  this  rule,  ^J 
allowing  patients  to  sit  up,  led  to  the  de^ith  by  syncope  of  tweo^J 
convalescents." 

The  local  treatment  of  the  buboes  has  received  much  attention.    T^ 
general   lesult   of   experience    is    that  energetic  treatment  by  cansii^** 
mercurial  inunction,  or  early  surgical  interference,  is  painful  and  frnitl' 
In  early  stages  soothing  applications  only,  such  as  poultices,  anody 
or  ice-luigs,   should  l>e  used.      When   softening    or  suppuration  00*="*: 
smgical  treatment  by  incision  and  drainage  is  called  for,  but  nothi 


ftgnined  bjr  too  early  iucision  (Simpson).  Tbere  is  no  evidoiice  of  the 
iTiilue  of  thorough  antiseptic  surgical  inothoda;  but  iti  the  Hong-Kong 
fttp)il«mie  the  injection  into  the  glands  of  solutions  of  perchloride  of 
I  merciiTF  and  cai-bolic  acid  seemed  to  bo  of  temporarv  lienefit. 

J.  F.  P. 


Specific    Prophylaxis    and    Cure.— The    busia    of    the    attempts    to 
i  tmmiiiiise   human  beings  i^^ainst  pltigue  is  the  oft-repeated  observutton 
I  th»t  recovery  from  an  attack  of  the  disease  confers  immunity,  iilthough 
J  lliii  individuals  continue  to  be  exposed  to  infection.     This  observation 
^Sae  been  utilised   in   the  employment  in  pesl  hospitals   of  nurses  and 
!(endaht«  who   have  had  the  disease  (Netter).     The   immunity,   bow- 
not  absolute,   as  in  many  epidemics  it  has  boon  noted  that 
Nticnis  may   succumb  to  a  second  attack  of  plague  after  successfully 
■ssitig    through  a   first.     Thus,   several    cases   were  submitted    to    the 
■"■an  Plague  Commission,  in  which  two  and  even   throe  attacks  had 
■turred  in  the  same  pei-son,  the  intervals  between  the  attacks  varying 
Bin  eight  days  to  twenty-abc  months. 

The  artificial  establishment  of  immunity  against  plague  may  be 
Wght  about,  as  in  certain  other  infective  diseases,  in  two  ways,  (A) 
tivo  immunisation,  by  the  inoculation  of  cultures  of  the  plague  bacillus 
'  its  pi-oducts.  (B)  Passive  immunisation,  by  the  inoculation  of  the 
iini  of  animals  which  have  undergone  active  immunisation. 
coe  observers  recommend  a  combination  of  these  two  methods  for  use 
■1*  in  an. 

A.  jirJioe  Immunimtion. — This  has  been  practised  in  India  on  a  very 
'*''ge  scale,  and  we  are  in  possession  of  a  large  number  of  facts  dealing 
"'ith  this  question.  In  general,  the  active  immunising  agents  used 
'"  connexion  with  plague  may  be  divided  into  foiu-  groiips,  viz.  (1)  the 
"lOcuUtion  of  cultures  (broth  or  agar)  which  have  been  heated  so  as  to 
'itstroy  the  vitality  of  the  plague  bacillua.  This  is  the  basis  of  the 
'""c'cina  used  by  HalTkine  and  the  German  Plague  Commission;  (i) 
nioeulatioii  of  product*  prepared  directly  from  cultures  of  plague  bacilH 
'bi-istig  and  Galeotti's  vaccin) ;  (3)  inocuUition  of  [TodiictB  derived  from 
'•le  bodies  of  animals  recently  inoculated  with  living  plague  cultures — 
'■  Temt  and  Bandi's  vaccin,  Hueppe  and  Kikuchi's  vaccin,  Klein's  pro- 
i'^ylaetic  ;  (4)  inoculation  of  living  cultui'eB  attenuated  spontaneously  or 
'^-iGciftlly — i-.i!.  Kolle's  vaccin. 

As  the  active  immunisation  by  killed  cultures  is  the  only  one  which 
''■^  been  applied  to  man  on  a  large  scnie,  it  will  be  necessary  to  refer  to 
"  ill  detail.  The  immunising  vdue  of  dead  cultures  of  Bacillus  pestis 
*■«  first  oltaerved  by  Versin,  Calmotte,  and  Borrel  in  the  case  of  rabbits 
•"ticb  were  found  to  withstjtnd  doses  of  living  virulent  plague 
wUares,  provided  that  they  had  previously  been  treated  with  agar 
Wllores  heated  to  58°  C.  The  experimental  results  gained  by  these 
invealigatora  were  then  applied  to  man  by  Haffkine  in  his  plague 
prophylactic.     In  the  preparation  of  this  agent  broth-cultures  inoculated 
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with  plague  bacilli  are  grown  for  one  month,  and   aft«r  tcating  thw 
purity,  the  bacilli  are  destroyed  by  heat  at  65'  to  70°  C.     A»  a  far^ti 
precaution  a  quantity  of  carbolic  acid  is  usually  julded.     From  the  fini, 
great  difficulty  was  experienced  in  adequately  standardising  the  vitcdn, 
so  that  the  dose  was  more  or  less  arbitrary,  and  varied  in  ditTet-ent  saiopla 
between  5  and  20  c.c.     With  a  vaccin  prepared  as  above  UalTkine  fit* 
of  all  inoculated  himself  (lOth  January  189T),  the  resulting  sympMtns 
being  severe  pain,  tenderness,  fever,  and  considerable  malaise.     Almmt 
immediately  after  this  experiment    large  numbars  of    people  in  Indifc 
availed  themselves  of  the  protection  assumed  to  be  afforded  by  the  pla^ine 
prophylactic,  and  the  earliest  results  were  strongly  in  its  favour,  for  »i 
SUi!   persons  inoculated  in  Bombay  only  eighteen  developed  plague 
Before,  however,  dealing  with  the  statistical  data  on  which  the  inw  vtloo 
of  Hafflcine's  vaccin  is  based,  it  is  necesstiry  to  consider  the  qucsUons  of 
its  dosage,  standardisation,  and  the  results  that  have  been  det«miinal 
experimentally    in    the    case    of   animals.       Even    at    the   present  time 
eonsidemble  doubt  exists  as  to  whether  the  immunising  principle  of 
HatFhine's  vaccin  is  contained  in  the  fluid  part,  in  the  sediment,  or  in 
both.     Contrary  to  the  opinion  of  Kolle,  Liston,  and  others,  Dr.  Klum 
(HI)  found  that  the  fluid  part  of  the  vaccin  is  endowed  with  proti-ciivt 
properties.      In  Captain  Douglas's  recent  experiments  with  the  filtnU« 
from  seven  different  vaccins,  52'5  per  cent  of  the  rats  imDiuntsei]  in^ 
the  filtrates  stiri-ived  lethal  doses  of  living  plague  bacilli  adrainistereil  *> 
the  end  of  ten  days.     It  would  appear  also  that  the  degree  of  ^inilentf 
of  the  plague  culture  is  not  a  matter  of  great  moment  in  the  manufacturt 
of  the  prophylactic,  as   Captain   Douglas   obtained   a   high   degr«  of 
protection  from  vaccins  prepared  from  cultures  which  were  practicaltf 
non-virulent.     HafTkine  Judged  the  strength  of  his  vaccin  and  tli<  iio<« 
to  be   employed   by  the   degree   of   opacity  which  it  presented  to  Ui* 
naked   eye,   or    in   its   first  inoculations  by   the    e<.|Ually  unsatisftcury 
method  of  determining  the  dose  necessary  to  produce  a  certain  rise  » 
temperature  when  injected  into  human  beings.     In  his  evidence  before  th<» 
Indian  Commission,  Captain  Douglas  shewed  that  the  amount  of  sedimen*' 
was  sometimes  seven  times  as  much  in  some  vnccins  as  in  others.     Evt(» 
at  the  present  time,  however,  the  difficulty  of  standardisation  has  nt* 
been  surmounted,  and  it  would  seem  that  the  only  feasible  method  ti  V* 
inoculate  comparative  groups  of  human  beings  with  varying  doses,  uid  U9 
determine  which  dose  leads  to  a  maximum  pro<lnLtion  of  anti-bodies  i" 
the  blood,  or  which  dose  leads  to  the  greatest  protection  when  the  in- 
oculated individuals  are  exposed  to  the  natural  risks  of  plague  infection- 
The  effects  of  the  inoculation  of  Haffkine's  vaccin  can  only  be  doscrilioi 
as  severe.     Three  hours  after  inociUating  himself  with  a  doae  ot  1 
of   a  six -weeks -old    dead    broth  -  culture.  Captain    Douglas  was   wiW 
with  a  rigor  ;  considerable  febrile  disturbance  lasted  for  several  d«y>. 
accompanied  by  great  malaise  and  pain  at  the  point  of  the  inoculation. 
To  what  extent  these  unpleasant  symptoms  arc  a   necessary  part  of 
successful  plague  vaccination  is  not  known. 
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Hesxdh  obtained  in  India  by  the  use  of  Uaffkine's  Prophylactic. — Although 
i^    methods  of  standardising  the  vaccin  were  crude,  and  although  it 
OpS  frequently  contaminated  by  extraneous  microbes,  the  Indian  Plague 
OTBinission,  after  a  searching  inquiry  into  the  whole  question,  reported 
.'vourably  on  Haffkine's  method  of  active  immunisation.    The  conclusions 
I   the  Indian  Commission  gave  a  considerable  impetus  to  the  practice  of 
mlation,  and  large  numbers  of  people  were  inoculated  when  plague 
»a(l  into  the  Punjab.     Unfortunately  a  disaster  occurred  at  Malkowal 
a  November  1 902,  when  nineteen  people,  inoculated  from  the  same  bottle 
^f  vacein,  were  attacked  with  tetanus  and  all  succumbed.    This,  combined 
with  racial  prejudices,  has  done  a  great  deal  to  thwart  the  progress  of 
plague  vaccination.     In  reference  to  the  value  of  the  statistics,  it  was  con- 
sidered by  the  Commission  that  the  following  series  of  inoculations  were 
the  least  fallacious,  viz.  those  at  the  Byculla   house  of  correction,  at 
Umarkhadi,   Undhera,  Bangalore,    Bulsar,    Lanauli,   Kirki,   Gadag,   and 
Daman.     In  the  subjoined  table  the  total  results  have  been  worked  out 
from  data  given  by  the  Commission. 


1 

1 

1 

'  No.  of  CUMtS 
Inoculated. 

Canes  of 
Plague. 

Per  cent 

of  Plague 

Caaea. 

4-16 
2-26 

from      !°fr!f,;°*    Mortality 
Plague.    1    p|jjj^,e       i»ercent.  , 

1 

1 
rninoculateil      .         .     '     11,272 

Inoculated  .                           15,082 

469 
342 

348 
147 

3-08           74 

0-98     1       43 

• 

Taking  all  the  facts  into  consideration,  the  Indian  Plague  Commis- 
•ion  arrived  at  the  following  conclusions:  (1)  "Inoculation  sensibly 
diminishes  the  incidence  of  plague  attacks  on  the  inoculated  popula- 
tion, but  the  protection  afforded  against  attacks  is  not  absolute.  (2) 
Inoculation  diminishes  the  death-rate  among  the  inoculated  population. 
Thia  is  <lue  not  only  to  the  fact  that  the  rate-attack  is  diminished,  but 
"  *l»o  to  the  fact  that  the  fatality  of  the  attack  is  diminished.  (3) 
;  Inoculation  does  not  appear  to  confer  any  great  degree  of  protection 
^tbin  the  first  few  days  after  the  inoculation  has  been  performed.  (4) 
Inoculation  confers  a  protection  which  certainly  lasts  for  some  con- 
•Werable  number  of  weeks.  It  is  possible  that  the  protection  hists  for 
»  number  of  months." 

With  a  properly  standardised  and  sterile  vaccin,  and  with  a  dose 
•ccurately  determined  to  be  the  optimal  one,  very  much  better  results 
might  be  expected 

^^^r  Vacdna, — The  difficulties  of  standai-dising  Haffkine's  prophylactic, 
*jd  also  the  severe  effects  induced  by  its  inoculation,  led  the  German 
£*"gTie  Commission    to   recommend    the    use    of    killed   a^rar   cultures. 


,  *P^riinentally  a  vaccin  made  in  this  way  gives  good  protection 
^  not  been  extensively  used  on  man.     Lustitr  and  Galeotti  isc 


istig 


but 
isolated 
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a  nucleo-proteid  immunising  substance  from  plague  cultures  by  di 
the  bacilli  with  potash  and  then  precipitating  with  dilute  acet 
The  precipitate  is  then  dried  and  constitutes  the  vaccin. 
adult  the  dose  is  stated  to  be  2  to  3  mgr.  This  vaccin  was  empi 
protect  600  people  in  San  Nicola  (La  Plata),  and  no  one  coi 
plague.  Shiga  recommended  protection  by  a  combined  use  < 
plague  serum  and  heated  agar  cultures,  this  method  being  empl< 
forty -seven  cases  in  Osaka  and  Kobe.  Besredka  made  a  vaccin 
digesting  the  bacilli  with  saline  solution  and  subsequently  precij 
the  bacillary  bodies  by  a  strong  agglutinating  serum.    . 

Both  the  German  and  Austrian  Plague  Commissions  point 
that  living  cultures  which  had  undergone  attenuation  might  1 
as  vaccinating  agents.  In  1902  Kolle  and  Otto  made  a  large  i 
of  experiments  with  an  old  living  laboratory  culture  which  had 
gone  attenuation,  and  reported  very  successful  results  concemi 
immunisation  of  guinea-pigs.  Thus,  of  thirty-four  guinea-pigs  ino 
with  the  attenuated  culture,  76  per  cent  survived  the  intpoduc 
virulent  cultures  at  a  subsequent  date.  Recently  Kolle  and  Stroii 
reported  the  results  obtained  by  inoculating  living  attenuated  cult 
human  beings.  The  cultures  were  so  attenuated  that  an  entire  aga 
culture  would  not  kill  a  guinea-pig.  The  first  injections  were  ( 
out  in  the  Philippines  by  Strong  on  prisoners  under  the  sente 
death,  y^iy  of  a  loopful  of  living  bacilli  being  inoculated  under  tl 
without  appreciable  effect.  Later  it  was  found  that  a  whoU 
culture  could  be  inoculated  without  any  severe  reaction.  Of  for 
human  beings  inoculated  in  this  way  it  was  noted  that  the  tempc 
begins  to  rise  a  few  hours  after  inoculation,  occasionaUy  reaching  1 
By  the  third  day  the  temperature  falls ;  the  local  lesions  are 
The  degree  of  protection  afforded  by  vaccinating  human  being! 
living  cultures  has  not  yet  been  determined,  but  from  similar  exper 
on  monkeys  and  guinea-pigs  it  may  be  expected  to  be  high.  JJat 
very  great  care  would  be  necessary  in  recommending  a  metho 
this  on  a  big  scale  in  plague -stricken  communities,  as  from  unfc 
circumstances  the  virulence  might  increase  and  plague  be  in 
As  long  ago  as  1755,  Weszpremi  suggested  the  artificial  inoculat 
pest  on  the  lines  of  variolisation,  and  in  1781  a  Russian  phj 
Samoilowitz,  inoculated  himself  with  plague  pus:  he  passed  Uirc 
mikl  attack  of  bubonic  pest  and  became  immune.  He  recomo 
the  application  to  the  unbroken  skin  of  a  pledget  of  lint  saturate 
bubonic  pus.  Other  experimenters  had,  however,  veiy  unfoi 
results.  Thus  Cerutti  inoculated  six  persons,  five  of  whom  d 
pest. 

Terni  and  Bandi  have  prepared  a  vaccin  from  the  peritoneal  c 
of  animals  inoculated  with  living  virulent  pest  cultures.  Immei 
after  the  animals  succumb  the  peritoneal  exudate  is  collecte 
incubated  at  37''  C.  for  twelve  hours.  The  vitality  of  the  cor 
bacilli  is  destroyed  by  heat  at  52''  C,  and  the  fluid  is  then  diluted 
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I  with  waWr  containing  carbolic  iicid.       This  vaccin  is  said  to  have  good 
I  iliLiiiiinisiiig    powers.      Hm-ppe    und  Kikiichi  \\&\b  recently  described  a 
I  lomewhnl    aimilar    method    depending   on   the    presence    of    ft^reseius 
[  obbuned  by  the  method   of  Bail.     On    the  same  priticiple  is  the   new 
■  pl«gue  prophylactic  iidvocated  by  Dr.  Klein  (142).     This  is  prepared  from 
,  -tte  necrotic  plague  nodules  in  the  buboes  and  spleen  by  drying  over 
•ilphiiric  acid  at  46"  to  47^  C.  until  complete  aterility  is  obtained.     1 0  to  1 5 
ni^.  of  the  dry  powder  suffice  to  protect  rata  against  virulent  plagtie 
Www. 
K.  I'tusive  Inimunisalioii — Anti-jdague  Serum. — Following  the  lines  laid 
down   by  Behring    and    Kitasato  for  diphtheria    and    tetanus,   Yersin, 
Calmeite,  and  Borrei  immunised  horses  with  plague  cultures,  and  asserted 
<^m    after  a  time  the  scrum    aciptii'eB    antidotal    properties    preventing 
ur  curing  a  pest  infection  in  animals.       In  genend,  two  types  of  aiiti- 
Jilij^xie  serum  may  be  recognised,  viz.  one  derived  from  the  inoculation 
'rith  cultures  of  plague  bacilli  (Paris  serum,  Berne  serum.  Lister  Inelitute 
sfrxiTii.  Bi-azil's  senim),  and  one  derived  from  the  inoculation  of  jinimals 
"■iLli.   nucleo-proteids  produced  from  cultures  (Lustig's  serum).     In   the 
fi'rrt»er  of  these  horses  are  treated  first  with   kill^   then    with  living 
i-iiltiires  in  doses  gradually  increasing  till  quantities  as  large  as  100  c.c. 
'■^"^     l)e  tolerated  without  danger.     At  first  the  inoculations  are  made 
-iiV>«rii(.ineou8ly    but    afterwards    intravenously.       The    horses    are    bled 
'i">ut  three  to  four  weeks  after  complete  recovery  has  been  established, 
\\  yi»,Tl  from  determining  whether  the  serum  is  toxic,  accurate  standardisa- 
:i'»i»  does  not  appear  to  be  carried  out,  the  dose  recommended  for  man  being 
eutircly  empirical.     Since  Bmall  doses  failed,  larger  doeee  have  been  tried, 
M'»<i  ill  India,  in  accordance  with  Roux's  recommendation,  an  initial  dose  of 
lt*0  c.c.  was  used.     Quantities  up  to  235  c.c.  (Walton  and  Uouglas), 
fti"I  in  one  case  TOO  c.c.  (West),  were  given  but  failed  to  prevent  a  fatal 
iwue.    Apart   from   the   ordinary  effects   witnessed   on  injecting  alien 
stinini,  no  serious  complications  occurred.     In  regard  to  the  experimental 
^^"idence  of  the  protection  afforded  by  plague  serum,  Koch,  v.  Behring, 
P^^ifler,  KoUe,  and  Martini  found  that  it  could  prevent  a  fatal  issue, 
proi'ided   it  were    inoculated  first.     Whereas,  if  living  vindent  plague 
™"'IJi   were   injected   at   the  same  time  as  the  serum,  the  latter  was 
practically  valueless,  and  still  less  so  if  the  plague  culture  were  injected 
first.     As  has  been  observed  in  man,  the  serum,  however,  appears  to  prolong 
hie. 

ftexiiUs  in  Man.  —  In  India  Yersin  obtained  relatively  favourable 
r*"i'te,  as  did  other  observers,  when  selected  cases  oidy  ware  treated. 
*' nerever  cjisob  hai'e  not  been  selected  and  a  series  of  strict  controls 
"*ve  l)egn  taken,  practically  no  advantage  has  been  seen  in  the  serum 
g^'Up.  Thus  in  the  cases  treated  by  CapUins  Iloiiglas  and  \\'alton  the 
'oUowing  wore  the  resulu  :— 
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1.  Bangalore. 

. 

CaseR. 

49 
54 

Deaths. 

i 

'          31     "i" 

1 

29 

Caae-MorUlitT. 

Treated  with  serum 
Treated  without  serum 

68-2 
58-7 

2.  In  Bombay  every  second  case  was  treated  with  serum,  the  otheii 
serving  as  controls.  In  this  series  the  cases  were  strictly  companble 
both  as  regards  severity  of  type  and  period  of  disease. 


Treated  with  serum     . 
Treated  without  serum 


In  the  entire  series  of  cases  (treated  with  Paris  serum)  in  whiA 
reliable  controls  existed,  Captains  Walton  and  Douglas  had  the  follovinf 
experience  : — 


Treated  with  scnim 
Troate<i  without  serum 


Cases. 

Deaths, 

226 

231 

1 
I 

168 
163 

Recoveries. 


Case-Vortilitr. 


58 
68 


74-83 
70-56 


.J 


The    exhaustive    analysis    of   all    the  available  data    compelled 
Indian  Plague  Commission  to  the  conclusion  that  the  "  method  of  seroa* 
therapy  as  applied  to  plague  has  not  been  crowned  with  a  therapeutic 
success  in  any  way  comi>arable  to  that  obtained  by  the  application  of  tl* 
serum  method  to  the  treatment    of   diphtheria."     Still    more   recently 
Colonel   Bannerman  (118)  has  analysed  the  results  obtained  in  India  op 
to  May  1904,  and  has  also  come  to  the  conclusion  that  anti-pest  senJO^ 
is  much  less  efficacious  than  diphtheria  antitoxin.     The  fonowiJig  uA^ 
taken  from  Colonel  Bannerman^s  paper,  refers  only  to  cases  "in  which  tw 
conditions  of   trial  were  reasonably  accurate,  and  in  which  a  series   c 
control   patients  strictly  comparable  with  those  treated  with  serum 
availaVjle." 


r«n  wmm  by  In-  .  49 
lagne  Commission  ' 


Bombay) 

■attd  with  Roux-  |  229  ' 

uram  (Dr.  Tork-     SS 
900)  I 

wrum  (Dr.  Mayr,  I  81 
serum     (Poona,      a7 


itedwithLustig'a  !608'    436       172 


18 

63-26 

54 

29 

26 

"■' 

5 

82 'U 

US 

24 

4 

85-7 

10 

80-0 

50 

10 

10 

80-0 

s 

»3  54 

31 

29 

2 

93-54 

23 

M-I7 

68 

41 

27 

60-29 

58 

7133 

231 

163 

68 

70-56 

12 

81-81 

S6 

48 

IS 

72-72 

100 -0 

31 

29 

2 

93-54 

6 

n. 

28 

20 

8 

71-42 

154 

68-18 

.8. 

386 

99 

79-54- 

172 

n-n 

609 

482 

127 

7914 

.. 
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tile  serum  is  unable  to  influence  the  case- mortality  in  any 
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marked  degree  it  would  appear  that  life  is  frequently  prolonged  byiti 
use,  as  is  seen  in  the  following  table  also  taken  from  Col.  Bannenou 
(118). 


1 

1 

Kind  of  Serum  Used. 

Average  Number  of  Days 
in  Hospital  in  Fatal  Cases  in 

1 

Advantage  ii 
Favoarof 

Serum  Cases. 

Control  Caiies. 

SeromCua  ; 

Roux 

7-57 

419 

8-88 

Lustig 

3-89 

2-76 

118 

1     Terni 

• 

3-27 

2-93 

0'34 

i 

Brazil  - 

1 

Maratha  Hospital     . 
Modikhana  Hospital 

2-56 
2  06 

2-26 
4-61 

0-81 
-2-55 

It  would  also  appear  probable  that  intravenous  are  more  beneficW 
than  subcutaneous  injections  of  the  serum,  as  the  absorption  by  the  Uttcf 
route  is  much  slower. 


Subcutaneous  injection  only 

Subcutaneous  injection  followed  by 
intravenous  injection. 

Primary  intravenous  injection  followed 
by  similar  injections  or  in  some  few 
cases  by  subcutaneous  medication. 


Serum  Cases. 


No.    Deaths. 


43 
12 


29 

8 


13  :     8 


Case* 
Mortality 
per  cent. 


C<Hitrol  Cases. 


Xo.    Deaths. 


67-4 
66-6 

61-5 


68       45 


66-2 


43 

28     ' 

12 

6 

13 

/ 

68 

41 

CMP-       I 

Mortalit/ ' 
perc«i*- 


651 


50-0 


53-8 


60-3 


Mode  of  Action  of  Antlplarjiie  Serum. — Considerable  doubt  exists  wheth^" 
antiplague  serum  possesses  bactericidal  properties  or  not.  According  t^ 
Kolle,  slightly  virulent  plague  bacilli  are  dissolved  by  the  serum  i»  rirt^ 
Sir  A.  E.  Wright  and  Captain  Windsor  were  unable  to  demonstrate  »n^ 
bacteriolytic  action  in  normal  serum  in  vitro.  Markl  attributes  the  action 
of  plague  serum  mainly  to  phagocytosis,  and  in  conformity  with  this  oixeC 
vation  CapUiin  Douglas  found  that  after  inoculation  of  Hafflcine's  vaccin  th** 
opsonic  index  of  the  serum  rose  to  three  times  the  normal  strength,  bit' 
fell  away  after  the  ninth  day.  Markl  also  attributes  antitoxic  properties 
to  antiplague  serum.     Under  the  influence  of  injections  of  plague  culturea* 


I  tggliilinins  are  developed  in  the  senim,  and  if  plague  senim  be  added  to 
filtiHtea  from  plague  cultures,  an  abtiiidftiit  development  of  predpilins  can 
[  bUo  be  seen.  AY.  B. 
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Otto.  "  "NVeitere  Untersuchungen  iiber  Pest  im  Besonderen  iiber  Pet»tiiiimuBitii.~ 
Ztschr.  f.  Hyfj.  1904,  xlviii.  p.  368. — 149.  LrsTir.  and  Oaleotti.  **  Yer»ucW  kiS 
reatschutzinipfungeii  bei  Thieren,"  Deutsche  ined.  Jroch,  1897,  No.  15,  |».  227. -\»i. 
Jdem.     "Remarks  on  the  Preventive  Inoc.  against  Bubonic  Plague,"  Brii.  Mtd.  Un. 

1900,  i.  p.  :311.— 161.  Makkl.     **Zur  Agglutination  des  Pestbadllus,"  Cen/mfti./ 

Bakt,  1901,  xxix.  p.  810.— 152.   Idem.     **Ueber  die  Pesttoxine  und  die  GewiiunjD-5=: 
von  antitox.   Pestserum,"    IVicncr  med.    Woch.   1900,  No.  61,  p.  2412. — 153. /i^« — 
"  Zur  Kenntniss  des  Mechanisnius  der  kiiustlichon  Imniunitiit  gcgeu  Pest,"  Ztxir}^^ 


llyg.  190:3,  xlii.   p.  244. — 154.   Maktini.     "Ueber  die  Wirkung  des  Pestrfrumi 
exp.    Pestpneumonie  an  Ratten,  eti\,"  Klin.   Jahrh.  1903,  x.  p.  137. — 155.  NEnu^ 
La  pistc    el    son    microbe^    Paris,    1900. — 156.   Polvkuini.       "Serumtherapit  g*fa^ 
Bculenpest,"  Miinch.  uicd.  Woch,   1903,  No.  15,  p.  649.— 157.  Shibayama.     "Uehr«" 
die    Agglut.    des   Pestbacillus,"    Centralhl.  f.    Bakt.    1905,    xxxviii.    p.    482.-1^- 
SrKWAiir.     *'Exj)eriments  to  determine  the   Efficacy  of  the  different  Constitoii* 
of    Hatrkine's     Plague     Prophylactic,"   BrU.     Mai.    Journ.     1900,     i.     p.    501.— 
159.     SruoNCJ.     "Vaccination   against  Plague,"    The   Philippint  Journ,  of  Scitvt^^ 
1906,   i.    p.   181.— 160.  Symmers.     "  Rei>oit  on  the  Preparation  of  Plague  S*niB," 
Centralhl.   f.  Bakt.   1899,  xxv.   p.  460.— 161.  Tauaxithix.     "Zur  Frage  derjfwt 
l^ecij>itate  des  AntiiKJatserums,"  Centralhl.  f.  Bakt.  1904,  xxxiv.  p.  555. — 162.  UIS" 
and  Bandi.     "  Bereitung  der  autipestosen  Lymphs  aus  dom  ixsriton.  Exudatrndt^ 
inticirten  Thiere,"  Deutsche  mnt    IVoch.   1900,  No.   29,  p.  463.— 168.  WrioHT  ud 
AViNDsou.     **0n  the  Bactericidal  Effect  exerted  by  Human  Blood  on  Certain  Snd»» 
of  Pathogenic  Microbes,  etc.,"  Journ.  of  Hyg.  1902",  ii.  p.  385.— 164.  Ykrsix.   "Suri* 
peste  bubonique  (sero-therapie),"  Ann.  dc  Vlast.  Pasteur^  Pari.s,  1897,  xL  ]».  81.— l^^" 
Vku.six,  Calmettk.  and  Buiikkl.   **Tia  j>est«  bulxmique,  "  Ann.  dc  I  Inst.  Past^vr, IJft- 
ix.   p.  589.  —166.   Zauolotxy.     "Sur  les  i)ro]>rietes  agglut.  du  seriuii  dans  U  r«rtf 
bubonique,"  Compt.  rciul.  Soc.  dc  biol.  1897,  No.  19,  p.  520. 

W.R 

Prophylaxis  and  Prevention  of  Plagrue. — Tiie  measures  compriail 
under  this  head  have  for  their  object  (a)  to  prevent  the  transmiswB 
of  plague  from  one  place  to  another ;  (b)  to  prevent  the  sprea*!  rf 
plague,  when  the  disease,  or  its  germs,  have  been  introduced  in^ 
any  place ;  (c)  to  remove  or  modify  local  conditions  which  make  tie 
place  a  favoui*al)le  soil  for  the  growth  of  either  endemic  or  imported 
plague. 

(a)  Regulations  intended  to  secure  the  first  of  these  objects  have  been 
known  and  practised  for  centuries.  Since  it  Wfis  long  ago  observed  ll»*^ 
sick  persons  or  contaminated  objects  might  carry  the  infection,  the 
rough  method  of  total  exclusion  was  adopted  to  j)revent  transmission  rf 
the  disease,  liut  when  it  was  found  that  this  i)ractice  involved  compb** 
stoppage  of  trade  and  intercourse,  and  was,  moreover,  not  always  effectni 
the  attempt  was  made  to  permit  intercourse  under  such  conditions  H^ 
the  infection  should  be  kei)t  out.  The  me^isures  founded  on  this  prindplf 
constitute  what  is  strictly  called  (luurantinc.  The  system  thus  alW 
was  framed  by  the  Venetians  about  the  year  1485,  with  a  n^ferencew 
sea  traffic,  especially  to  their  trade  with  the  Levant ;  and  Avas  the  v^^ 
for  all  the  similar  regulations  which  governed  European  trade  for  c* 
turies ;  l»cing  applied,  with  necessary  modifications,  to  land  traffic  ^ 
It  remains  a  marvellous  product  of  Italian  ingenuity;  such  faults a*^ 
had  being  due  to  imperfect  knowledge,  or  to  mistaken  principles.  Ti* 
system  consisted  in  careful  examination  of  all  ships  coming  from  ixi^ 
or  suspected  countries  ;  the  detention  of  those  to  which  any  suspici* 
attached,  and  the  removal  from  them  of  all  persons  and  mcrchandiK  V* 
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ric^c^ly  isolated  buildings  called  Lazarettoes,  where  they  were  detained 
r  :£'orty  days.     During  this  time  the  passengers  were  carefully  watched 
r    'tlie  appearance  of  any  symptoms  of  illness,  while  all  merchandise, 
nal  effects,  and  clothing  were  submitted  to  a  minute  process  of 
'ection  by  exposure  to  air  and  sunlight.      If  any  case  of  plague 
c«.  i:Ted,  the  period  of  forty  days  had  to  be  begun  afresh.     The  system 
no^^r  obsolete,  and  need  not  be  minutely  described ;  but  there  can  be 
ttl^    doubt  that  while  it  was  in  force  it  was,  though  not  always  success- 
id,     ^ven   in  Venice,  largely  efficacious  in  preventing  the  introduction 
»f  plague  from  the  Levant  into  European  ports.      At  Marseilles,   for 
iSiBtance,  there  were  several  instances  of  plague  being  arrested  in  the 
quar^tntine  station,  and  not  spreading  into  the  town :    though  on  the 
memorable  occasion  of  1720  these  precautions  failed,  and  plague  forced 
ibe  Ixirriers,  producing  a  celebrated  epidemic.     In  other  Mediterranean 
'ports,  immunity  was  secured  for  many  years.     The  old  quarantine  system 
^as    an   international   arrangement   secured    by    treaties,   and  was   not 
formally  abolished  till  1897.     In  England  it  cannot  be  said  that  any 
quarantine  system  was  ever  regularly  enforced ;  the  policy  in  regard  to 
3plague  oscillating  between  extreme  laxity  and  the  temporary  enforcement 
of  total  stoppage  of  traffic.     A  very  rigorous  system  recommended  by 
Mead  in  1720  never  had  to  be  put  into  practice.     The  first  Act  of 
Parliament  establishing  a  general  quarantine  system  was   the  outcome 
of  a  Parliamentary  Commission  in  1819,  at  which  time  it  was  hardly 
needed     The  system  was  finally  abolished  in  1897  by  the  repeal  of  that 
Act. 

To  prevent  the  spread  of  plague  on  land  the  old  custom,  which  lasted 
^  up  to  the  last  few  years,  was  to  surround  the  infected  town  or  district 
,     *ith  a  military  cordon^  which  persons  were  prohibited  to  cross  under  pain 

of  death.     In  the  eighteenth  century  some  people  were  actually  shot  for 

l)reachea  of  these  rules. 

IrUernational  Agi'eemenis  as  to  the  Prophylaxis  of  PIngw. — The  regula- 

^ons  now  in  force  are  based  upon  the  decisions  of  the  International 

Sanitary  Conventions,  held  at  Venice  in   1897  and  at  Paris  in    1903, 

^rding  cholera  and  plague.     The  later  Convention  added  certain  regu- 

»^ions  as  to  the  destruction  of  rats  on  infected  or  suspected  ships.     The 

**iief  provisions  agreed  to  at  these   Conventions  are: — (1)  That  every 

^vernment  must  immediately  notify  to  the  other  Governments  the  first 

appearance  of  recognised  cases  of  plague  in  its  territory  ;  and,  beside 

^^ner  details,  the  presence  of.  that  disease  or  of  unusual  mortiility  among 

^^  and  mice.     (2)  When  several   non-imported   cases  of  plague  have 

^*^*Urred  in  a  certain  place,  that  local  area  shall  be  declared   infected ; 

^i  the  Government  of  that  country  shall  take  measures  to  prevent  the 

*P*^  of  the  epidemic.     Other  Governments  may  adopt  any  measures 

***ejr  think  proper  with   regard    to  arrivals   from   an   infected   area   or 

^Jj^try,  but  must  immediately  make  these  arrangements  public.     (3) 

*0  prevent  exportation  of  plague  from  infected   ports   there  must  be 
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medical  inspection  of  the  crew  and  passengers  of  outward-bound  ahi 
detention  of  persons  with  suspicious  symptoms,  and  disinfection 
suspected  articles.  (4)  To  prevent  importation  of  plague  by  ships  fr 
infected  |X)rts,  special  measures  are  authorised.  After  medical  inspect 
such  ships  are  declared  yalthy,  if  they  have  left  the  infected  port  for 
days  or  more  and  plague  has  not  appeared.  If  cases  of  plague  hi 
occurred  on  boanl,  but  not  within  twelve  days,  such  ships  are  deck 
smpeded.  If  plague  has  occurred  on  board  within  twelve  days,  the  shi] 
infected.  These  are  differently  treated.  Healthy  ships  are  subjectetf 
no  restrictions ;  but  the  crew  and  passengers  are  placed  under  surveiUan 
for  ten  days  from  the  date  of  leaving  the  infected  port ;  that  is,  tha 
names  and  destinations  are  recorded,  and  information  is  given  to  tk 
Health  Authorities  of  the  places  to  which  they  are  going.  In  su^tfki 
ships  those  pfirts  of  the  ship  exposed  to  infection  must  be  disinfected 
and  the  persons  are  kept  under  surveillance  for  five  days  from  the  dated 
arrival.  Destruction  of  rats  on  board  is  recommended.  In  the  case  oi 
infected  ships,  the  sick  are  at  once  disembarked  and  isolated ;  other  per- 
sons are  isolated  for  five  days,  and  kept  under  surveillance  for  ten  d»Jii 
at  the  discretion  of  the  authorities.  Those  parts  of  the  ship  which  kin 
been  infected  by  plague -patients  must  be  disinfected,  and  baggip 
and  personal  effects  also,  at  the  discretion  of  the  authorities.  Katioo 
])oard  must  be  destroyed  as  quickly  as  possible ;  and,  in  any  case,  vitlo 
forty-eight  horn's.  Even  a  healthy  ship  in  which  rats  affected  with  plig* 
liave  been  found,  or  where  there  has  been  an  unusual  mortality  of  ihei, 
is  subject  to  similar  rules  for  destruction  of  rats,  disinfection,  and  wr 
veillance  of  i)er8ons. 

Liuid  QwtranJiM. — The  regulations  for  quarantine  on  land  frontiff 
are  much  simplified.  The  old  system  of  "  Sanitary  Cordons,"  inteodee 
to  prohibit  all  communication  with  an  infected  place,  is  now  recognieet 
as  useless,  and  as  having  special  dangers  of  its  own.  But  there  istofc 
medicnl  inspection  at  the  frontier  of  all  travellers,  with  detention  of  ad 
or  suspicious  cjises,  and  disinfection  of  personal  effects  belonging  tosud 
persons.  Merchandise,  in  general,  is  not  subject  to  detention,  but  exch 
sion  or  compulsory  disinfection  may  bo  applied  to  certain  articles  tf 
personal  use,  such  as  rugs,  clothing,  bedding ;  Jind  to  raw  hides,  anima 
refuse,  hair,  and  the  like.  Postal  traffic  is  not  interfered  with.  Spedi 
re<<ulations  wore  made  bv  the  Paris  Convention  of  1903  for  tnft 
through  the  Kod  Sea  and  the  Suez  Canal,  and  for  pilgrimages  to  Mee* 
which  need  not  be  considered  here. 

Prevenfire  Measmoi  agninst  Plagiw  in  the  United  Kingdofiu -^T^* 
regulati(>ns  now  in  force,  under  the  authority  of  the  Local  GrOverniK* 
Board,  against  the  introduction  of  plague  are  Imsed  upon  the  decision 
of  the  International  Sanitary  Conventions,  and  were  summarised  * 
follows,  by  tlie  late  Sir  Richard  Thome  ^ : — (1)  Medical  examination 

'   "  Itt'jtorts  ami  Pa})ers  on  BulMmie  Plague,  issue«l  by  the  Local  Government  B*** 
1902."  i».  .'J4.     The  complete  regulations  may  be  louml  in  the  same  volume. 
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I  f>«rsons  on  board  ships  arriving  from  infected  or  suspected  ports ; 
)  -Iriemoval  to  an  isolation  hospital  of  any  person  suffering  from  plague, 
•  s-iJLspected  plague;  (3)  Disinfection  of  articles  believed  to  have  had 
;)pc:>T^unity  of  becoming  infected ;  (4)  Disinfection  of  those  parts  of  the 
ess^l  occupied  by  the  case  of  plague,  or  suspected  plague ;  (5)  The  taking 
f  lygfcines  and  addresses  of  all  persons,  including  the  crew,  on  board  ships 
rbex^^  plague,  or  suspected  plague,  has  occurred ;  such  persons  being 
Lt  lifcerty  to  proceed  to  their  destinations  \  (6)  Transmission  of  these 
Qftia^^  and  addresses  to  the  sanitary  authorities  of  the  respective  districts 
ooncemed,  with  the  view  that  these  newly  arrived  persons  be  kept  under 
the  supervision  of  the  Medical  Officer  of  Health  for  ten  days.  The 
enfoi^cement  of  these  precautions  is  directed  by  several  memoranda  issued 
by  t.li.e  Board.  A  supply  of  Haffkine's  prophylactic  is  kept  in  readiness 
by  the  Board,  to  be  supplied  to  any  Medical  Officer  of  Health  who  may 
reqnire  it.  Arrangements  have  been  made  for  testing  by  a  bacteriological 
expex-t,  appointed  by  the  Board,  the  diagnosis  of  any  plague  cases  that 
nifty   l)e  reported. 

-A.  special  memorandum  refers  to  Ship-bo7'ne  Bats  and  Plague,  of  which 

the    following  are  the  chief  heads: — (1)  On    the   arrival    of   a  vessel 

wber^eon  plague,  or  suspected  plague,  has  occuiTed,  methods  should  be 

taken  to  destroy  the  rats  on  board  the  vessel.     Until  this  has  been  done, 

endestvour  should  be  made  to  prevent  rats  leaving  the  ship  by  mooring 

the  Vessel  in  an  isolated  position,  and  by  placing  guards  on  cables  and 

hftw-sers  used  for  mooring  purposes.     (2)  In  the  case  of  vessels  arriving 

from  infected  places,  even  if  no  plague,  or  suspected  plague,  have  occurred, 

•tnct   inquiry  should  be  m^de  as  to  mortality  or  sickness  among  rats 

duniig  the  voyage.     The  body  of  a  sick  rat  should  be  obtained,  in  order 

to  ««certain,  by  bacteriological  examination,  the  nature  of  the  malady 

•ffccting  them.     (3)  Exceptional  sickness  or  mortality  on  board  of  any 

TCBsel  arriving  in  the  district,  from  whatever  port,  should  be  viewed 

with  suspicion.     (4)  Bats,  when  destroyed,  should  not  be  handled,  but 

cremated.     (5)  In  the  event  of  the  ship-rats  being  found  to  be  infected 

▼ith  plague,  all  parts  of  the  vessel  frecjuented  by  those  animals  should 

\)e  disinfected.     (6)  The  authorities  of  seaport  towns  invaded  by  plague 

diould  endeavour  to  secure  the  destruction  of  all  rats  in  the  town,  and 

to  prevent  their  making  their  way  on  board  vessels  lying  in  the  port 

(same  Report,   p.    54).      These  measures,   which  are   evidently  of  the 

bigbeat  possible  importance,  appear  in  several  instances   to  have  pre- 

.       vented  plague  from  becoming  established  in  our  seaport  towns. 

,  W  Prevention  of  the  Spread  of  Plague  in  an  Infected  Locality. — 

^     When  plague  has  once  appeared  in  any  inhabited  place,  measures  are 

4     .'*9'^'red  to  limit  its  spread,  to  prevent  other  persons  from  becoming 

i      .^^  Slid  to  destroy,  as  far  as  possible,  the  active   bacilli   present, 

I   1    ^^^^r  these  are  attached  to  the  objects  surrounding  the  sick,  or  in 

^   /^^2Jtna,]s,  especially  rats.     Formerly  attempts  were  made  to  isolate 

^  ^/feetion  by  shutting  up  the  houses  in  which  cases  of  plague  occurred 

^  tl2G    inmates  had  either  died  or  recovered.     This  was  notoriously 
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tho  method  adopted  in  the  old  London  epidemics,  including  the  gwi 
plague  of  1665.  These  measures  were  not  only  cruel,  as  invohing  tk 
almost  certain  infection  of  most  of  the  inmates  in  the  affected  house,  but 
dangerous,  as  such  a  house  was,  by  concentration,  converted  into  a  more 
virulent  focus  of  plague  than  it  was  originally. 

The  measures  now  Jidopted,  which  were  also  recommended  by  tbe 
more  enlightened  sanitary  authorities  even  in  old  times,  aim  at  isohtioi 
of  the  disease  by  evacuation  of  the  house,  the  inmates  being  convejred, 
if  already  infected,  to  a  hospital,  or,  if  unaffected,  to  an  oWrvatioB 
hospital.  The  rules  now  laid  down  by  the  Local  Government  Bjard  a 
this  country  require:  —  (1)  Immediate  notification,  enforceil  umk 
penalty,  to  the  Medical  Officer  of  Health,  and  by  him  to  the  Ceninl 
Boai^cl,  of  every  recognised  (or  suspected)  case  of  plague.  (3)  ProBpt 
scientific  diagnosis  by  bacteriological  testing  of  material  from  such  cues. 
To  assist  in  the  identificiition,  arrangements  are  made  by  which  fsA 
material  may  be  sent  by  the  Medical  Officer  of  Health  to  the  Cental 
Authority  for  examination  by  exj^erts.  (3)  The  measures  to  be  takei 
to  i)revent  the  spread  of  plague  are,  generally  speaking,  those  a\'aiU)b 
against  the  more  ordinary  epidemic  disejisos.  "These  include  promj* 
removal  of  the  sick  persons  to  hospiud  and  their  isolation  therein;  tk 
destruction  or  thorough  disinfection  of  all  infected  articles,  with  il» 
effectual  disinfection  also  of  the  invaded  dwelling-place ;  the  keeping 
under  observation  during  ten  days,  aft^r  detection  of  each  plagw 
cfise,  of  all  persons  who  have  been  in  contfict  with  the  patient,  «m1 
house-to-house  visitation  for  the  discovery  of  unreported  or  suspiciow 
cases ;  the  abatement  iis  speedily  as  possible  of  all  insanitary  conditiooi 
in  the  locality  which  may  tend  to  the  spread  of  the  disease ;  and,  in  ib< 
case  of  death,  the  prompt  disposjU  of  the  corpse,  with  all  due  pivcautioni 
against  its  l)ecoming  a  source  of  infection."  ..."  An  essential  measoTB 
of  precaution,  in  view  of  the  observed  relation  between  plague  in  raw 
and  plague  in  the  human  subject,  will  be  the  prompt  destruction  of  ^ 
rats  in  districts  threateneil  or  invaded  by  plague,  care  being  taken  thii 
their  carcases  are  collected  and  burnt  without  being  unduly  handled" 
(94). 

For  the  protection  against  infection  of  doctors,  nurses,  and  others  in 
attendance  on  the  sick,  or  otlierwisc  exposed  to  infection,  the  Boani 
recommends  the  use  of  Haffkine's  plague  i)rophylactic^  and  is  prepared 
to  issue  this  material  to  the  Mediciil  Officers  of  Heidth  of  districts  actually 
invaded  by  plague. 

For   the   disinfection   of   contaminated   objects,  and    for  floors,  the 
Board  recommends  the  solution  of  perchloride  of  mercury  as  generally 
used  (common  sublimate,  half  an  oiuice ;    hydrochloric    acid,  one  ftii* 
ounce,  with  tivo  grains   of  aniline  blue  in  three  gallons  of  water),  *" 
1  per  cent  solution  of  chlorinated  lime,  or  1  in  50  of  formalin.    Ffr^ 
disinfecting  the  interiors  of  rooms  chlorine  gas  is  preferred  to  sulphuroc*^"' 
acid  ;  but  sj>raying  of  a  liquid  disinfectant  (as  above)  on  the  walls 
floors  is  more  efficacious.     In  a  later  report  (1904)  the  Board  gives 


nuulu  of  examinalion  by  Dr.  Haldnne  of  the  ClHytou  method  for 
liiaiiifeciing  ships  and  killing  rata  on  board  ship.  This  method  is  also 
■J'plied  lo  the  disinfection  of  houses.  It  consists  essentially  in  the 
(vtnbuation  of  sulphur  at  ii  very  high  temperatme,  producing  not  only 
sulphurous  acid,  but  sulphuric  anhydride  Jind  other  sulphur  products. 
This  process  haa  been  carefully  tested  by  Dr.  Simpson,  Dr.  Hewlett,  and 
others,  mid  found  to  be  the  most  antisfactory  and  efficient  method  for 
tlie    |>urpoBes  mentioned  above  (Simpson,  p.  359,  391,  etc.). 

I'be  regitlations  summarised  above  agree  in  the  main  with  those 
ciiTi«l  out  in  all  countries  where  plague  has  appeared,  and  tn  some 
plao<>s,  as  in  Gtiisgow,  with  conspicuous  success  ;  but  modifiL'utions  are 
oeceaairily  i-equired  by  local  circumstances.  In  the  Indian  cities  popular 
op^xjsiiion  made  it  impossible  to  carry  out  such  measures  thorou(;bly. 

Ill  the  Indian  \illages  and  small  communities,  a  complete  evacuation, 
wills  the  removal  of  the  population  to  temporary  camps  while  their 
dwellings  were  being  disiniected,  was  found  to  be  very  efficacious  in 
chectting  epidemics,  and  was  successfully  carried  out  in  the  villages  of  the 
Punjab,  by  Captain  James.  Similar  measni-ea  had,  indeed,  been  adopted 
^y  tbe  inhabitants  of  the  Himalayan  villages  of  their  own  accord.  In 
Cat>M  Town  some  plague-infected  areas  were  completely  cleared  of  their 
native  jiopulntion,  who  were  provided  with  temporary  dwellings  in 
iHOtfcer  quarter ;  and  thus  the  plague  was  completely  stamped  out 
iunc»ng  the  native  population  (Simpson). 

For  the  destruction  of  rats,  besides  ordinary  methods,  the  introiluc- 
tiou  by  Daiiysz  of  a  bacillus  pathogenetic  to  them  has  been  widely  use«l 
■or  their  deeti'uction.  In  some  places  this  method,  of  which  the  details 
'^'*1ot  here  be  given,  has  been  very  efficacious;  in  otlier  places  much 
'***  80.  Success  appears  to  depend  upon  measures  adapted  to  maintain 
'"B  ^l^^leIlce  of  the  cultures.  It  has  been  applied  either  by  inoculating 
1  "Uiubcr  of  rata,  who  are  then  set  free  to  infect  their  brethren,  or  by 
Jwtt-iijuting  articles  of  food  impregnated  with  the  virus. 

}n  the  disinfection  of  contaminated  objects,  it  has  been  shewn  that 
*^>>«D8nre  to  abundant  fresh  air  and  simlight  are  important  adjuncts  to  all 
*|*t'isi!ptic  treatment;  and  may  indeed  be  elficacious  without  chemical 
^•s,  though  requiring  a  much  longer  time. 

All  measures  adopted  to  prevent  the  spread  of  plague  arc  based  upon 
'^^  supposition  that  the  disease  is  directly  or  indirectly  communicable 
"^kta  the  sick  to  the  healthy  :  and  though  it  has  been  shewn  that  the 
'**itagioeity,  in  the  ordinary  sense,  of  plague  is  very  limited,  it  is  better 
"'  proceed  on  the  supposition  that  it  may  be  thus  conveyed.  The 
'''Mcnllies  raised  by  adopting  this  hypothesis  are  less  important  than  the 
■  >s?ible  dangers  of  neglecting  the  precautions  thus  suggested. 

There  may  be  some  doubt  as  to  whether  what  are  called  onlinary 
'>uiitary  precautions — cleanliness,  attention  to  drainage,  prevention  of 
""■'fircrowding  in  dwellings,  etc. — have  any  great  influence  in  limiting  the 
■preod  of  plague ;  but  there  can  be  no  doubt  that  tbe  neglect  of  these 
renders  wiy  inhabited  place  a  favourable  soil  foi'  the  growth  of  the  germs 
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of  plague  ;  and  that  in  plticea  which  exliibit  some  approach  to  "aonituy 
perfection  "  the  disease  is  far  less  likely  to  establish  itself. 

J.  F.  Payni 
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MALTA   FEVER 

By  J.  Lane  Notter,  M.A.,  M.D. 

Synonyms  :  Mediteirane(in  fever ;  Gastrk  remittent  and  Bilious  remiilff^ 
ferer  ;  Medifenaimni  gastric  remitt^mt  fever  ;  La  fehbre  gastnMvm; 
Fffc/hnuilnrial  fever ;  Intermittent  typhoid ;  Adeiuhtyphoid ;  Febru(» 
ItUcaia  ;  Febns  sudoralis ;  Typho-malarial  fever ;  Pythogenic  septutrrm; 
Rod'  ferer ;  Neapolitan  fever  :  Ihiniibian  feve)'. 

Short  Description. — An  endemic  fever  of  long  duration  (usually  lasting 
from  a  few  weeks  to  many  months),  accompanied  by  profuse  perspin^ 
tion  and  constipation,  and  often  followed  by  pains  of  a  rheumatic  or 
neuralgic  character,  with  swelling  of  the  joints,  orchitis,  and  tendem«i 
and  enlargement  of  the  spleen.  The  disease  is  further  characterised  bv* 
small  mortality,  tedious  convalescence,  a  constant  liability  to  relapses,  vA 
well-marked  anjemia.  The  term  "Undulant"  fever  was  suggested  hj 
Hughes  (11),  but  as  Col.  Bruce  has  shewn  these  undulations  are  merely 
recrudescences  or  relapses  of  the  fever,  which  may  occur,  and  often  do,  in 
enteric  and  other  fevers. 

History. — In  th(i  Epidemira  of  Hippocrates  there  are  passages  which, 
making  allowance  for  the  differences  between  the  modes  of  thought  nsi 
expression  of  his  day  and  those  of  our  time,  might  almost  pass  for  a  brief 
description  of  the  disease. 

The  earliest  mention  of   this   fever  is  found  in  the  reports  of  th© 
medical  officers  of   the   navy  and   army  in   the  early  part  of  the  W 
century.     That  it  undoubtedly  existed  not  only  in  Malta,  but  also  i«* 
other    parts   of    the   Mediterranean,   is   very  clear    from    these  repof**" 
Burnett,  writing  on  the  fevers  of  the  Mediterranean  in   1816,  descri^ 
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tilts  digeiue  aa  being  one  of  a  severe  remittent  malarial  character.  It  was 
fjiially  prevalent  among  the  British  occupanta  an<l  the  native  [wpulation, 
'"It  in  both  possibly  somewhat  modified  by  the  food  and  insanitary  con- 
ditions existing  al  tliat  date.  That  it  was  the  same  fever  as  we  are  now 
'lisciiasing  is  evident  from  the  statomente,  "Though  fevers  are  more 
criiiimon  than  in  England,  they  occasion  less  mortality  than  in  the  United 
Kiiigriom";  and  again,  "Rheumatism  was  common,  and  often  extremely 
intractable." 

In  the  few  published  writings  of  the  older  medical  officers  of  the  navy 
atid  anuy  it  does  not  appear  that  the  primary  fever  of  this  iliseaso  was 
"iisiinguished  from  the  malarial  remittent  or  continued  fevers.  It  was 
HOC  till  after  the  Crimean  war  thai  the  distinction  began  to  be  made, 
liuring  the  years  1904-5-6  important  investigations  have  been  under- 
taken by  a  Committee  appointed  by  the  Royal  Society,  at  the  request 
"f  the  C<)lonial  Office,  Admiralty,  and  War  Office  (16). 

Geographical  Distribution. — The  island  of  Malta,  from  which  this 
li'^er  lakes  ita  name,  is  built  Up  of  sedimentary  rocks,  which  have  been 
'i'\  itled  into  upper  and  lower  limestones  and  various  intermediate  beds  of 
"itiOstone,  traversefi  by  innumerable  fissures.  It  is  but  scantily  covered 
")'  soil.  The  sui'face  presents  the  appearance  of  an  inclined  plane,  sloping 
^Ta«iitally  to  the  south-west.  The  island  contains  neither  river  nor  lake, 
'^"•1  from  its  geological  structure  and  the  absorbent  nature  of  the  soil  lias 
'•"-le  marshy  or  swampy  ground.  There  is  no  exuberant  vegetation, 
'"Hahwood  or  forest ;  the  verdure  is  scanty,  and  the  greater  part  of  the 
•I'l-fcice  presents  nothing  to  the  view  but  the  arid  rock.  The  most 
I^evalent  winds  are  from  tbe  south-east,  soutli,  and  north-west.  That 
'Kjtn  the  south-east,  termed  the  sirocco,  is  common,  and  prevails 
111") tici pally  during  tbe  autumnal  months.  The  annual  mean  temperature 
''  *i8"  F. :  in  the  hottest  month  (July  or  August)  it  is  ST'  F. ;  in  the 
'"tilest  month  (January),  56''  F.  ;  tbe  extreme  yearly  range  (from  highest 
n>  lowest  tf-mperuture  in  tbe  shade)  is  E>6°  F.,  namely,  from  96°  F.  in  July 
1"  41J'  F.  in  January ;  the  mean  yearly  range  is  about  48°  F.  The  gi'ealer 
|Birt  of  the  rainfall,  which  is  almut  twenty-four  inches,  falls  in  November, 
l>«eeiDber,  and  January.  During  tbe  summer  tbe  island  is  almost 
miulein. 

That  the  fever  is  not  confined  to  Malta  there  is  now  ample  proof.  It 
has  long  been  recognised  as  identical  with  the  "  rock  fever  "  of  Gibraltar, 
"'hich  view  Donaldson  (15)  also  confirms.  VeaJe  (15),  who  has  seen 
■"•ny  cases,  believes  that  the  fevers  of  Malta,  Gibraltar,  aii<l  Cyprus 
*"*  all  one  and  the  same  disease.  In  Italy  it  haa  been  described  as 
""■rarring  at  Naples,  Benevento,  and  Civita  Nova  del  Samo.  Tomaselli 
""*  seen  a  largo  number  of  cases  in  Catania  in  Sicily.  In  Constantinople, 
MfwiiJiiig  to  Patterson,  this  fever  is  common,  and  is  known  under 
^i"^  vagne  term  "country  fever."  Capetanakis  states  that  this  fever 
'*''di  to  become  frec]uent  in  the  town  of  Candia,  and  is  known  by  various 
"""ea,  such  ns  "  Italian  fever,"  "  Neapolitan  fever,"  and  ao  on.  Apparently 
"  *''w  unknown  there  a  few  years  ago  (Bruce),     As  the  result  of  three 
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years'  careful  study  of  this  disease,  Milnes  is  convinced  that  i 
is  prevalent  in  all  parts  of  the  shores  of  the  Mediterranean  and  Be 
Sea  ;  a  case  of  fever  at  Saw^ken  or  Massowah  will  not  present  featon 
very  different  from  those  of  a  case  at  Malta  or  Naples.  Oliver  has  see 
and  treated  cases  of  fever  contracted  on  the  banks  of  the  Danube  wUc 
were  neither  pure  malaria  nor  enteric  fever.  The  cases  were  charact€ 
ised  by  long  duration,  small  mortality,  and  frequent  relajises.  Ki 
has  shewn  conclusively  that  Malta  fever  is  endemic  in  certain  par 
of  the  Orange  River  Colony,  and  ]\Iajor  Lamb  has  isolated  ti 
M,  melUenm  from  the  spleens  of  a  number  of  persons  suspected  to  1 
suffering  from  Malta  fever  in  the  Punjab.  It  has  also  been  reported  fra 
China,  Fiji  Islands,  North  America,  West  Indies,  and  South  Amerie 
From  this  it  is  clear  that  this  fever  is  not  limited  to  any  one  place,  Ui 
appears  to  diffuse  itself  over  a  wide  area  within  the  subtropical  regrani 
In  its  secondary  stage,  in  persons  who  have  contracted  the  disease  in  is 
endemic  home,  it  may  be  seen  in  this  country ;  a  case  has,  however,  beet 
reported  as  occurring  in  this  country,  contracted  either  at  Plymouth  a 
London,  but  no  definite  source  of  infection  could  be  traced.  It  has  nera 
spread  in  this  climate. 

Like  other  diseases  belonging  to*  the  tropical  and  subtropical  zone,  it 
is  most  frequently  found  near  the  shores  of  the  sea-coast  and  on  the  haab 
of  large  rivers ;  inland  places  being  comparatively  free  from  its  attach. 
The  smallest  number  of  cases  of  the  fever  occurs  in  the  cold  montk 
The  fever  curve  begins  to  rise  in  May,  and  reaches  its  highest  jwint  k 
July,  August,  and  September.  Although  there  is  a  great  increase  in  tfce 
prevalence  of  Malta  fever  during  the  hot  months,  many  cases  also  oocor 
in  winter. 

Etiology. — Until  the  appearance  in  1887  of  Col.  Bruce's  (2)  claBBcJ 
and  scientific  accounts  of  the  fever,  nothing  definite  was  known  as  to  iw 
causation.  From  the  accessible  data  available  from  statistics  and  reeord* 
of  the  Army  Medical  Department  (15)  during  the  last  century,  and  fro* 
the  prevalence  of  its  attacks  during  certain  periods  of  the  year,  it  «*• 
early  apparent  that  its  presence  in  Malta  and  Gibraltar  was  connected 
with  faecal  and  orgtinic  matter  from  human  sources.  The  earlier  writtr» 
were  of  opinion  tliat  the  poison  might  be  diffused  in  the  air,  and  that  i^ 
entered  the  human  system  by  way  of  the  respiratory  passages.  Tomaselh 
therefore  alleged  that  it  is  a' fever  of  miasmatic  origin ;  otherwise,  he  5»y«» 
he  was  unable  to  account  for  its  rapid  diffusion  on  a  large  scale.  I** 
Naples  this  fever  is  said  to  frequent  the  low-lying  parts  of  the  town,  «■" 
those  localities  especially  where  the  sewers  are  discharged.  Sewers  tf*" 
sewage  works,  where  these  have  been  undertaken,  as  in  Valettt  **** 
Naples,  appear  to  have  had  little  influence  in  diminishing  the  attac 
Iruh*e<l  these  channels  are  so  frequently  pervious,  and  allow  the  fi 
matter  to  soak  into  the  pores  of  the  soil,  that  they  virtually  becofus 
elongated  cesspools. 

The  Mirrorfh'CKs  meUtcn^m  has  not  been  found  outside  the  bodi 
warm-blooded  animals,  except  under  artificial  conditions.     In  post-mcv 


MALTA  FEVER  425 


examinations  Capt.  Kennedy  found  it  in  the  spleen,  liver,  kidneys,  lymphatic 
glands,  salivary  glands,  blood,  and  bile,  but  not  in  the  intestines.     He 
thinks  the  examination  of  the  lymphatic  glands  the  most  important,  as  they 
are  often  the  only  organs  which  contain  it.     The  members  of  the  Com- 
mittee (16)  already  referred  to  carefully  examined  into  the  various  channels 
by  which  the  micro-organism  might  be  supposed  no  leave  the  body,  and 
could  not  find  the  organism  in  the  expired  air,  the  saliva,  sweat,  or 
scrapings  of  the  skin  :  the  faeces  were  examined  by  Major  Horrocks  with 
a  negative  result.     The  urine  seems  to  be  one  of  the  main  channels  by 
irhieh  the  micrococcus  leaves  the  body.      Major  Horrocks  has  isolated 
the  M,  melitensis  thirty-nine  times,  and  from  the  urine  of  thirteen  different 
patients.     He  did  not  find  it  earlier  than  the  fifteenth  day  or  later  than  the 
eighty-second  day  of  the  disease.    Capt.  Kennedy  examined  sixty-one  cases 
and  isolated  it  from  the  urine  in  thirty-three.    The  earliest  day  he  recovered 
it  was  the  twenty-first  and  the  latest  the  two  hundredth  and  forty-ninth. 
These  observations  shew  that  the  micrococcus  is  excreted  in  the  urine  of 
Malta  fever  cases  from  about  the  fifteenth  day  of  the  disease  until  after 
convalescence  is  established.   The  number  of  micrococci  present,  except  in 
rare  occasions,  is  small.     Milk  is  an  important  channel   by  which   the 
micrococcus  leaves  the  body.     Major  Horrocks  has  clearly  shewn  that  the 
milk  of  goats  and  cows  contains  the  microbe,  and  there  is  every  reason 
to  suppose  that  human  milk  is  no  exception  to  this  rule.     The  presence 
of  micrococci  in  the  blood  has  also  been  proved.     It  has  been  found  by 
Dr.  Gilmour  in  82  per  cent,   and  Dr.  Zammit  in   54   per  cent  of  the 
cases  examined.     The  channels  by  which  the  micrococcus  gains  entrance 
to  the  body  have  been  very  carefully  investigated  by  the  Commission. 
The  weight  of  evidence  is  against  its  being  spread  by  actual  contact 
It  is  very  doubtful  whether  it  can  be  conveyed  by  dust ;  ordinary  dust 
contains  few  micrococci,  and  up  to  the  present  there  is  no  proof  that 
insty  as  it  occurs  under  natural  conditions,  ever  conveys  the  disease. 
Infected    water   plays    no   part   in    the   dissemination  of    the   disease. 
**No  connexion  has  ever   been   demonstrated  between  any  particular 
branch  of   the  public  water-supply,  nor   any  particular  well  or  ttmk, 
and  an  outbreak  of  Mediterranean  fever,  though  such  connexion   has 
^n  shewn  with   outbreaks   of   enteric  fever  in  Malta"   (Johnstone). 
The  use  of  ice  and  aerated  waters  (which  latter  is  carried  on  under 
Government  supervision)  has  also  been  inquired  into,  but  no  connexion 
Iws  ever  been  traced  between  these  and  Malta  fever.     There  is  no  evidence, 
and  no  suspicion  ever  seems  to  have  been  excited,  that  aerated  waters  or 
Jce  was  a  cause.       Milk  is  probably  the   most  important  medium  in 
conveying  the  micrococcus  from  animals  to  man.    The  Commission  found 
*nat  about  50  per  cent  of  the  goats  in  Malta  responded  to  the  agglutina- 
^^  test^  and  that  10  per  cent  excrete  the  M.  melitevsis  in  their  milk. 
.^^  excretion  mav  continue  for  three  months  without  any  symptoms  of 


^he  cfy. 


L  a/an  ^^^^^^  ^n  the  goat  or  change  in  the  appearance  of  the  milk.  It  was 
Y  th  ^^^'^^^^  t-hat  monkeys  fed  on  infected  milk  contracted  the  disease,  and 
y        ^  can   be  little  doubt  that  this  also  occurs  in  man. 
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Whether  the  disecose  is  propagated  by  the  bites   of   biting  insectt^ 
such  as  mosquitoes,  fleas,  is  still  undecided.     Both  Major  HorrocksaaJ 
Capt.  Kennedy  believe  it  to  be  extremely  probable  that  human  beiDp 
are  infected  by  the  bites  of  infected  mosquitoes,  and  Dr.  Zammit  staM 
that  ht*  infected  a  monkey  by  allowing  mosquitoes  (SUgomyui  /aswti\ 
that  had  previously  fed  on  a  Malta  fever  patient,  to  bite  it. 

As  regards  its  remoter  causes  Malta  fever  differs  somewhat  frn 
enteric  fever.  In  the  latter  disease  all  observers  agree  that  thepredK' 
position  is  greater  in  childhood  and  early  adult  life ;  especially  betveei 
the  ages  of  twenty  and  twenty -five.  On  the  other  hand,  although  3Wtt 
fever  is  found  in  the  young  and  in  adults,  men  up  to  thirty-five  years  d 
age  seem  to  suffer  in  the  same  proportion  as  those  whose  ages  in 
between  twenty  and  twenty-five.  Tomaselli  is  of  opinion  that  (ht 
greatest  number  of  cases  occurs  between  six  years  and  thirty  yens  d 
age  ;  a  smaller  number  between  the  ages  of  two  and  six,  and  of  thirtr  to 
fifty ;  and  very  few  above  fifty.  Sex  appears  to  have  little  iDflaeoet 
but  the  disease  is  perhaps  more  common  among  men  than  women. 

It  would  seem  likely  that  intemperance,  by  diminishing  the  powoi 
of  resistance  in  the  individual,  would  increase  the  liability  to  contnrt 
Maltfi  fever,  but  there  is  no  proof  that  it  does  so.  Few  patients  admitted 
to  the  military  hospitals  can  be  classed  as  intemperate,  and  none  an 
broken  down  by  this  cause.  There  is  no  evidence  that  grief,  fear,  <f 
other  emotion  enters  into  the  causation,  and  the  same  may  be  said  fli 
bodily  fatigue  and  overcrowding. 

Formerly  this  fever  was  thought  not  to  be  contagious,  but  recent 
experiments  on  monkeys  indicate  that  Malta  fever  may  be  conveyed 
from  the  sick  to  the  healthy  by  intimate  contact.  Col.  David 
writes  :  "  Having  reviewed  the  influence  of  water,  food,  and  air  with,  oi 
th(i  whole,  a  negative  result,  the  condition  that  appears  to  be  moil 
probably  eftective  in  the  causation  of  hospital  cases  is  the  presence  in  thi 
wards  of  a  large  quantity  of  disease-producing  material  in  the  bodies  of  the 
patients  themselvt*s."  Transmission  by  direct  contagion  is  not  theoreticaDy 
probable  ;  by  indirect  contagion  through  clothing  soiled  with  excretal 
discharges  it  is  not  improbable  in  the  nature  of  the  case,  although  there 
is  no  proof  of  this  mode  of  spread.  In  regard  to  the  transmission  ^J 
foniites.  Major  Horrock's  experiments  shew  that  the  M,  t/w/i/^/iW^  could 
be  recovered  from  khaki  cotton,  khaki  serge,  and  bhmkets  up  to  the 
eightieth  day,  and  Dr.  Shaw  recovered  it  from  blue  serge  on  the 
seventy -eighth  day.  These  experiments  indicate  that  this  form  of  die- 
semination  is  of  practical  importance,  and  that  the  necessity  for  the 
thorough  disinfection  of  the  clothing  is  obvious. 

That  Malta  fever  occurs  in  an  epidemic  form  there  can  be  w 
question.  Marston  (15)  states  that  it  alternates  with  enteric  fever; 
and  that  when  the  latter  disease  is  prevalent  Malta  fever  is  in  abeyance. 
Col.  Bruce  has  noticed  the  same  alternation,  and  Tomaselli  regard?  the 
ffvers  which  occurred  in  Catania  in  1872  and  1878  as  different 
epidemics. 
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"  We  find  oiher  characters  wliich  mark  this  fnver  as  disdnct  from 
.■nt«rie.  In  enteric  fever  it  is  well  recognised  that  the  largest  niimber 
itt'  casea  do  doI  occur  at  the  period  of  greatest  heat,  but  usually  from 
-iv  weeks  to  two  months  afterwards ;  and  the  minimum  is  not  reached 
\iiitil  about  the  same  length  of  time  after  that  of  the  most  intense  cold. 
Oil  tilt!  other  hiuid,  the  season  of  the  greatest  prevalence  of  Malta  fever 
is  July  and  August,  and  the  smiiUest  number  of  attacks  is  in  DecemVier — 
'ho  [v-u  former  being  the  hottest  months,  and  the  latter  having  a  mean 
!  •-mjn'iiiture  considerably  above  the  minimum. 

Bacteriology. — Malta  fever  is  cUie  to  the  introduction  into  the  system 

<.A  liiu  Micmcoceus  mcliteiisis,  first  deacrilied  by  Col.  Bruce  (2)  in  1887. 

i  following  IB  mainly   taken   from  his  description  :    The   coccus  or 

x»-l>acillua  is  about  033  ft  in  riiameter,  and  usually  occurs  singly  or  in 

Kirs,  but  where  grown  in  broth  it  appears  in  short  chains.      In  broth 

Itivations  after  about  ten  days'  incubation  it  is  not  uncommon  to  And 

«ns  of  ten  to  fourteen  members ;  these  are  very  readily  broken  up,  bo 

vtbai  attempts  to  make  permanent  specimens  are  not  invariably  successful. 

I A  bauilliiry  form  also  occurs  in  cultures  which  have  been  grown  at 

Iwdinaiy  temperatures  (18°  C.  to  20°  C),     Agar  cultures  which  have 

n  started  for  a  few  weeks  {e.g.  four)  at  room -temperature  often  consist 

loet  entirely  of  bacilli ;  the  same  is  true  of  cultiu-es  grown  on  geliitin. 

I  ine  length   of  these   bacilli   is  about  two  to  four  times  the  breadth. 

^e  of   them  are  somewhat  curved  (Dui'ham).     It  is  non-motile.     It 

J««ina  t.'iisily    with   all  the  basic  aniline  dyes,  but  loses  its  colour  very 

F  |*pidly   when   treated   with   alcohol   or  other  decoloiu-ising  agent,  and 

'  "  not  stained  by  Gram's  method.     The  absence  of  a  fixative  agent 

"'^es  the  bacteriological  examination  of  tissue  sections  at  present  an 

"" possibility.     It  readily  emulsifies,  that  is  to  say  the  individual  cocci  are 

"^^y  loosely  Iwund  together  and  separate  on  being  stirred  up  in  a  drop  of 

'■'t«r,  ntditce,  for  example,  the  plague  bacillus  in  this.     This  property 

"  'kes  it  very  satisfactory  in  agglutination  experiments.     Its  usual  form 

'  tl>at  of  a  coccus ;  Dr.  Gordon  has  described  flagella. 

The  micro-organism  grows  best  in  nutrient  material,  the  alkalinity 
' '  which  is  slightly  less  than  human  blood,  and  at  a  temperature  of  from 
■      C,  to  38°  C.     It  fulfils  Koch's  postulates  at  all  points. 

On  a  sloping  surface  ot  IJ  per  cent  of  peptone  agar,  at  a  tem- 
i«rature  of  37°  C,  its  colonies  become  visible  to  the  naked  eye  in 
ifom  120  to  125  hours  after  inoculation  from  the  human  spleen. 
^Ticy  first  appear  as  minute,  transparent,  colourless  drops  on  the 
'urfaee  of  the  agar.  In  about  thirty-six  houra  they  assume  a  trans- 
Varent  ainlwr  colour,  and,  increasing  very  slowly  in  size,  become  opaque 
in  from  loiir  to  five  days  from  their  first  appearance.  No  lique- 
liciioii  takes  place.  The  colonies  retain  their  vitality  for  over  three 
I  ■wiHa,  although  they  do  not  increase  after  two  months.  They  cease  to 
I  pw  at  18-5°  C,  and  die  if  kept  long  at  a  moist  temperature  below 
I  iS'S"  C. ;  they  live,  however,  for  a  long  time  in  the  dry  state.  They 
I  *ill  not  grow  as  primary  growths  on  agar  liaving  an  alkalinity  in  excess 
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of  the  blooA  They  can  ulso  be  cultivated  on  gelatin  and  in  bonillui. 
in  the  former  very  slowly  at  a  temperature  of  22^  C.  without  liquefjnj; 
fn  the  latter  they  give  rise  to  a  general  and  increasing  opaqucm 
commencing  on  the  fifth  or  sixth  day,  and  afterwarda  forming  a  wtiti 
precipitate  consisting  of  these  cocci,  without  forming  a  surface  pelliiiit 
They  can  be  observed  in  fresh  splenic  substance,  in  the  liver,  kidiKvi 
and,  during  life,  in  the  blood  of  men  suffering  from  this  fever. 

Morbid  Anatomy. — Of  the  morbid  anatomy  of  MalL-i  fever  then  ii 
not  very  much  to  be  said.  The  principal  appearances  found  on  p* 
mortem  examination  are  those  due  to  fever,  accompanied  by  a  hi^  un 
perature,  and  the  presence  of  same  irritating  poison  in  the  blood.  Tb 
Beroufl,  muacidar,  mucous  and  submucous  layers  of  Peyer's  patcha,  ii 
examined  under  a  low  power,  are  found  normal ;  and  t-hc  cplih^ 
layer  is  continuous  over  the  whole  surface  of  the  gland.  Under  a  hi^ 
power  any  morbid  changes  are  found  restricted  to  the  mucous  and  w^ 
mucous  layers,  and  consist  in  a  slight  proliferation  of  the  ccltuU' 
elements.  The  small  intestine  is  usually  pallid  and  anemic,  excttpl  m 
the  duodenum  and  upper  part  of  the  jejunum,  where  the  mucoiu 
bmne  may  be  more  or  leas  congested  ;  in  the  more  severe  and  d 
cases  this  may  be  accompanied  by  atrophy  of  the  lower  portion  of  tie 
ileum.  The  large  intestine  is  frequently  extremely  congested,  especiiiif 
the  cfBcum.  The  mesenteric  glands  are  but  slightly  enlarged.  T» 
spleen  is  usually  very  much  enlarged,  dark  on  section,  and  the  polp 
soft  and  friable:  it  may  weigh  as  much  as  sixty  ounces;  the  av( 
weight  is  eighteen  ounces  (Bruce).  An  appearance  of  intense  eoi_ 
tion  is  seen  on  section,  the  sinuses  being  enormously  dtatendHi  intb 
blood. 

The   liver  is   congested,   and  presents   a   pigmented   appearand-  « 
section  ;  and  there  is  small  round-celled  iniittrntion  between  the  lobHln 

The  kidneys  are  usually  congested,  with  slight  signs  of  hemorrbi^ 
into  their  substance.     The  capsules  are  easily  separated. 

Period  of  Incubation. — The  conditions  in  which  Malta  fev 
often  render  it  very  difficult  to  anive  at  a  definite  conclusion  ■ 
period   of    inciil>ation.      ITudoubtedly  we    have  some    few   obsorvuiol 
ahewiug  with  tolerable  accuracy  the  time  that  has  inten*ened  betwei 
the  exposure  to  the  cause  and  the  invasion  of  the  illness.     Chartrcs  aU 
that  six  days  after  the   100th  Regimetit  occupied  Verdala  Bamclc 
Malta  cases  of  this  fever  began  to  be  admitted  to  hospital.     Mama 
says  that  ten  days  is  the  probable  incubation-fwriod,  and  gives  two  c 
to  justify  hie  conclusion.     These  are  instances  no  doubt  in  wtucb 
fever  has  been  somewhat  sudden  in  its  onset ;  but  there  are  many  C 
in  which  the  attack  coraes  on  so  slowly  and  insidiously  that  it  is  impooilli 
to  fix  any  limit.      Dr.  Johnstone  concluded  that  the  incubation  of  Md 
fever  is  about  fourteen  days.     CoL  Davies  writes :  "  Ab  we  are  Kt  p 
ignorant  of  the  path  of  infection  in  man,  we  must  assume  that  incul 
may  be  as  short  as  about  a  week,  and  may  be  as  long  as  about  five  vmI 
according  as  the  infection  is  by  inoculation  or  by  feeding.     ~ 


tding.     But  n^fl 
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\  the  rer}'  much  snuitler  dogte  of  pathogenic  material  likely  to  be 
illy  sbsorbed  than  those  used  experimentally  in  the  laboratory,  it 
roltable  that  not  less  than  a  fortnight  should  be  regarded  as  » 
II  puriod,  and  that  the  maximum  period  should  lie  extended  to  six 
■&  at  least."  According  to  oui-  present  knowledge  of  this  disease,  we 
;>  be  far  out  if  we  put  the  incubation -penod  between  six  and 
Uty  daj's,  and  our  most  exact  data  gi^e  fifteen  days  as  probably  the 
nionesi  period  (Bruce). 
I  Oil  account  of  the  long  duration  and  the  constant  relapses  which  take 
e  during  the  pi'Ogi-esa  and  course  of  this  disease,  it  is  impossible  to 
whether  one  attack  confers  an  immunity  from  a  second.  CoL 
e  is  of  opinion  that  such  is  the  case. 
I  General  Symptoms. — The  invasion  of  the  disease  may  be  sudden  or 
tdiuil.  The  aymploms  in  the  early  stage  are  rather  obscure.  The 
\  preceded  generally  by  dyspepsia,  languor,  headache,  chilliness, 
d  iireat  weakness ;  it  is  often  accompanied  with  muscular  pains.  The 
dirainary  stage  is  usually  marked  by  loss  of  appetite,  often  by  headache 
i  backache,  but  seldom  by  I'igor  or  vomiting.  Symptoms  of  gastric 
uigement  manifest  themselves  at  i»i  early  period,  and  persist  more  or 
M  U)  the  end.  After  a  few  days  the  patient  auHers  from  nausea,  some- 
vomiting;  hia  bowels  are  generally  constipated,  though  there 
y  1)6  diarrhosa.     He  feels  cliilly  and  feverish,  and  recognises  that  his 

isiug  day  by  day. 

I  In  the  more  severe  forms  intense  frontal  headache  is  present,  with 
Wgemetit  and  tenderness  of  the  spleen.  The  patient's  lassitude  and 
'lebility  Im'ome  so  great  that  be  ceases  to  take  an  interest  in  anything  ; 
til-  loses  his  appetite  altogether,  and  thi'oughout  the  whole  day  anil  night 
^•:  reouins  hot,  thirsty,  ill,  and  desponding.  There  is  sometimes  an 
"ilmordinary  feeling  of  restlessness,  which  is  frequently  associated  with 
inKimnia.  These  symptoms  may  decline  after  a  variable  period,  rarely 
Iw  tluin  a  week,  more  frequeutly  extending  to  two  or  three,  when  the 
|)stient  fancies  himself  convalescent.  But  in  a  day  or  two  relapses 
"nuF)  nausea  or  vomiting  returns,  with  toss  of  appetite  and  constipation, 
"kieli  Buty  be  followed  by  diarrhoia  of  a  dysenteric  character  :  the  stools 
^Te  devoid  of  any  offensive  odour  :  they  may  contain  mucus  and  blood, 
'"It  liiey  are  usually  dark-coloured,  and  are  never  like  those  seen  in 
■ntcric  fever.  Muscular  pains  increase ;  the  patient  now  becomes  very 
^"i^iiiic.  and  his  spleen  is  enlarged  and  painful  on  pressure. 

In  tlic  more  severe  cases  many  or  all  of  the  preceding  Bymptoms  are 
''KS'^vated ;  the  headache  becomes  so  intense  as  to  be  scarcely  endurable, 
^  tbc  drowsiness  may  merge  into  stupor  with  low  muttering  delirium  . 
'm  proalralion  is  extreme  ;  the  lungs  become  congested,  and  readily  take 
""  *  low  fonn  of  inflammation ;  there  may  be  epistaxis  or  sometimes 
'*inidpt;ible  haemoptysis.  The  pain  in  the  limbs  may  develop  into  very 
''MKled  rheumatism,  with  effusion  into  the  joints.  Endocarditis  or  other 
1 'implications  may  supervene,  and  death  ensue  at  almost  any  period, 
Ih^slire  S$simn. — The   symptoms  of  gastric  and   intestinal   catarrh 


manifest  theiUBelves  at  nn  enrly  stage,  und  persist  more  or  leai^Ulh 
end.  Thti  tongue  is  coated,  white  witb  red  edges,  and  the  papilk  in 
prominent  at  the  base  ;  it  is  large,  flat,  and  flabby,  and  some^mes  muM 
with  the  impress  of  the  teeth.  As  the  disease  advances  the  longw 
becomes  more  or  less  co^ited  in  the  middle,  and  red  at  the  tip  and  e<l^ 
Veale  has  found  tliis  condition  so  constant  that,  so  long  as  it  reii»in*,lie 
never  eonsidera  &  man  free  from  the  liability  to  relapses. 

The  tonsils  are  often  enlarged  and  swollen ;  the  pharynx  caci^ctiid 
and  occasionally  ulcerated.  The  gnma  may  be  spongy,  and  nuty  tM 
freely ;  sometimes  they  are  raw,  sore,  and  slightly  lUcemted.  The  pJw 
is  at  limes  coated  with  an  aphthous  deposit,  but  there  does  not  i^iporw 
be  any  inclination  for  this  to  spread.  There  Is  generally  some  uneniiuM 
at  the  stomach,  with  nausea  after  food  ;  but  vomiting  in  the  early  iU{t 
of  the  fever  is  uncommon,  and  betokens  either  a  sevure  attack  oilbi 
early  stage  of  a  relapse.  The  appetil«  varies ;  when  there  i 
it  is  usually  good. 

The  bowels  are,  as  a  rule,  constipated,  particularly  in  the  miU* 
cases,  but  there  are  many  exceptions  to  this ;  they  are  seldom  regulit, 
often  confined,  and  us  often  as  not  the  [jaiieut  sutlers  from  diarrhtiM,  ^ 
evacuations  being  as  described  above.  The  abdomen  may  be  tympuuti^ 
but  this  is  unusual.  The  spleen  is  always  enlarged,  and  pressure  Qver  H 
causes  pain,  even  in  those  cases  which  are  otherwise  convalescent  fH* 
liver  is  sometimes  enlarged,  and  may  be  tender  on  pressure,  but  iD  Mf 
own  experience  the  enlargement  of  this  organ  is  not  constant  or  oidj 
demonstrated.  When  pain  is  complained  of  it  is  iQ\'ariably  in  th«  Irft 
hypochondrium  and  not  in  the  right. 

Respiraiory  System. — There  is  a  very  general  liability  to  bronchial  <iiJ 
catarrhal  affections.  '  About  the  end  of  the  second  or  the  cummeiicemtii' 
of  the  third  week  evidences  of  congestion  of  the  lungs  appear,  the  aplM 
being  the  parts  chiefly  involved.  The  severity  of  the  congh  and  Or 
pectoration  are  generally  out  of  all  proportion  to  the  physical  signs.  0> 
auscultation  sibilant,  mncuus,  and  rhonchial  rSles  are  heard ;  on  {W 
cussion  there  is  somewhat  diminished  resonance.  This,  in  severe  cue 
may  be  followed  by  congestion  of  the  lower  and  posterior  piirts  of  tl 
lungs,  rapidly  passing  into  pneumonia,  accom^ianied  by  pleurisy  u 
effiision ;  in  almost  every  case  it  occurs  on  the  left  side  The  dyspWM 
and  the  amount  of  blood  in  the  sputa  are  out  of  all  proportion  U  tb* 
conditions  found  on  physical  examinntion.  In  the  more  severe  fonittof 
the  diseu,se  this  inflammation  assumes  a  chronic  character,  and  chronic 
pulmonary  tuberculosis  may  follow, 

Cireulabiry  System. — Palpitation  is  by  far  the  roost  common  sympw* 
With  the  least  excitement  the  heart  beats  with  unusual  rapidity,  uvl 
hnmic  murmurs  become  audible.  The  pulse  ranges  from  eighty  U 
ninety  heats  per  minute,  and  seldom  exceeds  this  diu'ing  the  first  yenit 
of  the  disease  :  during  the  later  stages  the  pulse  gains  in  frequency  10> 
loses  force.  Purpura  frequently  complicates  this  diseitse,  and  q* 
taxis,  htemoptysis,  and  bleeding  fi«ni  the  gums  are  common.     ~'    ~ 
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^Krpuscles  as  a  rule  fall  from  5,000,000  per  cmm.  to  about 
O.  The  white  blood -corpuscles  in  most  cases  are  normal  in 
^  Bruce). 
^:>^rature. — The  temperature  curve  in  Malta  fever  is  extremely 
tTET  ;  so  much  so,  that  it  is  impossible  to  present  any  one  case  or 
<^Vtart  as  characteristic  of  the  disease.  In  the  early  stages  the 
o'f    temperature  usually  presents  a  continued  form  of  fever,  ^vith 

e"X:acerbations  of  temperature  in  the  evening  not  exceeding  one  or 
degrees,  the  temperature  ranging  between  102°  and  104"  F.  In 
^  vtticomplicated  cases  this  condition  lasts  for  a  week  or  ten  days, 
iu  tbe  normal  temperature  is  reached,  and  convalescence  is  established, 
less  favourable  cases,  when  relapses  occur  after  an  interval  of  ten  or 
Ive  days,  a  second  rise  of  temperatiu'e  takes  place,  lasting  about  ten 
twelve  days ;  after  which  the  normal  is  reached  again.  This  may 
followed  by  another  relapse  with  a  somewhat  longer  interval,  and 
b  a  shorter  period  of  fever ;  after  this  the  temperature  again  becomes 
mal,  and  with  comparatively  few  exceptions  this  disturbance  ends. 
]uently  in  the  secondary  stages  of  the  fever  the  temperature,  during 
jjdal  periods,  presents  the  remittent  form.  In  the  early  morning  and 
noon  the  temperature  in  the  axilla  and  under  the  tongue  is  most 
iiently  between  97°  and  101°  F. ;  but  in  the  afternoon  it  rises  more 
!S8,  generally  from  two  to  four  degrees,  and  continues  high  until  mid- 
t,  or  perhaps  a  little  later,  when  defervescence  sets  in  with  perspira- 

(Veale).  In  fatal  cases  the  temperature  usually  runs  up  rapidly, 
tly  before  death  reaching  110°  F. 

Wertwis  System, — The  face  and  expression  are  truly  characteristic 
bis  fever ;  the  pallor,  ansemia,  weariness,  and  despondent  manner 
ken  the  virulent  nature  of  the  poison  and  its  effect  on  the  nervous 
jm.  Delirium,  as  a  rule,  is  confined  to  the  more  severe  cases. 
mnia  is  frequently  mingled  with  an  excessive  irritability  which  is 
1  associated  with  loss  of  memory. 

In  the  secondary  stage  these  symptoms  become  more  conspicuous, 
patient  is  weak,  tremulous,  almost  timid,  and  ready  to  shed  tears  on 
least  provocation.  More  rarely  one  may  observe  aphonia,  or  a 
porary  loss  of  sensation  or  of  motion  in  the  extremities.  These 
ations  from  the  normal  state  exist  in  various  degrees :    sometimes 

sometimes  another  assumes  a  special  pre-eminence.  The  shock  to 
nervous  system,  after  the  graver  attacks,  remains  for  some  time. 

memory  is  considerably  impaired,  especially  with  regard  to  names 

dates,  or  rather  the  chronological  order  of  events ;  the  power  of 
:entrating  ideas,  or  following  out  a  train  of  thought,  is  temporarily 
iroyed,  and  but  very  slowly  returns.  We  must  not  mistake  the 
ital  aberrations,  the  aphonia,  anaesthesia,  hyperaesthesia,  and  so  forth, 
symptoms  indicative  of  permanent  lesions  of  the  brain  or  spinal  cord 
ale).  Neuritis,  especially  in  the  form  of  sciatica,  is  apt  to  occur. 
GtnUo-urinary  System. — One  of  the  most  painful  complications  of  this 
» IB  inflammation  or  neuralgia  of  the  testicle ;  it  occurs  in  about  1 5 
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per  cent  of  the  cases.  The  epididymis  is  the  part  most  usuaUy  affecto&a 
but  not  infrequently  the  body  of  the  testicle  is  involved  aLa  1W 
inflammation  usually  subsides  without  any  active  treatment  TV^ 
average  daily  quantity  of  urine  jiassed  is  between  fifteen  and  twenty-in^ 
ounces  ;  it  is  neutral,  or  very  slightly  acid  when  passed :  there  is  usoaK 
a  deposit  of  lithates  and  phosphates,  but,  apart  fh)m  pre-existing  kkb^ 
disease,  albumin  is  extremely  rare.  In  very  severe  attacks  bile  maj 
present  in  the  urine.     Micrococci  are  present  in  the  urine. 

Iniegn-menUtry  System, — Pallor   and   anaemia  are   perhaps  the 
characteristic  features   in  the   early  stage.      A  condition   apprcnciuLxy 
jaundice    may  also  be   present,  but  this   is  unusual.      Perspiratioa 
profuse,  and  sudamina,  in  greater  or  less  number,  are  almost  an  invui 
able  accompaniment.     Cutaneous  eruptions,  such  as  eiythema,  ecxen^ 
and  eiythema  nodosum,   are   not  uncommon   in  the   secondary  stip 
Many  patients  complain  of  a  tingling  or  pricking  sensation  in  the  ftf; 
forehead,  or  hands,  without  any  condition  to  account  for  it,  except  p 
haps  the  nervous  state  already  referred  to.     The  hair  falls  out  in  neii^ 
every  case,  usually  during  the  secondary  stage  when  the  rheamttfl' 
pains  and  swellings  are  most  severe. 

J rtkulations, — The  rheumatic  pains  rarely  if  ever  occur  during  tk^ 
early  stages  of  the  disease.  There  is  no  constancy  in  the  order  imrini 
the  joints  are  affected.  Sometimes  the  small  joints  of  the  hand  or  ^ 
suffer  first.  In  my  own  experience  the  extremities  were  most  frequeBtif 
involved,  and  the  ankle-joint  by  preference.  The  joints  became  tf- 
quisitely  tender,  not  in  consequence  of  the  amount  of  effusion  pre«* 
which  is  often  inconsiderable,  but  from  the  hyperaesthesia  of  the  intej* 
ment.  The  most  painful  of  all  the  joints  are  the  sacroiliac,  in  which  fc 
least  movement  causes  the  most  intense  pain.  In  such  cases  every  dtt"? 
of  position  is  dreaded,  and  the  {>atient  lies  for  days  in  the  same  pofltiii^ 
risking  the  formation  of  bed-sores,  and  resisting  the  desire  to  ct«o* 
the  lK)wels,  in  order  to  avoid  the  suffering  that  the  movement  entA 
The  tendo  Achillis  and  the  fibrous  structures  round  the  ankle-joint  <* 
fre<[uently  implicated  and  exceedingly  painful ;  oftentimes  the  lumlnf 
aponeurosis  and  the  sheaths  of  the  nerves  issuing  from  the  sacral  pk** 
are  affected,  and  the  pain  nms  down  the  back  of  the  thigh  or  radiaw* 
its  anterior  surface.  Occasionally,  as  in  gout^  the  bursa  over  the  paM* 
fills  with  fluid  and  become  painful ;  but,  more  frequently,  painful  ^ 
like  swellings  form  on  the  ribs  or  on  their  cartilages,  or  even  onw* 
sternum  itself ;  these  have  been  observed  in  patients  who  had  not  ^ 
sented  a  sign  of  syphilis,  either  congenital  or  acquired. 

As  the  blood-serum  of  patients  with  Malta  fever  agglutinates  * 
J/.  111(^1  if rnsis  in  a  specific  manner,  this  test  should  be  employed  for  ** 
recognition  of  the  disease  and  its  differentiation  from  other  fevers. 

Mortality. — The  immediate  mortality  from  this  disease  is  «■*■ 
Col.  Bnice  (2)  states  that  it  is  not  above  two  per  cent,  and  mj^ 
experience  confirms  this.  Danger,  however,  is  to  be  apprcheiw* 
from   continuously   high   temperature,   and   from  such   compKcatiooi  * 
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jMeiuiionia    and    endocarditis.     Excessive    ansmia    may    lead    to    fatal 

Treatment. — The  only  principle  on  which  we  can  tceat  this  fever  is 
tlio  nttional  one  of  supporting  strength  and  combating  eymptoms  us  they 
ms^.  It  has  bilherto  been  found  impossible  by  any  remedial  means 
10  E^rrest  the  disease.  In  the  early  stage,  if  the  patient  suil'er  from 
cont^tipation,  some  mild  laxative  may  be  given.  Except  at  the  very 
beginning  of  the  fever,  a  hot  bath  is  scarcely  to  be  recommended,  as  the 
depression  produced  by  the  disease  is  already  sufficiently  well  marked. 

To  relieve  the  nausea  and  vomiting  a  draught  of  morphine  und 
hy«lrocyanic  acid  repeal«d  occasionally,  or  again  a  few  minims  of 
ctlt>rotlyne,  generally  prove  useful. 

For  the  diarrhcea,  when  the  ordinary  vegetable  astringents  have 
fuleil,  and  especially  where  the  h^emorrhagic  tendency  has  been  a  soiu'ce 
oE  clanger,  the  continued  use  of  the  tinctura  ferri  perchloridj  seemed 
w>  "be  most  Iteneficial.  Ergot  and  ergotin  have  also  been  of  service  in 
arresting  bsemoiThage  when  profuse.  Opiate  enemas  are  especially  useful 
in  checking  the  milder  foi-ms  of  diarrhtea,  and  are  as  a  rule  extremely 
grateful  to  the  patient. 

(jiiinine  has  been  given  in  doses  varying  from  three  to  eighty  grains 
dwly,  hut  without  any  beneficial  ofTect.  It  neither  aiTests  the  progress 
of  ih«  fever  noi'  limits  the  nightsweats  or  the  rheumatic  pains. 

The  hypodermic  injection  of  morphine,  and  the  liniments  of  aconite, 
opiiun,  and  belladonna  are  useful  in  relieving  the  lumlrnr,  sciatic,  and 
articular  pains  ;  salicyb'c  acid  and  the  salicylates  arc  quite  useless ;  and 
the  same  may  be  said  of  blisters,  which  appear  only  to  substitute  t«mpor- 
uily  one  [tain  for  another.  Orchitis  is  best  relieved  by  hot  fomentations, 
t*  which  belladonna  or  opium  may  be  added,  and  by  the  support  of  the 
intUmed  testicle. 

Ill  coses  in  which  the  temperature  curve  rises  suddenly  the  applica- 
tion of  cold  is  probably  the  best  antipyretic.  Cold  sponging  ami 
the  wet  pack  are  useful  in  moderate  cases  ;  but  when  hyperpyrexia 
tWaiens,  immersion  of  the  body  in  a  cold  bath  is  necessary  to  save  life 
•hi  bath  should  be  at  a  temperature  of  68"  F.,  and  its  duration 
snoiild  he  about  ten  minutes;  if,  however,  the  patient  shew  signs  of 
P*3t  weakness  he  should  bo  wrapped  up  in  a  dry  sheet  or  a  light  blanket 
"'"I  put  to  l>ed ;  the  temperature  should  be  frequently  taken,  and  the 
™ui6  repeated  as  often  as  the  temperature  rises  to  103"  F.  or  above  it. 
snoulil  tdg  pulse  shew  signs  of  failing,  or  if  there  bo  shivering  or  any 
other  evidence  of  weakness,  brandy  or  some  diffusible  stimulant  should 
"  given,  and  bottles  containing  hot  water  applied  to  the  feet.  The 
'*w  tttth  should  not  be  use<l  except  in  ciises  of  hyperpyrexia  of  such 
inicniity  that  death  seems  imminent  and  only  to  be  averted  by  energetic 
•restwient. 

Antipyrin  is  usefid  when  given  in  full  doses  at  intervals  of  an  hour, 
*  t*o  or  three  hours.  It  causes  a  fall  of  temperature  in  a  short  time, 
"Bich  however  rises  again  as  rapidly.  Headache  and  muscular  pains  are 
Vl>L  II.— FT.  II  2  F 
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largely  benefited  by  this  drug,  and  in  the  early  stages  it  removes  sleep- 
lessness. 

Careful  nursing  is  perhaps  the  most  important  agent  ai  oor 
disposal.  Food  should  be  frequently  administered,  and  the  patieat 
enjoined  to  make  an  effort  to  retain  it.  In  many  cases  food  of  a  wmi- 
solid  nature  will  be  tolerated  when  liquid  food  is  rejected.  The  dirt 
should  be  very  light,  food  of  the  simplest  and  blandest  description,  sock 
as  milk,  beef -tea,  and  chicken-jelly  flavoured  with  a  little  lemon,  bdif 
appropriate. 

Stimulants  in  the  early  stages  of  this  disease  are  not  to  be  recoo- 
mended.  When  required  they  are  best  taken  in  the  form  of  loeJ 
Moselle  and  soda  water  given  as  an  ordinary  drink,  which  not  only  slukei 
the  burning  thirst  of  the  fever,  but  also  allays  to  a  considerable  degree 
the  irritability  of  the  stomach.  When  the  object  is  simply  to  slake 
thirst,  lemonade  made  from  the  fresh  juice  of  the  fruit  ought  to  be  pVen. 
as  this  prevents  scorbutic  symptoms. 

After  the  acute  stage  of  the  fever  has  piissed  the  diet  may  l>e  varied 
as  much  as  possible,  rice  and  custard  puddings,  fish  and  white  m«at 
being  taken  ;  but  the  return  to  solid  food  must  be  gradual.  Until  the 
temi)erature  has  remained  normal  for  at  least  a  fortnight  the  patieni 
should  not  return  to  his  ordinary  diet. 

The  isolation  of  persons  attacked  by  this  disease  should  be  insistri 
on,  particularly  in  its  early  stages ;  also  the  complete  disinfection  of  Jl 
clothing,  bedding,  and  excreta.  Persons  suffering  from  Malta  fever 
should  not  be  treated  in  the  same  wards  of  a  hospital  with  others  vbo 
have  not  contracted  the  disease.  In  the  light  of  our  present  knowledge 
it  is  very  desiral)le  to  treiit  this  disease  as  an  infective  fever  and  to  adop* 
the  siune  precautions  as  in  other  infectious  diseases. 

Convalescence  can  rarely  be  completed  without  a  change  of  clinaate  '• 
most  patients  rapidly  regain  health  when  transferred  to  this  countnr- 
It  is,  however,  essential  that  this  transportation  should  not  take  phc* 
during  the  fii^st  stages  of  the  disease,  but  when  convalescence  is  portiillj' 
established. 

J.  Lane  Nottkr. 
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Histnrj,  Morbid  Aontomv,  and  Clinical  Feuturca  by  IJol.  Kenneth  Mai*i,f/)1i,  I. M.S., 

ll.D..  LL.D. 
"Iwldgj-and  Epidemiology  by  the  into  EnttM  Hart,  D.C.I,.,  ami  the  Inte  Soloown  C. 

Smilh,  ii.D.     UevSed  V  J-  '^-  W.  .Stki-iiknh,  M.D. 
wtmjology  by  J,  W.  W.  Stephens,  M.D. 

Synonym. — Cholera  Asialka 

"omenelature.— The  Uippoc-ratic  term  cholera  whs  originally  employed 

to  indicate  bilious  dianbcBa.     It  has  come,  in  course  of  time,  to  tw 

"Pp'ied  lo  any  violent  intestinal  flux  ;  such  adjectives  as  simplex,  biliosn, 

°^trss,  infaiittliR,  serosa,  sjiastica,  pernlciosa,  epidemica,  being  used  to 

•'Wiingiiish  varieties.     Tiie  qualifying  adjective  commonly  added  to  the 

^Wt\  cholera,  in  order  to  denote  the  disease  which  is  the  subject  of  tbia 

*''''c|«,  is  founded  on  the  circiimstunce  that  in  some  parta  of  Asia — or, 

■"orie    strictly,  of  India — it  is  perennially  present;   and  that,  when  it 

iinko,  ila  appearance  in  other  countries  and  continents,  it  can  always  he 

^«^  bftck  to  its  Asiatic  birthplace  and  home.     It  is  by  this  geographical 

'"^    that  serous,  spasmodic,  pernicious,  epidemic  cholera  is  known  in  all 

^^    languages  of  Eiirojie.     In  India  it  is  usually  denomiuated  by   the 

—Wnacular  term  fmiza  (Hindustani);    other    Eastern  names  are  EiiiTum 

"^it*  (Tamil),   Oobil  Julab  (Deccan),  Vaiilet  (Telegoo),  Ditbii  (Arabic), 

*       rt  (Chinese),  Visachikd  (Sanscrit). 

DBflnitlon.- — Cholera   Asiatica   may    tie   defined    as   "a  specific   und 

*iiiunicabIo  disease^  in  all  probability  duo  to  a  specific  organism,  pi-e- 

^'ug  enderoically  in  some  part«   of    India,  and    from    time    to    time 

iausetl  efudemicalJy  throughout  the  world  ;  it  is  characterised  by  violent 

'Siting,  purging,  cramps,  collapse,  and  suppression  of  urine,  followed  by 

«urile  reaction  ;  caae-morlality  about  50  per  cent." 
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History  and  Geography. — The  authentic  history  of  Asiatic  cholen 
dates  from  the  yeiir  1817,  when  it  broke  out  violently  in  Lower  Bengal, 
and  bccjime  the  subject  of  close  and  exact  observation.      There  is  erery 
reason   to   believe  that   previous  to   that  date  the  disease   pre^'ailed  in 
India,  and  spread  at  intervals  throughout  Asia  as  it  does  now  ;   but  it  is 
very  doubtful  whether  it  ovei'stepped  Asiatic  limits.      Certain  passages 
in  Sanscrit,   Chinese,   Arabic,  and  Greek  medical  literature    have  hwoi 
supposed  to  refer  to  it ;  but  the  descriptions  of  all  wiiters  before  the  nine 
teenth  century  are  vague,  and  vary  as  the  colliquative,  spasmodic,  febrile, 
or  prostrating  features  of  the  malady  chiefly  arrested  attention.     Cullen. 
for  example,  placed  the  disease  among  the  spasmodic   neuroses,  and  it 
cannot  excite  surprise  that  less  learned  and  accurate  physicians  shonM 
have  seized  upon  partial  aspects  of  it  to  name,  class,  and  descril>e  it,  thiw 
creating  difficulties  of   identification.      It   seems  certain,   however,  that 
Portuguese,  Dutch,  and  Knglish  physicians  found  the  disease  prevailing 
in  India  and  its  dependencies  in  the  fifteenth,  sixteenth,  seventeenth,  and 
eighteenth  centuries;   and  when  the  outbreak  of  1817  occurred  it  ira* 
recognised  a«  a  severe  manifestation  of  a  familiar  scourge.      Since  I8I7 
Asiatic   cholera  has   been   watched  with   keen  interest  wherever  it  btf 
prevailed ;  and  the  facts  relating  to  its  prevalence  in  India  and  elsewhere 
have   been   recorded  with  great  minuteness  and  care.     Vohiminons  « 
these  records  are,  the  story  of  cholera  is  a  very  simple  and  singolarif 
interesting  one.     It  presents  the  pictures  of  a  deadly  dise^ise  prevailing 
perennially  in  certain  parts  of  India,  which  have  been   recognised  as  it* 
home  or  field  of  endemic  lodgment,  where  it  waxes  and  wanes,  but  never- 
altogether  disappears ;  and  of  a  dreud  epidemic  Uiking  its  departure  froo^. 
its  endemic  habitat,  after  a  recrudescence  of  more  than  usual  severitr  ^ 
and  diffusing  itself  along  the  ordinary  routes  of  commerce  and  pilgrinup^s^ 
throughout  the  inhabited  world.     The  history  of  cholera  is  thus  a 
of  repeated  invasions,  presenting  a  remarkable  similarity.     It  is  not  easj 
to  define  with  exactitude  the  endemic  centre  from  which  these  invaaon. 
have   proceeded  :    some   authorities    assert  that  there  are    several 
centres  in   India ;    the  principal   one   is  undoubtedly  the  delta  of  th-*^ 
Ganges  and  the  vast  creek  and  river-netted  alluvial  plain  which  lies  soutl* 
of  its  confluence  with   the  Brahmaputra.      How  far  the  endemic 
extends   up  the  Gangetic  and  Assiim  valleys  it  is  difficult  to  say: 
whether  other  delUiic  regions  in  India,  as  of  the  Godavari  and  KaTer^ 
rivera,  are  also  endemic  areas.     It  has  been  asserted  that  the  disease  i* 
endemic  in  Biingkok,  Canton,  Shanghai,  and  perhaps  other  parts  of  Stf'* 
and  China.     It  is  important  to  note  that,  even  in  its  endemic  hauntAi 
cholera  presents  most  of    the  features   which  characterise  its  epideiU^ 
facics.      It  rises  and  falls,  and  travels  ;    and  if  we  carefully  studj  p***" 
tieular    tracts    of   country,    we    shall  find    that   the   disease  presents   • 
succession  of  outbreaks  and  an  aspect  of  grouping  very  similar  to  wb*^ 
is  observed  in   Europe  when  the  disease  visits  a  susceptible  place  *n" 
people  in  a  favourable  season. 

It  is  observable  that  every  departure  of  cholera  beyond  Indian  linu^ 
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lias   been  preceded  by  an  outbreak  in   India  of   marked  and  unusual 
violence.     Its  westward  diffusions  have  naturally  attracted  most  atten- 
tion ;   but  eastern  diffusions  have  also  occurred — to  the  Straits  Settle- 
ments,  Siam,   China,    and   Japan — which    have  not  been  so  carefully 
investigated.     The  western  invasions  have  taken  place  by  three  routes, 
namely,  (1)  through  Afghanistan,  Persia,  and  Central  Asia,  to  Eastern 
Kussia,  along  trade  routes  crossing  or  bordering  the  Caspian  Sea,  and 
thence  into  the  interior  of  Russia  along  the  Volga ;  (2)  by  the  Pei-sian 
Gulf  to  Turkish  Arabia  and  Persia,  thence  to  Turkey  in  Asia,  and  along 
or  across  the  Black  Sea  to  Constantinople  and  the  Danube ;   and  (3)  by 
the  Indian  Ocean  and  Red  Sea  to  Aden  and  Mecca,  thence  to  Egypt  and 
the  countries  bordering  the  Mediterranean.     The  disease  prefers  a  land 
route  to  a  sea  route,  and  has  sometimes  travelled  westwards  by  more 
than  one  route. 

Seven  distinct  invasions  of  Europe  took  place  during  the  nineteenth 

century.     The  outbreak  of  1817  reached,  but  did  not  enter  Europe.      It 

covered    India  in   1818;    found  its  way  to    Mauritius  and   Burma  in 

1819,  reached  Arabia,  Siam,  Malacca,  and   China  in   1820,  prevailed  in 

Persia  and  Asiatic  Turkey  in  1821,  and  got  as  far  as  Tiflis  and  Astrakhan 

in  1823.     There  its  westward  march  ended. 

The  first  European  invasion  covers  a  period  of  thirteen  years — 
1826-39.  During  the  first  three  years  India  was  extensively  overrun 
by  it;  in  1829  the  disease  was  carried  by  the  Central  Asian  route 
through  Kabul,  Herat,  Bokhara,  Khiva,  and  Orenburg,  as  far  as  Nijni- 
Novgorod;  in  1830  it  travelled  through  Persia  and  by  Resht,  Tabriz, 
Tiflis,  and  Astrakhan  to  Southern  Russia,  eventually  reaching  Moscow. 
Russia  and  Poland  were  then  occupied,  and  in  1831  Northern  and 
Central  Europe;  in  1832  it  invaded  the  United  Kingdom  and  America, 
And  in  1833  France,  Spain,  and  Portugal;  in  1834  Italy  and  North 
Africa  suffered,  and  the  disease  lingered  in  Europe  till  1839. 

The  second  European  invasion  commenced  in  1840  and  ended  in 
1851 — eleven  years.  Cholera  was  carried  to  China  by  our  troops,  and 
after  raging  severely  in  that  empire,  was  conveyed  by  trade  routes  into 
Burma,  Yarkand,  Turkestan,  and  other  parts  of  the  Central  Asian 
plateau.  It  broke  out  in  Persia  in  1845,  in  Arabia  and  Turkish 
Arabia  in  1846,  it  reached  Eastern  Russia  in  1847,  and  in  1848  it 
spread  through   Europe,   visiting  the    United    Kingdom,   and  reaching 

America  via  New  Orleans  from   Havre.       This    epidemic   subsided    in 
1851. 

The  third  European  invasion  covered  nine  years — 1848-57.  It  is 
^Ottght  by  some  authorities  to  have  been  a  recrudescence  of  the  cholera 
^^  1840-51.  During  1848-50  the  disease  ravaged  India  extensively;  in 
1851-52  it  spread  through  Turkish  Arabia  and  Persia,  and  reached 
*^wi;  in  1853  Asiatic  Turkey  and  Northern  Europe  suffered;  in 
^^4-55  the  rest  of  Europe,  Great  Britain,  and  America  were  invaded, 
ims  outbreak,  which  died  out  in  1856-57,  was  the  cholera  from  which 
^  aitny  of  the  Crimea  suffered  ;  and  it  was  during  this  epidemic  that 
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certain  celebrated  observations  were  made  upon  the  agency  of  wattr  in 
cholera  diffusion. 

The  fourth  European  invasion  of  1863-67  took  place  through  Arabia 
and  Egypt,  as  well  as  by  way  of  Persia,  the  Black  Sea,  and  the  Caspian. 
The  disease  occupied  Europe  in  1865,  and  in  1866  it  prevailed  in  Britain 
and  America. 

The  fifth  European  invasion  commenced  in  India  in  18G7 — the  year 
of  the  celebrated  Hard  war  outbreak — and  lasted  till  1873.  Europe  was 
reached  by  the  Persian  and  Turkish- Arabian  route,  and  daring  the  yeaw 
1870-73  the  disease  raged  in  Europe  and  also  in  America,  which  wi» 
reached  through  New  Orleans  from  Jamaica. 

The  sixth  European  invasion,  dating  from  1879,  took  place  rw 
Mecca  (1882)  and  Egy[)t  (1883).  The  countries  bordering  the  Afcdi- 
terranean  suffered  first  and  most,  and  the  disease  lingered  in  these  till 
1887.  Indeed  an  outbreak  in  Paris  in  1892  is  considered  to  have  been 
a  survival  of  this  epidemic.  It  was  in  Egypt,  in  1883,  that  Koch  di^ 
covered  the  ])acillus  which  has  formed  so  prominent  a  feature  of  cholera 
research  in  recent  vears. 

The  seventh  European  invasion   of   1891-95  is  remarkable  for  tire 
unprecedented  rapidity  with  wliich  the  disease  travelled  westward  and 
overspread  Europe.     Beginning  in   Bengid  in   1891,  it  raged  in  Upper 
India  in    1892,  and    in    the   same  year  ravaged  Kashmir  and  Kabul, 
travelling  rapidly  through  Persia  and  Ccntr«il  Asia,  and  spreading  over 
Northern  and  Central   Flurope.     There  was  a  violent  outbi'eak  at  Ham- 
burix,  which  has  so  frotpiontly  endured  severe  visitations.     Cases  occurred 
in  English  seaport  towns,  1)ut  the  epidemic  did  not  ])enetrate  iidand.    In 
1893  sharp  outbreaks  occurred  at  Hull,  Grimsby,  and  Yarmouth,  and  in 
many  adjoining  inland  localities  ;   but  this  country  as  a  whole  cstapci 
This  is  the   hist  occasion  on  which   Asiatic  cholera  has   visited  Great- 
Britain.       In    1894    the    disciise    continued    to   prevail    extensively  i» 
Europe  and  in  Western  Russia,  Galicia,  Belgium,  Holland,  and  France. 
About  half-a-dozen  cases  were  discovered  at  intervals  in  English  seajiort*^ 
but  no  spread  either  in  these  or  inhmd  took  phice.     The  epidemic  snl>- 
sided  and   disa[)poared  in   1895.     In  1896  Egypt  and  the  Sudan  wew 
severely  visited,  l)ut  Euro|KJ  remained  exempt  until  1 904.     A  severe  and. 
extensive  outbreak  occurred  in  India  in  1897 — a  year  of  widespread  aiA 
grave   famine  —  l>ut  no  epidemic   extension  took  place    l>eyond   Indwa 
limits.      In    1898    and    1899    India    was   comparatively    exempt  froB» 
cholera,  but  in  1900,  in  association  ^vith  another  and  worse  famine,  tb^ 
disease  broke  out  with  unusual  virulence,  and  rapidly  covered  the  whol^ 
Eni[)ire.     This  was  the  commencement  of  an   epidemic  which  invadeo 
many  countries  ciist  and  west.      Kashmir  was  visited  in  1900,  and  Japa** 
in  1901.     The  disea.se  appeared  in  Arabia  in  March  1902,  and  broke  (Hit 
among  the  pilgrims  at  Mecca  and  Jeddah.     It  crossed  the  Ked  S«»  ^'^"^ 
the   Italian  province  of  Erythiea,  and  prevailed  in  Egypt  from  Mar  to 
Se])tember.     Cholera  was  also  prevahMit  in  the  Dutch  East  Indies,  Singa* 
pore,    Borneo,   China,   Japan,    the  Philippine  Islands,   Formosa,  and    m 
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Syria  and  Persia.  In  1903  Syria  and  Persia  still  suffered,  and  the 
disease  spread  eastward  to  Palestine,  Asia  Minor,  and  Mesopotamia.  It 
<x>ntinued  to  rage  and  spread  in  the  Far  East.  In  1904  the  Eastern 
outbreak  continued,  and  involved  Asiatic  Turkey,  Persia,  and  Russia. 
The  invasion  of  Russia  came  across  the  Caspian ;  the  tide  of  cholera 
reached  Astrakhan,  Saratov,  Samara,  and  Nijni-Novgorod.  In  1 905  the 
disease  continued  to  prevail  in  certain  parts  of  Eastern  and  Southern 
Kussia,  but  information  on  the  subject  is,  owing  to  the  disturbed  state 
of  the  country,  very  scanty  and  vague.  Cases  occurred  in  Marienburg, 
Hamburg,  and  Berlin.  Stringent  measures  were  adopted  to  prevent  the 
spread  of  the  disease,  and  apparently  with  success. 

From  this  cursory  sketch  it  is  evident  that  human  intercourse  and 

agency  are  the  cardinal  factors  in  cholera  propagation  ;  and  the  main 

question  \vhich  has  agitated  the  public  mind,  and  engaged  the  attention 

of    conferences  and  commissioners  during   these  years,   is  whether  the 

progress  of  cholera  can  be  stayed  by  stopping  communication  between 

infected  and  non-infected  places  by  means  of  a  system  of  quarantine. 

This   question    resolves   itself   into    two  subsidiary    questions,    namely, 

whether  quarantine  be  feasible  and  effective ;    and,  if  so,  whether  the 

disturbance  of  social  life  and  interruption  of  commerce  which  it  implies 

he  justifiable.     Unfortunately  these  questions  have  been  chiefly  debated 

on  theoretical  grounds,  and  have  mainly  turned  on  whether  the  disease 

be  personally  communicable  or  the  reverse.     Sufficient  experience  has 

now  been  gained  to  render  a  solution  of  the  question  possible  on  the 

wrer  basis  of  natural  experiment.     As  regards  inland   quarantine,  the 

experience  gained  by  numerous  trials  in  India 'and  Europe  has  resulted 

m  almost  uniform  failure ;  and  when  the  difficulties  of  imposing  a  rigid 

quarantine  and  the  chances  of  evasion  are  considered  together  with  the 

P^*8ibility   that  dissemination  may  be  effected  by  other  agencies  than 

human — by  animals,  birds,  and  insects,  or  by  wind  and  water — it  is  not 

•trango  that  the  disease  has  so  often  overstepped  the  most  rigid  cordons. 

Q*^rantine  was  abolished  in  England  in  1896.      Maritime  quarantine 

P'^nts  easier  postulates,  and  has  been  attended  with  more  success ;  but 

■™p8,  unless  crowded  with  emigrants,  pilgrims,  or  soldiers  under  unsani- 

^^  conditions,  are  not  such  good  porters  of  cholera  as  caravans,  armies, 

horrleg  of    pilgrims,  and  unsavoury   travellers  by  road  and   rail.     The 

Y^^y  of  detaining  masses  of  men  in  unwholesome  lazarettos,  subject  to 

infection  by  new  arrivals,  has  certainly  proved  disastrous  ;  and  a  system 

of  accurate  and  early  information,  careful  inspection,  isolation  of  the  sick 

*na  suspected,  and  sanitation  general  and  special,  has  been  productive  of 

^"^tet  benefit  than  any  wholesale  attempt  to  hinder  the  movements  of 

^^  Hnd    merchandise.      This  is  the  manner  of  dealinj^  with   cholera, 

P'^gUe,  and  yellow  fever  which  has  been  successfully  practised  in  England 

for  many  years. 

^^ere  are  certain  parts  of  the  earth's  surface,  more  or  less  insulated, 
**ich  have  not  been  visited  by  cholera.  The  most  remarkable  are  the 
''naiuan    Islands   in   the    Bay   of    Bengal,    Reunion,    Australia,    New 
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Zealand,  and  other  islands  of  the  Pacific,  the  Cape  of  Good  Hope  iiod 
West  Coast  of  Africa,  the  interior  of  the  African  continent.  St.  Heleu, 
Ascension,  the  Azores,  Bermudas,  West  C-oast  of  South  Aiiim% 
Orkney  and  Shetland  Islands,  Iceland  and  the  Faroe  Islands,  and  ^ 
colder  parts  of  Europe,  Asia,  arid  America.  This  list  is,  moreorer,  by  » 
means  exhaustive.  There  are  certain  localities  in  all  countries  vtiiA 
have  seldom  or  never  been  visited,  wliile  epidemics  have  ptWiM 
around ;  and  in  uny  outbreak  even  in  India,  the  places  and  [wtkoi 
attacked  are  always  a  minoiity  of  the  whole.  Even  in  Calcuttit,  ^ 
head  centre  and  perpetual  liome  of  cholera,  there  is  a  quarter  of  the  cttj 
which  possesses  as  complete  an  immunity  from  the  i" 
No  better  illustration  than  this  could  be  given  of  the  |>ower  of  sanitatim 
to  extirpate  cholera.  A  study  of  the  statistics  of  European  aji<l  i: 
troops  and  prisoners  in  India  has  made  it  clear  that  during  the  last  lult 
century  a  great  abatement  has  occurred  in  the  incidence  and  mortahtj'  of 
the  disease.  This  satisfactory  result  must  also  be  placed  to  the  c 
improved  sanitation,  general  and  special. 


Etiology  and  EpiDEMioLOfiv 


.be  (^id 


Cholera,  as  is  now  almost  universally  accepted,  is  due  to  a  living 
contagium — Koch's  cholera  bacillus — which,  growing  in  the  intestinet 
of  the  patient,  causes  death  partly  by  the  effect  of  the  toxins  jn-odii«d 
by  it  and  (wirlly  by  the  profuse  purgiug  which  it  sets  up.  The  fortlur 
etiology  of  the  disease  resolves  itself  into  two  factors  ;  first,  the  m«M 
by  which  the  microbe  gains  access  to  the  body  ;  second,  the  condittou 
which  render  the  body  susceptible  to  the  microbe.  Of  the  first  of  th«« 
we  know  much,  of  the  second  little. 

Moih  of  Access. — It  is  certain  that  cholera  is  not  contagious  in  tbi 
ordinary  sense  of  the  word.  Cholera  cannot  be  cai^ght  by  contact,  td 
although  nurses  and  those  who  attend  to  the  sick  are  often  iiflecl^  in 
larger  proportion  than  others,  this  is  readily  explained  by  the  fact  ill*' 
unless  conatAut  care  is  exercised  in  regard  to  cleanliness  of  hands  W 
utensils  they  are  much  more  exposed  than  are  otbera  to  the  known  ui 
recognised  mode  of  infection,  which  is  by  the  mouth.  All  evidoncfl  ^ 
to  shew  that  the  infection  of  cholera  to  take  effect  must  be  swullowed. 

Now,  as  in  all  zymotic  diseases,  the  malei-its  moriii — the  rmilap*'^ 
vkum — greatly  increases  within  the  body  of  the  patient  during  the  pro- 
gress of  his  malady.  During  the  disease  a  minute  amount  of  iufec^oo* 
material  grows  into  an  amount  capable  of  giving  the  infection  to  tbousamiii 
and,  in  the  case  of  cholera,  this  infectious  material  finds  its  exit  from  ill' 
piitient'a  body  in  the  discharges  caused  by  the  disease. 

The  study  of  the  etiology  of  cholera,  then,  is  to  a  large  extent  a  ttaif 
of  the  steps  by  which  matter  that  has  left  one  patient  so  gains  acceM  W 
some  article  of  food  as  to  be  swallowed  by  some  one  else. 

It  is  conceivable  that  in  the  presence  of  a  great  abundance  (rf  tb» 
infection  it  might  be  inhaled  in  the  form  of  dust.    Of   ' '    '  *  ~~ 
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1.0  evidence.  It  is  with  food  and  drink  that  it  commonly  gains  access 
ti^lie  human  body.  Well-authenticated  instances  are  related  in  which 
3  have  appeared  to  carry  the  infection  from  cholera  dejecta  to  milk 
L  various  articles  of  diet ;  and  Haff  kine  has  detected  cholera  bacilli  in 
cimens  of  sterilised  milk,  exposed  in  new  vessels,  to  which  flies  were 

litted  free  access  during  an  attack  of   cholera  (1).      The  use  of 

jra-infected  water  for  washing  cooking  utensils  and  articles  used  in 
X)reparation  of  food  is  another  mode  of  local  distribution  ;  especially 
x^egard  to  the  spread  of  the  disease  by  milk.  In  the  case  of  nui'ses 
1  those  who  attend  to  the  sick,  or  have  charge  of  the  dead,  the  cholera 
son  may,  as  a  result  of  want  of  strict  cleanliness,  be  transferred  to  the 
»vith  by  the  fingers,  either  directly  or  by  means  of  food. 

But  the  great,  the  persistent,  and  the  almost  universal  mode  by  which 
e  cholera  germ  gains  access  to  the  body  is  in  the  drinking-water.  This 
now  so  well  recognised  that  it  is  unnecessary  to  go  again  over  the 
ndeiice  by  which  this  has  been  proved  to  demonstration.  It  may, 
lowever,  be  well  to  refer  to  a  few  of  the  classical  examples  of  this  mode 
rf  cholera  distribution.^ 

A  full  account  of  the  case  of  the  Broad  Street  pump,  which  was 
investigated  by  Dr.  Snow,  is  to  be  found  in  the  Report  of  the  Committee 
f&r  Scientific  Inquiries  into  tJie  Cholera  of  1854.  The  relation  between 
the  incidence  of  cholera  and  the  source  of  the  water-supply  to  difierent 
pwts  of  London  is  described  in  the  Report  of  the  Royal  Coiinimsion  mi 
Waier-Hupply,  1869.  The  outbreak  of  cholera  in  the  East  End  of  London 
fa  1866,  which  was  traced  to  the  supply  of  specifically  contaminated 
^*ter,  is  described  by  Mr.  Netten  Radcliffe  in  the  Report  of  th€  Medical 
Oficer  to  the  Local  Government  Board,  1866;  and  the  great  outbreak  of 
diolera  in  Hamburg  is  described  with  full  statistical  detail  in  the  Report 
9f^  Malical  Officer  to  the  Local  Gocernment  Board,  1892-93. 

There  is  a  good  deal  of  evidence  to  shew  that  water  does  not  act  as  a 
BWre  diluent  and  distributor  of  the  cholera  poison,  but  that  under  certain 
^^itions  the  cholera  bacilli  grow  and  for  a  short  time  increase  in 
^^ence  during  their  sojourn  in  this  medium.  The  persistence  of 
«W)lera  in  a  district  is  indicative  of  more  than  a  single  pollution  of  the 
^*ter-8upply,  and  generally  points  to  a  persistence  of  some  insanitary 
^Widitions  which  favour  repeated  infection. 

It  is  not  always  the  case,  however,  that  the  infection  is  conveyed 
■"jfectly  from  man  to  man  by  means  of  water.  Where  we  find  sudden 
^^'tbursts  of  disease  affecting  large  numbers  of  people  drawing  their  water- 
'''pply  from  a  common  source,  some  direct  and  wholesale  fouling  of  the 
•'Jpply  is  genemlly  the  cause  of  the  mischief.  But  much  more  commonly, 
•specially  near  its  endemic  home  in  India,  cholera  does  not  occur  in 
Sjeat  outbursts ;  small  local  epidemics  arise,  die  down,  and  then  recur. 
*^  cholera  bacillus — existing,  as  we  must  presume,  in  the  foul  soil — is 

^  In  how  wide  a  sense  the  term  "drinking-water"  may  properly  be  applied  is  indicated 
*y  the  alleged  dissemination  of  the  cholera  poison  by  means  of  oysters  which  had  been 
'^poied  to  the  affluence  of  sewage. 
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now  and  again  washed  into  the  wells,  and  so  sets  up  disease  in  thoit 
that  draw  their  water  from  them.  The  key,  then,  to  this  side  of  ibi 
etiology  of  cholera  is  to  be  found  in  the  habits  of  the  people,  and  tlK 
degree  of  care  or  want  of  care  they  exercise  in  the  protection  of  thei 
water-supplies. 

The  natural  home  of  cholera  is  a  laud  of  foul  water.  In  Love 
Bengal,  where  cases  are  reported  every  month  in  every  year,  an  inquir 
into  the  habits  of  the  people,  and  the  condition  of  the  tanks  from  whic 
they  largely  draw  their  water-supply,  is  sufficient  to  show  how  conitii 
are  the  opportunities  both  for  food  and  water,  especially  the  latttf,  t 
be  exposed  to  faecal  contamination.  In  many  of  the  towns  of  Souther 
Europe,  also,  which  have  most  markedly  suffered  from  the  ravages  < 
cholera  (among  these  Naples  and  Marseilles  may  be  specially  mentioned 
it  has  been  demonstrated  that  while  the  water-supplies  had  been  ooi 
taminatcd,  the  habits  of  the  people  had  intensified  the  evils  resultin 
from  this  cause.  On  the  other  hand,  our  own  practical  immunity  duria 
the  epidemics  whicli  have  broken  out  in  Europe  since  greater  attentio 
has  been  given  in  England  to  the  securing  of  pui-e  water,  compared  wii 
our  grciit  mortality  from  cholera  in  earlier  epidemics,  together  with  tl 
grefit  lessening  of  the  cholera  mortality  in  those  towns  in  India  whie 
have  obtfiincd  pure  water  while  epidemics  have  continueil  as  of  old  i 
surrounding  districts,  both  tend  to  shew  that  when  the  habit  of  drinloB 
water  which  has  been  exposed  to  chances  of  fsecal  defilement  is  oix 
broken  cholera  fails  to  take  root. 

Indiridiial  Suar^ptihilUff. — The  etiology  of  choleni  is  not,  howeve 
completely  explained  by  the  statement  that  it  depends  on  the  ingestu 
of  cholera -infected  water;  another  condition  is  also  necessary,  namelj 
the  susceptibility  of  the  individual.  Considerable  differences  exist  iu  tfc 
habits  of  the  various  members  of  every  community;  thus,  it  often  happei 
that  even  where  the  habits  of  the  majority  are  foul,  a  few  are  protcite 
from  receiving  the  infection  by  the  greater  cleanliness  and  propriety < 
their  lives.  Vet  many  fail  to  sicken,  although  they  are  known  to  ki' 
swallowed  the  very  infective  matter  which  at  the  same  time  is  prodooBt 
cholera  in  others.  We  have  proof  of  this  in  every  widespread  w»te 
epidemic  ;  the  number  of  those  who  swallow  the  poison  must  in  the* 
cfises  vastly  exceed  the  miniber  of  those  who  are  attacked  by  the  disei* 
Macnamara  gives  an  instiince  in  which  a  vessel  of  drinking-water  W 
acciilentiilly  polluted  with  fresh  cholera  excreta,  and  after  being  erpoiw 
to  the  sun  all  day  the  water  was  partaken  of  by  nineteen  persons ; » 
these  five  only  subseciuently  suffered  from  cholera.  It  seems  cleir  tW 
the  inhabitants  of  the  iireas  in  which  cholera  is  frecpiently  present,  no*' 
withstanding  habits  which  expose  them  continually  to  chances  of  infecti* 
are  much  less  frequently  attacked  than  new  arrivals  in  the  district*,  nw* 
less,  for  instance,  than  Europeans,  although  when  attacked  they  sncciflA 
more  readily. 

On  the  other  hand  there  is  a  jrood  deal  of  clinical  evidence— rf* 
nature,  however,  that  can  hardly  be  brought  to  the   test  of  statiiU* 
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x>  shew  that  any  disturbance  of  the  balance  of  the  digestive  organs, 
ecially  the  dyspepsia  common  among  drinkers,  and  the  looseness  of 

bowels  often  brought  on  by  eating  over-ripe  or  decomposing  fruit, 
tinctly  tends  to  leave  the  patient  open  to  the  cholera  infection — that 
fact  an  active  gastric  digestion  and  a  healthy  intestinal  mucous  surface 
m  a  considerable  bar  to  attacks  of  cholera. 

So  far  we  have  considered  the  etiology  of  cholera  as  it  affects  the 
lividual.  We  have  shewn  that  although  the  condition  of  the  patient 
a  an  influence  on  the  effect  of  the  attack,  the  immediate  factor  in  the 
eduction  of  cholera  is  the  swallowing  of  an  infection  which  has  come, 
rectly  or  indirectly,  from  the  dejecta  passed  by  another  patient  suffer- 
ig  from  the  same  disease ;  thus  we  have  demonstrated  that  cholera 
lay  properly  be  called  a  filth  disease  :  not  that  filth,  unless  infected  with 
bolera,  can  cause  the  disease,  but  that,  without  the  filthy  habits  which 
ring  about  the  consumption  of  food  or  drink  befouled  by  man's  dejecta, 
holera  cannot  be  transmitted. 

Epidemic  Prevalence. — This  view,  however,  of  the  etiology  of  cholera 
7  no  means  explains  the  occurrence  of  epidemics,  nor  the  tendency  of 
hese  epidemics  at  varying  periods  to  spread  beyond  the  normal  confines 
i  the  disease,  to  extend  into  areas  which  for  long  series  of  years  had 
wen  entirely  free  from  it,  to  advance  stage  by  stage,  and  thus  to  march 
ground  the  globe ;  then  to  retire,  and  for  an  uncertain  period  either  to 
le  latent  or  to  be  confined  within  the  endemic  area.  To  understand 
Wb  peculiarity  of  cholera,  it  is  necessary  to  bear  in  mind  the  various 
•ctors  which  aid  in  the  dissemination  of  the  disease,  and  to  recognise  that 
k  is  the  coincidence  of  many  factors  which  sets  cholera  on  the  march. 

Within  certain  areas  in  India  cholera  is  endemic,  especially  in  the 
wintry  of  the  Lower  Ganges.  If,  however,  we  examine  carefully  the 
^ence  of  cholera  within  the  endemic  area,  it  becomes  obvious  that, 
Jlhough  in  every  district  deaths  from  it  may  be  reported  every  year  and 
^cry  month  in  every  year,  still  the  incidence  of  this  mortality  is  hy  no 
"Wans  evenly  distributed ;  even  within  the  endemic  area  cholera  wanders 
WHit,  one  village  after  another  being  attacked  and  then  left  at  peace  for 
^  time.  It  seems  as  if  there  were  the  same  tendency  for  these  outbursts 
**  die  down  within  the  area  as  there  is  outside  it ;  but  that  in  coiisec^uence 
*  the  great  facilities  for  reimportation,  and  of  the  condition  of  the  soil, 
^kich  makes  it  possible  for  the  germ  to  maintain  its  vitality  and  carry 
^  the  saprophytic  phase  of  its  existence  for  a  considerable  time,  the 
*««we  frequently  crops  up  again — whenever,  in  fact,  there  is  a  sufticicncy 
» BUsceptible  people  for  it  to  prey  upon,  and  whenever  accident  introduces 
■  ftfresh  into  the  dnnking- water. 

It  is  important  to  bear  in  mind   that  the   highest  mortality  from 

era  does  not  occur  in  the  parts  in  which  the  disease  is  permanently 
'rfemic ;  this  points  to  the  probability  that  dwellers  within  the  endemic 
fea  attain  some  degree  of  immunity  from  the  infection. 

The  Spread  of  Epidemic  Cholera. — One  of  the  most  striking  peculi- 
fities  of  epidemic  cholera,  when  it  oversteps  the  bounds  of  its  endemic 
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area,  is  its  tendency  to  advance  along  fairly  definite  tracks ;  to  go  frai 
town  to  town,  from  country  to  country ;  to  attack  each  fresh  distiiet 
with  enormous  virulence  at  first ;  then,  in  a  short  time,  to  become  muck 
modified  in  intensity,  subsiding  altogether  in  about  three  months  » 
return  again  the  next  year,  and  perhaps  the  year  after ;  then  again  to 
die  out  entirely  till  it  is  introduced  afresh,  passing  on  meanwhile  to  «w 
other  place  where  the  same  course  is  repeated.  The  study  of  lif 
epidemiology  of  cholera  thus  involves  that  of  the  modes  by  whicb  ik 
disease  is  carried  from  place  to  place,  the  influences  which  favour  its  (ft- 
semination,  those  which  favour  or  retai*d  its  taking  root  in  W 
localities,  together  with  those  curious  periodic  variations  of  intena^ 
which,  for  the  sake  of  a  phrase,  are  sometimes  attributed  to  "epideaic 
influence.'* 

There  can  no  longer  be  any  doubt  that  cholera  is  disseminated  1? 
human  intercourse.  The  march  of  cholera  coincides  with  the  march  d 
man,  and  it  is  carried  from  place  to  pliice  either  by  infected  manorbf 
cholera- tainted  clothing.  The  part  played  by  pilgrimages,  tA  ti* 
pilgrimage  to  Mecca,  is  well  known,  and  severe  outbreaks  and  wile 
dispersion  have  often  followed  on  such  movements  of  large  bodies  d 
men.  There  seems  no  practical  limit  to  the  distance  to  which  it  tobU 
be  possible  to  transmit  the  infection  in  a  bundle  of  imperfecdy  driei 
rags  soiled  by  cholera  excreta  ;  man,  however,  can  but  carry  the  diaem 
so  far  as  he  is  able  to  travel  between  receiving  the  infection  and  beii| 
laid  low.  \Vhat  Ave  find,  then,  on  comparing  the  march  of  the  earlier 
epidemics  of  cholera  with  those  that  have  occurred  in  more  recent  yen*" 
is  that  whereas  when  travel  was  slow  the  disease  swept  steadily  forwA 
occupying  the  land  as  it  advanced ;  in  later  times  it  has  bounded  fornw 
with  long  strides,  occupying  outposts  far  ahead  of  infected  area*  ^ 
means  of  railway  and  steamboat  communication,  and  then,  from  the* 
outlying  foci  of  infection,  has  spread  in  both  directions,  coalescing  ^ 
haps  at  a  much  later  date  with  the  main  body  of  the  epidemic  which  bi 
slowlv  advanced  across  country  from  the  earlier  centres. 

Certiiin  as  it  is,  however,  that  man  is  the  porter  by  whom  cholert* 
introduced  to  any  place,  it  must  not  be  forgotten  that  its  development « 
that  place  depends  on  insjinitary  circumstances,  the  chief  conditio 
necessiiry  being  the  liability  of  the  drinking-water  to  be  contaminiW^ 
by  infected  excreta.  There  are  probiibly  other  but  more  ob«ort 
conditions  still  unknown  to  us. 

It  will  thus  be  readily  understood  why  cholera  is  so  apt  to  be  sfw 
in  epidemic  form  by  wars  and  pilgrimages.  Cholera  may  and  oft* 
does  travel  along  the  tracks  of  ordinary  trade ;  but  it  never  ach'ancesfa' 
unless  along  its  path  there  be  places  where  the  sanitary  conditions,  «** 
known  others  probably  still  unknown,  enable  the  disease  to  take  rooliW 
start  upon  its  course  afiesh.  When,  however,  \^&  in  the  case  of  w»is«f 
])ilgn mages,  groat  bodies  of  men  are  camped  out  without  any  pwp* 
means  of  dealing  with  their  excret;i,  or  any  assurance  that  their  ^^ 
supply  remains  untainted ;  and  especially  when,  as  is  the  case  in  ^ 
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grmt  religious  pilgrimages  whii'h  are  ■'ccmiled  fivm  within  the  endeoiic 
li"iiic  o£  cholera,  the  nieti  who  form  these  cumps  cnrry  with  them  those 
L!)it£  anil  customs  which,  within  that  urea  tend  to  make  cholera 
/NrniArientJy  endemic,  then  we  find  every  condition  riilflilcd  for  the 
rfiiilemic  [iropagaiion  of  the  diseuBe. 

Accepting    llie    view    that    when    cholera   is    introduced    into    new 

ilistricts  it  is  cnrried  thither  by  cholera -infected  rags,  cholera  infected 

(ocmI,  nr  cholera-infected  man,  it  becomes  a  matter  of  great  importance  to 

determine  whether  the  last  (namely,  cholera-infected  man)  can  carry  with 

him   the  germs,  deposit  them  in  fresh  places,  infect  water-supplies,  and 

kL  ti|i  epidemics,  without  himself  Buffering  from  cholera  and  betraying 

ii^  symptoms.     Till  a  few  years  ago  this  question  would  have  been  iin- 

usitatingly  answered  in  the  negHti\'e  ;  and  in  fact  it  is  in  the  belief  that 

t  man  cannot  carry  cholera  unless  he  himself  suffer  from  it  that  the 

luuilem    substitute  for  quarantine    is    founded,   namely,  the  system  of 

luedicd  inspection  and  detention  of  invalids.     Modern  tmvel  js  conducted 

on  au  vast  a  scale,  and  the  iiumbers  moving  from  place  to  place  are  so 

enonnous,  that  efficient  quarantine  is  obviously  impossibia      It  lias  been 

luiptii,  however,  that  if  those  actually  ailing  be  sorted  out  the  rest  may 

M(«]y  lie  allowed    to   pass.      Hence   the  modern  system.     The  investi- 

gstjoiiB  of  Koch  and  others  tend,  however,  to  throw  some  doubt  ujwn  the 

effieiency  of  such  measures ;  and  although  they  have  appeared  succeasful 

in  preventing  the  disease  from  taking  root  in  Kngland,  it  is  quite  possible 

'bit  the  greater  attention  given  to  the  purity  of  the  water-8Up|ily  of  our 

tnwns  may  have  had  a  much   larger  share  than  our  port  wmitary  iti- 

"(■ectiiHi  in  giving  us  the  exemption  we  have  enjoyed.     Koch  has  sheVn  (3), 

nful  it  hae  been  shewn  repeatedly  at  the  observalion  stations  which  were 

s'lablished  in  Germany  at  the  time  of  the  epidemics  in   Hamburg  in 

"*92  »nd    1893,   that   among   those   who   had   been   exposed   to   the 

f'luihjlity  of  cholera  infection,  and  who  yet  remained  apparently  healthy, 

'h«re  Mere  individuals  whose  fwces,  although    hardly  diarrhteic — nay, 

'I'liie  normal,  yet,  nevertheless,  coiitAined  cholera  bacteria.     "  It  is  now 

'^'-'fUiin  that  among  a  number  of  persons  who  have  been  exposed   to 

•^bolerii  Infection  the  resultant  cases  may  shew  the  whole  scale  from  the 

'f'er^st   and    rapidly    fatal    cases    down    to     the    miliiest    imaginable, 

'isfiuinstrable  only  by  bacteriological  investigation.'' 

The  determination  of  this  point  goes  far  to  explain  outbreaks  of 
'^ii'ilerft  in  which  the  first  apparent  sufl'erera  could  be  shewn  not  to  have 
|-n!«red  any  infected  district.  The  very  first  case  has,  in  fact,  not  been 
'''"Ignited,  maybe  the  palienl  has  not  known  that  he  was  ill ;  bis  dejecta 
'"'V*.  nevertheless,  obUiined  access  to  the  water-supply,  and  thus  given 
''■a  Co  the  outbreak.  It  is  in  this  way  possible  to  explain  some  of  the 
""liMwI  sporadic  cases  which  have  occurred  in  England,  cases  in  which, 
""'withstanding  the  entire  want  of  evidence  of  any  connexion  with 
'"ty  known  focus  of  the  disease,  the  characteristic  micro-organisms 
^'*'"i  Wn  discovered.  But  wo  ciinnot  state  positively  that  this 
'■"pUtiation  is  the  tnie  one. 
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Oondiiion^  determining  Character  of  Outbreak,  —  When  the  chotm 
germs  have  once  been  introduced  into  a  district  their  fate  will  depeod 
on  various  conditions.  If  they  chance  to  gain  access  to  a  public  mrfer 
supply  they  will,  as  has  been  shewn  again  and  again,  sot  up  a  snddea 
and  widespread  epidemic  among  the  consumers  of  the  water— ai 
epidemic  which  breaks  out  simultaneously  in  different  parte  of  the  di^ 
trict,  rages  violently  for  a  time,  and  if  the  infected  water  be  cut  off,  stopi 
almost  as  suddenly  as  it  had  begun. 

If,  however,  the  germs  do  not  gain  access  to  a  general  water-supply; 
but  are  deposited  in  the  neighbourhood  of  the  dwellings  of  the  peopk 
they  will  only  set  up  small  and  localised  outbreaks ;  in  one  part  dtm 
another  of  a  town,  in  one  town  after  another,  cholera  will  arise  ui 
soon  die  out,  only  to  crop  up  again  in  neighbouring  places,  or  even  ■ 
the  same  place  again ;  and  thus  an  epidemic,  never  perhaps  severe,  bij 
continue  so  long  as  to  cause  serious  loss  of  life.  The  continuance  of  n 
outbreak  of  this  latter  sort  depends  upon  conditions  not  as  yet  accuntilf 
defined;  and  it  is  obvious  that,  although  a  general  water-epidemic Imi 
sudden  rise  and  a  sudden  fall,  one  occurring  in  a  district  which  fivoon 
the  development  of  foci  of  cholera,  although  it  may  rise  as  suddenlr. 
Avill  not  terminate  so  quickly  :  it  will  rather  set  up  a  multitude  d 
centres  from  which  it  will  continue  to  spread  as  in  the  second  mode,  tk 
mode  in  which  it  mostly  shews  itself  in  countries  in  which  it  is  eodenic 
during  non-epidemic  times — countries  in  most  parts  of  which  no  ffli 
thing  lis  a  pu))lic  water-supply,  in  the  modern  sense  of  the  term,  tvA 
It  becomes  then  very  important  to  inquire  into  the  causes  other  tbn 
the  infection  of  public  water-supplies  which  favour  the  development  J 
epidemic  cholera ;  for  it  is  certain  that  '^  in  many  districts  of  greiur 
or  less  extent,  the  cholera  has  never  reached  any  considerable  tf 
strictly  epidemic  development  notwithstanding  repeated  importatiooio' 
the  poison  "  (4). 

(■ontliiious  favouring  Hie  Development  (f  Cholera  Epidemics. — Hini 
says  :  "As  there  are  certain  local  peculiarities  which  fiu*ni8h  the  «»■ 
ditions  for  the  endemic  disease,  so  also  there  are  certain  factors  residiBf 
in  the  circumstances  of  place  or  season,  which  are  necessary  to  gi** 
potency  to  the  cholera  poison  beyond  its  native  habitat "  ;  and  he  qnoW 
Hergt  as  saying :  "  The  rise  of  the  cholera  c])idemic  at  any  one  pb* 
implies,  besides  importation  of  the  contiigium,  certain  local  conditioM* 
atmospliere  and  of  soil  as  well.  These  conditions  must  be  able  ^  * 
given  place  to  generate  themselves  and  to  disappear  again.^  "B* 
latter  is  an  important  qualification,  for  it  appears  certain  that  among  tk 
causes  necessiiry  for  the  development  of  cholera  in  an  epidemic  foff» 
except  wh(Mi  widely  distributed  by  water,  are  some  which  are  pD*v 
temporary,  as  for  example  those  which  are  connected  with  season:** 
that  a  local  it  V,  which  at  one  time  may  be  capable  of  developing  cbote* 
in  a  most  virulent  form,  may  at  other  times  be,  comparatively  speaW 
protected  from  its  attacks.  Putting,  then,  on  one  side  infection  (rfpo^ 
wuter-su])ply,  which  is  capable  of  creating  an  epidemic  in  anyplace*" 
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ny  season,  we  have  to  consider  the  factors  in  the  production  of  an 
emic  not  arising  from  that  cause.  Concerning  these  factors  little 
down.  We  may  consider  them  under  the  following  headings  : — 
(a)  Altitude. — Elevated  districts  often  remain  exempt  from  cholera  ; 
the  other  hand  valleys  and  low-lying  areas  are  much  more  apt  to 
3r :  in  towns  situated  on  a  slope,  or  occupying  different  elevations, 
s  usually  found  that  within  the  same  town  the  higher  districts  are 
t  affected.  On  the  other  hand,  cholera  has  occurred  at  very  con- 
rable  altitudes,  and  even  sufficiently  often  in  the  higher  parts  of 
ns  to  make  it  clear  that  the  cause  of  the  a[)parent  variation  of  cholera 
b  altitude  must  be  sought  elsewhere,  probably  in  its  relation  to 
iperature,  water-supply,  and  movement  of  ground-water. 
(6)  Kelation  to  Rivers. — It  has  constantly  being  observed  that  not 
jr  does  cholera  follow  rivers,  which  it  should  be  noted  are  also  com- 
ely lines  of  traffic  and  centres  for  the  aggregation  of  large  popula- 
18, — two  main  factors  in  the  dissemination  of  the  disease, — but  that  it 
icks  places  on  the  banks  of  rivei*s  and  even  of  small  streams  with 
cial  severity.  This  again  probably  has  relation  to  conditions  of  soil 
1  density  of  population,  as  well  as  to  the  double  function  of  rivers  as 
ins  and  sources  of  water-supply. 

(c)  Character  of  Soil. — Cholera  attains  its  greatest  intensity  on  soils 
ich  are  permeable  to  water,  but  not  sodden  with  it,  and  are  at  the 
16  time  capable  of  retaining  a  certain  degree  of  moisture  within  their 
eratices. 

The  relation,  then,  of  altitude,  neighbourhood  of  rivers,  and  character 
soil  may  all  resolve  themselves  into  this — that  cholera  is  most  likely 
take  on  its  epidemic  character  on  a  soil  which  is  porous,  more  or  less 
irged  with  decomposing  organic  matter,  moistened  with  water,  and 
ring  its  intei-stices  filled  with  air.  Emmerich  and  Gemiind  have 
.eed  shewn  that  cholera  vibrios  die  on  gravelly  soil  in  seven  days, 
ile  on  naturally  impure  soil  they  multiply  enormously  and  only  die  in 
1  8ai)erficial  layers  in  15-81  days.  On  such  a  soil  complete  dryness 
complete  saturation,  are  inimical  to  cholera ;  while  a  falling  ground- 
ter,  leaving  the  soil  moist,  full  of  air,  and  charged  with  organic  matter 
on  the  surface,  disposes  to  cholera ;  not  only  by  favouring  the 
tfophytic  growth  of  the  cholera  bacillus,  but  also  by  facilitating  its 
668  to  wells. 

(J)  Habits  of  Inhabitants. — Even  amidst  the  conditions  of  soil  and 
Date  most  favourable  or  most  inimical  to  cholera,  its  prevalence  largely 
)ends  upon  the  habits  of  the  people ;  however  largely  present  its 
itagium  may  be,  it  is  harmless  unless  swallowed.  Thus,  among  all  the 
loences  making  for  cholera,  the  most  important  arc  those  hal)its  of 
"eleasness  as  to  the  cleanliness  of  food  and  drink,  which  make  it  easy 
'  dthcr  the  one  or  the  other  to  be  tainted  with  fa'cal  material. 

(<)  General  Sanitation. — As  is  the  influence  of  the  habit  of  cleiui 
ing  to  the  individual,  so  is  that  of  genenil  saniUition  to  the  body  cor- 
'**te.    Good  drainage  and  good  water-sui)ply  keep  cholera  at  bay  by 
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making  it  impossible  for  the  faeces  of  one  person  to  gain  access  to  tk 
drink  or  food  of  another. 

This  brings  us  back  to  the  keynote  of  the  etiology  and  epidenuokigf 
of  cholera,  namely,  the  ingestion  of  infected  water  or  infected  food 

The  act  of  swallowing  the  living  contagium  derived  from  the  excntt 
of  a  previous  sufferer  from  the  disease  is  the  immediate  cause  of  cbolea 
in  the  individual ;  while  the  me^ms  by  which  facilities  are  given  fortk 
growth  of  this  conUigium  outside  the  body,  for  \t&  widespread  dimi' 
nation,  and  for  its  introduction  into  the  food  or  drink  of  man,  are  tk 
ciuises  of  cholera  epidemics.  While  this  is  true,  yet  we  are  still  far  bm 
explaining  why  cholera  is  epidemic  at  one  time,  and  then  at  another  vat 
pletely  disappears,  for  we  have  no  ground  for  thinking  that  the  knon 
conditions  of  its  dissemination  have  ceased  to  become  operative  duriif 
these  periods  of  quiescence.  The  problem  is  indeed  that  which  faces* 
in  the  consideration  of  the  epidemicity  of  many  other  diseases,  and  v 
equally  unsolved  at  present. 

Ernkst  Hart. 

Solomon  Charles  Smith,  1896. 

J.  W.  W.  Stephens,  1906. 
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Bacteriology  of  Cholera 

In  1883  Koch  separated  a  characteristic  curved  organism  f rom  tb 
dejecta  and  intestines  of  cholera  patients,  the  comma  bacillus ;  tbiib 
declared  to  be  altsent  from  the  stools  and  intestinal  contents  of  healdf 
persons,  and  of  persons  suffering  from  other  affections.  The  orgttB* 
was  said  to  possess  certain  mor[)hological  and  biological  features  whk" 
readily  distinguished  it  from  all  previously  described  organisms.  It^ 
absent  from  the  l)lood  and  viscera,  and  was  found  only  in  the  intestin*!* 
and  the  greater  the  numl)er,  it  was  said,  the  more  acute  the  attack.  K«* 
also  demonstrated  an  invasion  of  the  mucos^i  and  its  glands  by  tw 
comma  bacilli.  The  organisms  were  found  in  the  stools  on  staining  ^ 
mucous  Hakes  or  the  fluid  with  methylene  blue  or  fuchsin, — andsfl^'" 
times  alone  ;  by  means  of  cultivation  on  gelatin  they  were  reiflr 
separated  from  the  stools.  During  his  stay  in  India,  in  £gypt»  ^  ** 
Toulon,  Koch  had  examined  more  than  a  hundred  cases,  and  d^ 
investigatoi*s  confirmed  his  statements.     Numerous  control  obierviW* 


nude  upon  other  diarrhceic  dejecta  and  upon  normal  stools,  were  negative  ; 
tile  comma  bacillus  was  found  in  ciioleraic  material  only,  or  in  material 
(wiitjiminiited  by  cholera.  Soon  other  observera,  however,  described 
fumimt-sbiped  organiania  of  non-choleraic  origin  ;  Finkler  and  Prior,  for 
instance,  found  them  in  the  diarrhceic  aU)Dls  of  cholera  nosti'as,  Deneke 
in  cheese,  Lewis  and  Millar  in  saliva.  All  o!  these  organisms,  however, 
differed  in  many  respects  from  Koch's  comma  bacillus ;  and  gradually 
ihe  exclusive  association  of  Koch's  vibrio  with  cholera  became  almost 
generally  acknowledged.  In  1886,  indeed,  Fiiigge  maintained  that  the 
c»inma  bacilli  must  be  regarded  an  ihe  cause  of  cholera,  because  they 
occur  constjintly  and  exclusively  in  this  disease. 

Koch  described  hia  vibrios  aa  short,  curvetl  organisms,  often  arranged 
as  spirals ;  the  curvature  of  the  individuals  vaiied  gi'eatly,  the  latter  being 
sometimes  almost  straight,  and  at  other  times  nearly  semicircidar.  Two 
iiimmiiB  may  be  altaclied  so  as  to  form  an  S  ;  spirals,  even  of  great  length, 
toay  indeed  be  found.  According  to  Kolle  and  Gotachlich.  cholera  vibrios 
may  vary  so  much  in  (!)  size,  (2)  curvature,  (3)  motility,  that  from 
morphological  characters  it  is  quite  impossible  to  determine  whether  a 
p»rtienlar  species  is  cholera  or  not.  They  describe  group  A,  shoiT.  cocci' 
"le  forms  ;  group  B,  medium -si  zed  forms  well  curved,  i.e.  typical  vibrios  ; 
Mip  C,  very  long  slender  forme  almost  straight.  Although  morpho- 
igically  so  different,  yet  in  all  other  respects  they  behave  like  true 
holera  vibrios.  They  possess  the  power  of  spontaneous  movement 
"  a  Dkarked  degree,  and  readily  undergo  involution,  becoming  round  and 
'^iil  or  irregular  in  appearance.  On  gelatin  plates  at  22"  C,  after 
f»eniy-four  hours,  they  form  minute  yellowish-white  refractive  colonies, 
w  contour  of  which  is  not  regular,  but  scallopod  and  undidating.  As 
fowth  (iroceods  this  irregularity  of  outline  becomes  moi-e  marked,  and 
ic  surface  of  the  colony  partakes  in  this  irregularity,  and  at  the  same 
~^  ibe  colony  as  a  whole  becomes  highly  refractive  as  if  beset  with 
'  number  of  fine  -  glass  spicules.  Then  liquefaction  of  the  gelatin 
■pwliially  begins,  and  the  refractive  colonies  sink  into  its  substance.  This 
'typical  "  api^earance  of  a  true  cholera  vibrio  has,  it  is  now  agreed,  lost 
i-he  importance  which  was  at  first  given  to  it,  for  it  is  recognised  that 
'fiifl  cholera  may  give  an  "  atypical  "  appcarjtnco,  and  the  diagnosis  of  true 
'itoiera  vilirios  no  longei'  rests  t«  a  great  extent  on  this  appearance  as  it 
rfid  in  earlier  days.  Yet  it  is  true  that  frequently  typical  colonies  appear 
'■"ben  cultures  are  first  isolated  from  fieces,  and  that  atypical  colonies 
art  more  frequent  in  laboratory  cultures ;  and,  as  Koilc  and  Gotschlich 
remark,  there  ia  no  other  disease  except  cholera  in  which  these  strongly 
refnctive  colonies  in  considerable  qnaniify  can  be  got  out  of  the  fieces  or 
contents  of  the  gut. 

Stab-cultures  in  gelatin  are  equally  eharacteriatic ;  there  ia  a  whitish 
groK'th  along  the  needle-track  with  gradual  liquefaction,  which  at  first  is 
moat  marked  near  the  surface,  so  that  a  tumi])- shaped  depression  is 
formed,  the  upper  jiortion  of  which,  by  evaporation  of  the  liquid,  becomes 
fiUed  with  air.  Liquefaction  ia  comparatively  slow,  but  after  six  days  it 
VOL.  II. — ^PT.  II  2  G 
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hus  progressed  so  far  as  to  destroy  the  appearance  just  described.  Ih 
extent  of  liquefaction  of  gelatin  depends  on  the  alkalinity  and  meltio^ 
point  of  the  gelatin,  apart  from  individual  differences  in  vibrios  fra 
different  sources.  On  agar-agar  we  have  transparent  colonies,  opalescot 
by  transmitted  light,  of  a  characteristic  appearance ;  growth  occurs  a 
potato  at  a  raised  temperature  only;  milk  is  not  coagulated.  Koekli 
vibrio  is  capable  of  thriving  in  very  dilute  broth  or  peptone  eolutm 
On  the  latter  especially  the  vibrios  accumulate  at  the  surface,  often  fon- 
ing  a  pellicle.  This  property  of  surface  growth  is  of  the  greatest  pracwil 
importance,  as  will  be  seen  later.  Cholera  is  a  facultative  aiuero^ 
.and  grows  best  between  30 "  and  40°  C.  The  optimum  reaction  of  wSk 
according  to  Wherry  (37),  is  obtained  Avith  an  alkalinity  of  }^  to  j^jfll 
a  gram-molecule  of  NaHO  or  NagCOg  per  litre.  The  cholera  Tibm 
forms  alkali  on  sugar-free  media,  but  not  if  these  are  free  from  salt,  te 
nutrose  media  containing  sugars  the  cholera  vibrio  forms  acid  to  aboi 
the  sjime  extent  as  B.  coli,  but  acid  is  not  formed  on  media  containiil 
dulcito  or  erythrite  (28). 

The  Pathogenetic  Properties  of  the  Cholera  Vibria — Animal  experi- 
ments, in  so  far  as  their  aim  was  to  reproduce  a  typical  choleraic  lesiOB, 
wnre  not  successful  in  Koch's  hands ;  nor  can  those  performed  by  Nictft 
Rietsch,  and  van  Ermengcm  be  considered  convincing.  Subcutaneo* 
inoculations  and  feeding  led  to  no  result ;  direct  inoculation  into  tb 
duodenum,  with  or  >vithout  previous  ligature  of  the  bile-duct,  frequentlj 
produced  fatal  diarrhwa  with  abundant  vibrios  in  the  dejecta,  biitanei 
this  result  seemed  to  depend  to  a  great  extent  on  intestinal  injury  thef 
are  not  free  from  doubt.  Koch  himself,  indeed,  asserted  that  he  hi 
induced  a  choleraic  process  by  feeding  guinea-pigs  with  pure  cultun* 
after  previous  neutralisation  of  the  gastric  contents  and  injection  d 
tincture  of  opium  into  the  peritoneal  cavity,  in  order  to  paralyse  tk 
intestinal  peristalsis.  Yet  as  other  vibrios  act  in  the  same  manner,  th* 
animal  experiments  have  not  established  the  specifically  pathogenetK 
power  of  the  comma  bacillus.  The  sterile  products  of  choleraic  cultnrti 
administered  to  a  guinea -])ig  will  ciiuse  distinct  intoxicative  symptotf 
or  death,  as  first  shewn  by  Nicvati  and  Riet«ch  ;  these  symptoms,  howetai 
do  not  differ  from  those  produced  by  many  other  bacterial  toxioi 
Experiments  on  man  have  contrilmted  towards  establishing  the  infecdrt 
nature  of  the  cholera  vibrios.  Several  ciises  are  on  record  where,  tf^ 
swallowing  of  cultures  of  vibrios  pui'posely  or  accidentally,  serwi 
symptoms  and  even  death  have  followed,  though  in  other  instance*  tta 
result  has  l)ecn  negative  or  only  very  slight.  Among  these  are  thebm 
case,  in  Koch's  labonttorv,  of  a  physician  working  with  cholera  cultui*} 
th(»,  fatal  case  of  Dr.  Orgol,  of  Hamburg,  who  accidentally  swallo*** 
some  cholera  material  from  a  post-mortem  on  a  guinea-pig;  Bndw 
celebrated  cjises  of  Pettenkofer  and  Emmerich,  who  purposely  swaUow 
cultures.  The  former  suffered  from  diarrho?a  only,  while  the  latt«r  bo 
a  characteristic  and  almost  fatal  attack  of  cholt^ra.  Other  cases,  it  is  troi, 
are  on  record  in  which  no  result  has  followed  the  swallowing  of  caltuWi 
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hui  ngsiiiBt  the  positive  esses  they  c^in  hardly  stuiid  as  uf  [ireponderating 
I'Tilae,  for,  among  other  things,  there  is  no  proof  that  in  these  cases 
milent  culttires  were  used. 

We  must  also  jMHiit  out  that  Halfkine's  (13)  anticholeraic  vaccinations 
.11  hjdin  contributed  much  to  establish  this  hypothesis.  Uaffkiue  was 
limily  convinced  that  the  cause  of  cholera  was  one  variable  vibrio;  and 
for  lie  jiurpoee  of  vaccination  he  used  living  cultures  of  that  which  he  con- 
sidereil  to  be  the  choleraic  vibrio.  He  originally  prepared  two  vaccins, 
>  weakened  first  virus,  and  a  stiengthetied  second  virus ;  bo  thai  the 
(icinciple  of  his  inoculation  was  the  same  as  that  practised  in  the  case  of 
tolhrax.  Thus,  iu  Calcutta  he  found  that  the  mortality  among  the 
Liioi'iilat«d  was  17"24  limes  le«s,  and  the  incidence  of  cholera  19-27  times 
li^\  than  among  the  non-inoculated.  The  proof  of  the  specificity  of  the 
liolers  vibrio  is,  as  we  shall  see,  founded  on  other  facts ;  it  is,  however, 
.iii|K>rtftnt  to  bear  in  mind  the  pathogenetic  action  of  the  true  cholera 
ulirio  on  pigeons.  Though  the  distinction  is  not  absolute,  yet  it  may 
fRiriy  Iks  said  that  a  nbrio  which  is  patliogeiietic  for  pigeons  hy  intra- 
muBctilar  injection  is  probably  not  cholera. 

Liiffler  demonstrated  that  the  cholera  vibrio  possesses  a  single  terminal 
fttgellam,  non- choleraic  vibrios  may,  however,  possess  several.  Of  more 
inwrest,  however,  is  a  peculiar  ehemicitl  reaction  which  Koch  pronounced 
tii  1v- characteristic,  the  so-culled  cholera-red  reaction.  On  adding  pure 
■ivilroohloric  or  sulphuric  acid  to  a  culture  in  peptone  solution  or  in  pep- 
"'10  hroth,  a  pink  or  red  colour  (cholera-red)  appears.  This  reaction  was 
ii'cwered  by  Pobl,  Bujwid,  and  Dunham  in  IStifi  ami  1887,  and  was 
'  ijiljuned  by  Salkowski,  who  at  the  same  lime  proved  it  to  be  of  no 
'Itwi  fie  value.  Wherry(38)drawsadistinction  between  the  purple  "indol 
""clion  "and  the  vermilion  coloured  "cholent-red  reaction."  The  formation 
of  cholera-red  only  takes  place  during  the  reduction  of  a  nitiikte-coniaining 
"itiliuin.  Thus,  while  a  peptone  solution  dialysed  free  from  nitrite  will 
-i^e,  after  the  growth  of  cholera  vibrios,  a  deep  purple  indol  reaction  on 
■I'evldiiion  of  pure  sulphuric  acid,  the  cholera-red  vermilion  colour  is 
""'  fin>duec<l.  If,  however,  a  trace  of  niti'ate  be  originally  added  to 
ihp  inedinm,  the  cholera-red  reaction  is  obtained  best  after  a  few  days' 
pcwth.  The  test  should  tlien  be  performed  in  this  way,  vis;. :  To  a 
l"'piont'  »nlution  dialysed  free  from  nitrites  O'l  per  cent  of  NiiNOj^  is 
^^iiBi.  The  cholera  organism  is  grown  in  10  c.c.  of  this  medium  for 
'krwdays,  and  then  O'a  c,c.  of  pure  sulphuric  acid  is  added.  With 
f*ganl  to  the  diagnostic  importance  of  this  test  we  may  say  that  a  vibrio 
"liich  iloee  not  respond  to  the  test — under  conditions  where  a  true 
i^Wew  ribrio  does— ia  not  cholera. 

The  result  of  much  laliour  and  argument  expended  on  the  attempt 
'0  fiisl  naiisfactory  distinctive  characters  of  cholera  has  not  proved  auc- 
'^'^"ful,  but  there  remain  other  methods.  Pfeiffer,  who  never  doubted 
•'i*  correctness  of  Koch's  observations  and  deductions,  recognising,  never- 
"leltw,  that  none  of  the  proposed  tests  vouchsafe  a  certain  diagnosis, 
""foJiieed  n  novel  method  of   distinguishing  between   true  and  false 
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cholera  vibrios.  It  was  based  on  the  fuudameutal  proposition  expnaie) 
by  BehnQg,  that  the  serum  of  a  protected  animal  is  specific  in  iU  acM : 
that  ia,  if  injected  into  an  animal  it  confers  on  it  an  immunity  only  fram 
the  lesion  against  which  the  original  animal  had  been  protected.  PkiSe, 
therefore,  rendered  animals  proof  against  a  cholera  ^'ibrio,  and  tiien  inaj 
their  serum  as  a  test.  Its  action  being  specific,  the  serum  can  comileran 
the  effects  of  one  species  of  vibrio  only,  and  must  be  impotent  ajesinrt 
all  others.     His  method  of  procedure  is  as  follows  ; — 

P/eiffer's  Plteriomejum. — A  serum  nmst  be  used  which  b  of  higii 
immunising  value,  e.g.  at  least  0"0002  gramme  of  the  sei-iun  must  pre- 
tect  a  guinea-pig  on  injection  of  a  mixture  of  1  loop  (3  mg.)  of  a  cuinm 
of  constant  virulence  (^V  ^^  *  loop  =  minimal  lethal  dose)  distribuud  a 
1  c.c.  of  broth.  The  injection  is  made  inti-aparitoneally  with  a  blmii 
cannula  into  guinea-pigs  (200  grammes).  If  the  reaction  is  now  pontin, 
the  vibrios  are  transformed  into  pale  spherical  bodies  which  c\-entniDy 
are  completely  dissolved,  and  the  animal  sui'vives.  If  it  is  negativp,  tbt 
vibrios  multiply  and  the  animal  dies.  The  progress  of  tbe  reaction  i* 
determined  from  time  to  lime  by  t4iking  out  samples  of  the  peritonal 
contents  by  means  of  capillary  pipettes.  Such  a  serum  can  be  prepiR<! 
by  injecting  rabbits  with  sterilised  cultures  of  virulent  vibrios ;  tbtu,  bf 
intravenous  injections  of  1  loop,  3  loops,  5  loops  at  weekly  ioUrvslii  * 
potent  serum  is  obtainable  seven  days  after  the  last  injection.  Bead* 
this  method  there  is  the  complementary  one  of  agglutination. 

AgghUinaiiim  Test. — While  Pfeiffer's  lest  dejrenda  upon  the  propertT 
of  an  homologous  serum  in  producing  a  bactericidal  or  cytolytic  rfecl, 
here  the  reaction  is  one  of  agglutination  or  agglomeration,  and  depesib 
upon  the  law,  the  evidence  for  which  we  shall  consider  later,  that  ll" 
true  cholera  vibrio  is  only  u^lomerated  by  a  serum  obtained  by  immiiniu- 
tion  with  a  true  cholera  vibrio. 

The  method  of  applying  it  in  diagnosis  we  shall  refer  to  lawr ;  *» 
may  htre  describe  in  a  general  way  the  mode  of  performing  the  oi>eraiiMi- 
The  serum  is  diluted  with  perfectly  clear  filtered  salt  sohitioii  (O'S  (^ 
cent)  in  various  dilutions,  ranging'  from  1:.50  to  1:2000.  One  cUte 
centimetre  of  each  solution  is  poured  into  a  small  test-tube,  and  then  oi>» 
loop  (2  mgm.)  of  culture  is  rubbed  up  in  each  and  ihorowghly  mUWi- 
The  tubes  are  kept  for  one  hour  at  37"  C,  and  if  the  rciiction  is  podtiw 
agglomeration  or  clumping  should  be  evident  to  the  naked  eye. 

We  shall  now  discuss  the  evidence  upon  which  we  hold  that  tk**' 
two  tests  are  satisfactory,  and  indeed  the  only  satisfactory,  ones  for  dHUf 
mining  whether  a  vibrio,  whatever  be  its  source,  is  or  is  not  a  true  cholB*^ 
vibrio.  The  evidence,  as  we  shall  see,  is  not  based  upon  theoretical  ■rgn- 
monts  as  to  the  character  of  such  reactions  as  these,  viz., tbe  bactencidal  «^ 
ftgglulinating  properties  of  an  immune  serum ;  but  is  based  upon  ^ 
result  of  u  very  exhaustive  comparison  of  ^Hbrios  from  many  sources  taflcl 
by  these  means.  Thus,  Kolle  and  Gotschlich  have  made  ehiboKt«  com- 
parisons of  vibrios  isolated  fi'om  73  cases  of  "cholera"  in  t^yjiti." 
these  59  were  true  cholera  according  to  the  tests  mentioned 
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e  a  mixture  of  cholera  vibrio  and  a  cholera-like  vibrio;  14  gave 
rios  which  were  not  cholera,  and,  moreover,  and  this  is  an  important 
It,  they  all  differed  from  one  another  except  2,  and  it  is  also  important 
lote  that  the  cases  from  which  these  2  were  isolated  had  no  connexion 
h  one  another.  With  regard  to  the  epidemiology  of  the  cholera-like 
rios,  in  4  Ciises  there  was  no  history,  in  5  the  cases  were  clinically  and 
iemiologically  probably  not  cholera,  while  in  the  remaining  7  they 
•e  cHnically  and  epidemiologically  true  cholera  (and  indeed  from  other 
68  in  the  same  families  true  cholera  vibrios  had  been  isolated),  and  from 
i  these  cholera  vibrios  as  well  as  cholera-like  vibrios  hiid  been  isolated, 
rther,  of  these  16  cholera-like  vibrios  5  had  several  flagella,  whereas 
e  cholera  has  only  one,  1  was  non-motile,  3  were  fatal  to  pigeons  on 
ramuscular  injection  resembling  in  this  respect  V,  meichnikovi,  which  is 
'  a  true  cholera  vibrio,  while  7  others  differed  morphologically  and  on 
atin  plates  from  the  true  cholera  vibrio  and  from  one  another.  So 
.t  from  these  characters  alone  these  vibrios  were  probably  not  cholera. 
Pther,  the  evidence  against  cholera-like  vibrios  being  causally  connected 
h  cholera  lies  in  (1)  that  they  occur  among  cases  clinically  and  epi- 
niologiciUly  not  suspected  of  being  cholera ;  (2)  that  the  cases  in  which 
J  are  found  have  no  epidemiological  connexion  with  one  another ;  (3) 
X  they  differ  among  themselves.  To  consider  now  the  evidence  based 
)n  serum  -  tests  upon  which  we  can  declare  with  certainty  whether  a 
Tio  is  the  cholera  vibrio  or  not.  Of  59  vibrios  isolated  from  cases 
ich  clinically  were  cholera  all  behaved  in  exactly  the  same  way  to  the 
um-tests ;  that  is  to  say,  they  all  suffered  dissolution  on  intraperi- 
leal  injection,  and  were  agglutinated  in  vitro  by  a  serum  prepared  from 
rue  cholera  \nbno,  and,  moreover,  they  all  reacted  in  the  same  way  to 
enim  prepared  from  any  one  of  their  number ;  while,  further,  none  of 
Jm  reacted  with  a  serum  prepared  from  any  of  the  16  cholera -like 
)rio8,  nor  did  any  of  the  16  cholera-like  vibrios  rwict  with  a  serum 
spared  from  any  of  the  cholera-like  vibrios.  So  that  the  spedjiciti/  of 
B  reaction  is  absolute,  and  is  reciprocal  between  any  two  true  cholera 
t)rio8  and  their  scrums.  These  experiments,  then,  the  result  of  many 
indreds  of  combinations  between  vibrio  and  serum,  may  be  summed  up 
follows — ( 1)  Every  tnio  cholera  vibno  reacts  with  a  true  cholera  serum  ; 
)  Xo  tnie  cholera  vibrio  reacts  ^nth  a  cholera-like  serum  ;  (3)  No  cholera- 
te  vibrio  reacts  with  a  cholera  serum ;  (4)  Every  cholera  Wbrio  reacts 
ith  its  own  and  homologous  serums,  but  not  with  others.  There  is  no 
tttttion  in  these  reactions  of  the  occurrence  of  a  group-reaction,  for 
Wera-like  organisms  were  not  more  influenced  by  cholera  serums  than  by 
WTttal  serums.  It  may  be  argued,  however,  that  even  granting  that  this 
*^i8  tnie,  it  does  not  disprove  that  the  16  vibrios  were  not  likewise  the 
^^  of  **  cholera.*'  But  against  such  a  view  Kolle  and  Gotschlich  urge, 
^  rightly  so,  that  these  vibrios  differed  among  themselves  and  occur  in 
w  cases  only,  while  in  59  cases  vibrios  identiwil  among  themselves 
^  ^8olated,  and  also  there  is  the  fact  that  these  cholera-like  vibrios 
^fiot  be  isolated  in  pure  culture  by  direct  inoculation,  e.g.  of  agar 
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plates,  as  is  possible  with  tlio  ti-ue  cholera  vibrio,  bui  caii  only  lie  faoDd 
by  the  peptouo  method  {vidf  p.  45T).  We  have  aireiuly  mentioned  tW 
epidemiological  evidence  iigaiiist  any  causal  connexion  between  <^h«1(iv 
like  vibrios  and  cholera ;  the  former  probably  occur  simply  as  iiceidwial 
DOiicomitaiit  saprophytes. 

rilalilii  i)f  the  Cholera  I'ihrio. — The  specific  germs — Koch's  comw 
bacilli — are  shed  in  the  stools  from  the  body  during  the  first  days  oilkt 
disease ;  and  only  these,  or  matter  contaminated  by  them,  as  for  inttmR 
the  bed-linen,  vessels,  latrines,  soil  or  drinking-water,  cjiti  be  sourcaiii 
infection.  Since  the  vibrio  is  readily  destroyed  by  drying,  only  (resUy- 
contarainated  objects  are  dangerous.  Yet  it  has  Wen  shewn  tlut  llu 
vibrio,  when  kept  moist,  may  retain  its  vitality  for  a  considerable  tint' 
(a)  These  organisms  may  find  an  abode  in  persons  actually  or  apparantl; 
healthy.  Thus,  during  the  winter  epidemic  of  1893-93  the  pntaa 
of  Koch's  vibrio  was  demonstrated,  in  the  Hamburg  Hygienic  Institiiu, 
in  twenty  •  eight  healthy  [wrsons ;  and  also  in  the  case  of  ceitMii 
families  similar  obsei-vations  wei-e  made.  These  twenty-eight  penOW 
had  been  in  contact  with  cholera  patients,  and  their  stiwls  were  wlid  w 
aemi-Bolid.  Abel  and  Claussen  found  vibrios  in  the  fiecea  of  13  out  d 
17  healthy  persons  who  had  been  in  daily  intercourse  willt  cholera 
patients.  (/')  In  the  stools  of  convalescents  from  cholera  vibrios  wsn 
found  after  90,  47,  27,  16,  10,  and  S  days;  and  (c)  it  has  tieen  sti«wii 
that  they  may  remain  alive  and  capable  of  prolireratiun  in  chuienK 
dejecta  for  as  long  as  a  month,  but  that,  as  a  rule,  ihey  canniH  t* 
isolated  after  a  few  days,  (d)  In  Onlinary  milk  it  survives  12  bonr* 
to  6  days  ;  on  fruit  and  fish  for  some  days,  the  duration  depending  c" 
the  acidity  of  the  media  and  the  occurrence  of  other  antagonistic  »p* 
pbytes.  (f)  The  vibrios  are  soon  killed  by  drying,  a  few  hours  being 
siitiicient  if  the  layer  of  vibrios  is  thin.  Here,  again,  the  resulu  tw 
divergent  according  to  the  mode  of  conducting  the  experiment.  (/*)  EveJi 
severe  degrees  of  cold  can  be  resisted,  e.<i.  a  temperature  of  -  16'  C.  for 
not  longer  than  S9  days  (Brehme),  while  at  -  20^  C.  they  do  not  suniw 
beyond  a  maximum  of  8  days  (Abel),  (s)  Their  resistance  to  Mi"!* 
depends  upon  various  conditions.  In  pure  water  vibrios  are  killed  l?" 
hydrochloric  acid  in  O'O''  per  ceiil  solution  in  6  minutes  while  ni 
the  presence  of  pepsin,  acid  in  0019  per  cent  solution  is  fatal  V, 
however,  the  tluiils  contain  albumin  or  peptone,  acid  to  the  extent  ^ 
0"097-0"2!7  per  cent  is  necessarj',  and  the  acid  must  act  for  1  hout. 
By  drinking  600  c.c.  of  water  on  a  fasting  stomach  and  siphoning  olT  lh« 
contents  in  a  quarter  of  an  hour,  a  Huid  with  an  acidity  of  003  per  MH* 
HCI  is  obtained,  which  kills  vibrios  in  15  minutes.  Vihrioa  aie  kilW 
by  an  exposure  to  a  temperature  of  56°  C.  in  about  an  hour ;  the 
temperature  and  duration  of  exposiii'e  necessary  varying  with  ibt  tw- 
ditions  of  the  experiment,  (/i)  In  water  they  remain  alive  for  iniuiy  dajt: 
in  sterile  distilled  water,  however,  for  oidy  24  hours,  while  in  riAtUlil 
waters  their  life  probably  extends  to  weeks  or  months.  Orgcl,  iiidwL 
succeeded  in  keeping  them  alive  in  ordinary  Elbe  water  for  alroort  » 
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Cholera  Toxin. — Experiments  made  with  a  view  of  determining 
whether  cholera  vibrios  give  rise  to  a  soluble  toxin  have  proved  con- 
tradictory. Kolle  and  WEUsernnanii,  for  instance,  found  that  the  filtratoB 
(J  cutturea  one  to  five  days  old  had  no  toxic  HCtion,  but  that  cultures 
^Jiiie  months  old  afforded  a  toxin  which  resembled  in  action  ptomaines 
Ijiit  not  that  of  a  choleraic  intoxication.  On  the  other  hand,  Matchnikoff 
and  Boux,  by  growing  vibrios  in  collodion  sacs  in  the  peritoneal  cavity  of 
piincjt-pi^  and  then  on  special  media,  stated  that  they  procured  a 
'i>liible  toxin  and,  moreover,  obtained  abo  an  antitoxin.  These  results 
hiLve  Tiot,  so  far,  been  confirmed,  ami  at  the  present  time  it  is  considered 
yX\ax  the  toxin,  as  we  know  it,  is  simply  the  intracellular  toxin  set  free 
by  tlie  death  and  solution  of  the  vibrio.  It  is  chiefly  through  using  this 
iiaracellnlar  toxin  that  attempts  have  been  made  to  give  rise  to  immu- 
iiiaJDg  bactericidal  serums  in  the  blood  of  thDse  inoculated.  We  need  not 
here  consider  at  length  these  varioiis  vaccina,  because,  though  some  are 
in  actual  use,  yet  they  undoubtedly  require  much  improvement  before 
tli^y  din  be  considered  to  be  of  considerable  therapeutic  value. 

Immune  Serums. — Haffkine's  vu-tlwd  of  protection  consiata  in  inocida- 
tiim  with  two  viruses,  'fhe  attenuated  virus  was  got  by  growing  vibrios 
at  3fl"  C.  in  bouillon,  over  which  a  constant  current  of  air  was  passed.  The 
powerful  vims  was  obtained  by  frequent  passage  through  the  jjeritoneal 
mvit;  of  guinea-pigs,  and  was  termed  the  fixed  vims.  Inoculations  are 
dnneiu  two  stages.  First,  O'l  to  0'5  c.c.  of  a  24-hDur  agar  tube  suspended 
ill  Woih  is  injected  subcutaneously.  Secondly,  three  to  eight  days  later, 
the  Bime  amount  of  the  \'irulent  culture  is  injected.  The  cultures  may 
I*  previously  sterUised  by  the  addition  of  0'5  per  cent  carbolic  acid. 

Kelle'»  Mfthod. — An  agar  culture  of  about  20  milligrammes  of  growth 
i*  iiupended  in  10  c.c,  of  salt  solution,  and  sterilised  for  a  few  minutes  at 
''0'  C,  to  this  0-5  per  cent  carbolic  acid  solution  is  then  added.  The 
'W  consists  of  1  c.c.  of  the  solution — equivalent  to  2  milligrammes  of 
eultun;.  The  bactericidal  value  of  the  patient's  soruni  obtained  by  this 
|»ut!iod  is  200  times  as  great  as  before  treatment.  Thus,  while  before 
"loculstion  0'6  grammes  of  the  patient's  serum  was  necessary  to  protect 
goinuv-frigs  against  ten  times  the  fatal  dose  of  vibrios,  after  inoculation 
only  0'(103  was  requird.  By  this  means,  then,  the  patient's  serum  has 
""liiirtxl  a  bactericidal  value  of  3  luilligrammes,  while  the  protective  action 
"' tile  serum  of  a  patient  convalescent  from  cholei-a  is  only  equal  to  10 
"milligrammes,  i.e.  more  than  three  times  as  weak. 

Slron(i'$  Method, — Strong,  starting  from  the  hypothesis  that  in  order  to 
\fxan  an  immunising  serum  of  high  value  it  is  necessary  to  have  a 
■"'ution  containing  as  many  free  combining  groups  (receplcra)  of  the 
'ibrionic  molectde  as  possible,  devised  methods  by  which  this  could  be 
"Wight  about.  The  cholera  i-ibrios  among  other  constituents  have  a 
i*pl'mising  ferment  which  is  not  killed  by  heating  to  60"  C.  Strong 
fnund  that  by  digesting  at  37"  cultures  previously  killed  and  known  to 
Vwwa  good  peptonising  qualities,  abundance  of  rcceptore  were  set  free. 
l^e  presence  of  these  is  shewn    l>v  their  jiowcr  of  binding   uniceptora 
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(agglutinins)  and  amboceptors  (bacteriolysins)  in  a  cholera  immune  aeiu& 
The  actual  method  employed  was  to  take  large  quantities  of  agjir  calioiti 
suspend  them  in  salt  solution,  sterilise  at  60°  C,  and  then  digest  (tx» 
lysis)  at  37'  for  2-5  days.  The  solution  is  then  filtered,  and  thefiitnlr 
used  for  procuring  cholera  immune  serums.  3  -  4  c.c.  of  this  vion 
inociUated  into  rabbits  produced  a  senim  with  a  btictericidal  value  d  » 
high  as  0*25  milligrammes,  i.e.  12  times  as  poweri'id  as  that  produeedbf 
Kolle's  method.  This  vacein  has  not  as  yet  been  sufficiently  tried « 
man.  In  the  case  of  Hatf  kine's  and  Kolle's  vaccins  and  other  modificatiooi. 
cjj,  Murata'Sjgood  results  are  on  record,  and  it  is  possible  that  really  effidt* 
vaccins  may  be  obtained  by  some  such  method  as  that  just  described. 

Summary. — If  we  now  review  shortly  our  position  with  re^  w 
the  bacterial  etiology  of  cholei-a,  we  find  that  (1)  vibrios  of  a  particubi 
kind  are  so  constantly  associated  with  the  disease  that  their  absence  nij 
justly  bo  taken  as  an  error   in   obsei*\'^ation ;  (2)  vibrios  arc  frequently 
found  in  pure  cultui-e  to  the  exclusion  of  other  organisms ;  (3)  none  o^ 
the  various  cultural  tests,  tfikcn  singly,  suffice  to  establish  specificity  n€ 
vibrio,  but  these,  taken  together  with  the  reactions  to  a  specific  senwH 
make  the  nature  of  the  isolated  vibrio  certain,  and  that  such  a  \ibrio  i* 
the  cause  of  cholera  there  can  hardly  be  any  doubt  at  the  present  day. 

We  shall  conclude  this  account  with  directions  to  guide  the  phyfflcii*» 
in  the  bacteriological  diagnosis  of  cholera ;  but  we  must  pivruise  ih»*-» 
comparatively  simple  as  this  is  in  skilled  hands,  it  cannot  be  undertake** 
by  persons  unfamiliar  with  bacteriological  methods. 

Bacterial  Investigation  of  Bowel  -  Contents  and  of  Dejeea^ — 
1 .  A  microscopic  examination  of  fresh  and  stained  specimens  is  afi- 
visablo.  For  staining  use  dilute  carbol-fuchsin  (I  :  lOH^O).  An  examin*' 
tion  of  the  '*  rice  "  |>articles  will  often  reveal  vibrios  in  pure  culture. 

2.  Inoculate  a  drop  of  peptone.  Keep  for  half  an  hour  at  37'  C- 
Examine  for  vibrios.  They  may  be  detected  when  not  originaDr  8e«»- 
These  are  merely  preliminary  but  useful  tests,  and  recourse  must  be  h*<* 
to  a  systematic  and  thorough  examination.  Detection  may  be  in  ?«■* 
cases  easy,  in  others  difficult,  so  that  all  possible  methods  should  " 
ado])tetl ;  these,  however,  may  be  mollified  according  to  the  results  f»i 
mici*oscoj)ic^l  examination. 

3.  Gf'lafin  Plates. — Starting  with  a  loopful  of  slimy  matter,  nuk« 
dilutions  and  pom-  out  two  sets  of  three  or  four  dilutions  each.  Incnbit* 
at  22"^  C.  for  1 8  hours.  Make  impression  specimens  or  examine  .««U8piciou* 
colonies.     Make  sub-cultures  on  agar  and  peptone. 

4.  Amir  Phfrs. — The  agar  is  poured  out  into  the  plates  and  th**" 
dried — with  the  cover  of  the  plate  removed — at  37'  C.  for  half  an  Iwor- 
A  loopful  of  slime  is  stirred  up  in  5  c.c.  of  broth,  and  the  surfaw  ^ 
each  j)late  is  carefully  smeared  with  a  loopful  of  this  fluid.  Dry*^'* 
the  uncovered  plates  at  37  C.  for  half  an  hour,  then  incubate,  *^ 
examine  in  12  to  18  hours.  By  this  means  superficial  isolated  colooK* 
can  be  got.  Choleia  colonies  have  by  reflected  light  a  peculwr  tran*" 
piirency,  but  they  cannot  ha  distinguished  from  cholera-like  colonies. 


o.  Pej'foite  "  Enriching  Method." — This  method,  origiimllj'  introduced  by 
Scboit«liiis,  is  by  fur  the  most  importitnt  method  of  exumination  for 
vibrioe,  and  should  on  no  account  be  omitted.  Inoculute  six  tubes  con- 
laining  euch  10  c.c.  of  peptone  with  a  looi>fui  of  materiul.  In  6  to  12 
bours  examine  the  tubes,  especially  those  with  any  pellicle-formation. 
Mnko  sub -cultures  into  further  peptone  tubes,  also  gelalin  and  agar 
plAt«e.  Further,  to  50  e.e.  of  peptone  solution  add  1  c.c.  of  faicus,  and 
then  pi'oceMl  as  1>efore. 

If  br  nny  of  these  methods  a  pure  culture  of  \-ibrios  has  1>een  ii<o]ated, 
the  culiuie  must  now  be  tested  with  a  view  of  determining  whether  it  in 
true  cholera  or  not, 

I'rfliminiiry  Test. — This  may  also  with  adt'antftpe  be  used  during  the 
imxess  of  investigating  siispitioTis  colonies,  A  specific  serum  with  an 
agglutinating  value  of  about  1 :  10,001)  for  true  cholera  is  necessary.  This 
is  dtlnied  with  08  per  cent  salt  solution  lo  1:500.  A  trace  of  the 
colony  is  now  nibbed  up  in  a  drop  of  this  dilution  and  incubated  as  a 
hanging  drop  at  37".  In  twenty  minutes  at  least  agglomeration  should 
be  cviilent  to  the  naked  eye  or  low  magnification.  A  control  with  normal 
«eriim  in  ten  times  the  concentration  should  lie  negative.  If  there  is  no 
Agglomeration  in  the  hanging  drop  the  colony  is  almost  certainly  not 
'.■liotera, 

Qttanlilttlitv  Ttst. — This  is  applicable  where  the  isolated  or  pure  culture 
I  »grep»  in  morphology,  growth,  etc.,  with  true  cholera.  Dilutions  of  the 
I  *pwific  cholera  serum  are  made  in  ati-engths  from  1:50  to  1 :  2000.  (A )  1 
C.C.  of  each  dilution  is  taken  and  1  loopful  of  culture  rubbed  up  in  each 
Wbc,  (B)  The  same  is  dine  using  a  known  cholera  culture.  (C)  Further, 
"  ntntrol  is  made  nsing  normal  serum  from  the  same  species  of  animal  as 
'lie  specillc  senira,  the  concentration  being  ten  limes  a«  gi-eal ;  lo  this  is 
Glided  the  culture  to  l>e  tested.  (A)  and  (B)  should  agree;  (C)  if 
''l&clutinalion  occurs  at  all  it  should  only  be  in  the  very  highest  con- 
"futrstions.  With  the  results  of  this  (juantitative  lest  Pfeifl'er's  pheno- 
'"^'lon  ».houId  now  agree. 

Pfeigf^i  Phenomenon. — A  specific  aenim  must  be  used  of  the  value  of 
*'  I<MiBi  U'OOOa  gramme.  The  following  mixtures  are  then  made.  (A) 
titn^  the  unit  dose,  t.«r.  I  nigm.  serum  +  1  loop  of  suspected  culture  + 
'  '^-U  broth ;  (B)  10  limes  the  unit  dose,  i.e.  3  mgm.  of  serum  +  1  loop 
"'  Culture  +  1  c.c,  broth  ;  (C)  50  times  the  unit  dose,  i.e.  10  mgm.  of 
'"''mai  serum  +  1  loop  culture  +  I  c.c.  broth  :  (D)  \  loop  of  culture  only 
,"  1  c.c  liroth.  These  mixtures  are  injected  respectively  intraperitonejilly 
'"to  four  guinea-pigs  (200  grammes).  If  the  culture  is  cholera,  then  (A) 
""^l  (B)  should  shew  a  positive  reaction  in  30  minutes,  at  latest  1  hour. 
("^  and  ([))  should  give  a  ne^tive  reaction. 

hrrsH'jiiliim  i>fa  SwprnUd  IVnler.—Ta  10  flasks  each  of  100  c.c.  of  H/), 
ftdd  10  cc.  of  10  per  cent  peptone  solution,  making  the  solution  now 
*"*'Hain  1  per  cent  peptone.     Incubate  at  37^  C.     Examine  for  pellicle- 
,  iWiDfttion.  and  proceed  as  before. 

J.  W.  W.  Stephens. 
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MoRRiu  Anatomy 

Tlie  morbid  ohangea  distlosed  by  (wst-mortem  inspection  of  dwte* 
cases  vary  with  the  stage  of  the  disease  at  which  death  took  pUcc  i* 
a  general  ride  alterations  in  blood  distribution  are  the  most  prumilMnt 
feature  of  early  deaths.  Epithelial  disorders  of  mucous  IractB  »«» 
ei-idencea  oi  glandular  irritation  occur  later ;  and  in  more  protre*** 
cases,  indications  of  more  serious  structural  changes — inflamraatoiT  (C 
necrotic — -may  be  seen.  The  morbid  anatomy  of  typical  choIer»  » 
characteristic  and  constant.  The  surface  of  the  body  rotaina  the 
peculiarities,  shrivelling  and  liridity,  manifested  during  life.  Posl-mo»W» 
rigidity  appears  early  and  lasts  long.  In  some  cases  muscular  eontnctin* 
occur  soon  after  death  and  cause  distortions  of  the  body.  Poat-mortB" 
rise  of  temperature  has  also  been  oliserved. 

The  dii/Mtire  tract  reveals  signs  of  grave  disorder,  which  are  luittDr 
moat  marked  towards  the  termination  of  the  ileum.  The  stomach  • 
generally  empty  ;  its  lining  membrane  is  usually  congested,  the  dig"* 
of  hyperiemia  varying;  ecchymoaes  are  occasionally  seen,       '       ' 
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emorrhage  into  the  cavity ;  a  state  of  catarrhal  inflammation  is  some- 
xies  found  ;  the  contents  may  be  acid,  neutral,  or  alkaline ;  the  duo- 
inum  and  jejunum  usually  exhibit  hypera^mia,  either  continuous  or 
ttchy,  arborescent  or  capillary.  The  lining  membrane  is  generally 
rollen  and  sodden,  and  a  pulpy  material  can  be  scraped  ofi^  it,  which 
insists  mostly  of  granular  cells  and  amorphous  protoplasmic  masses, 
nlargement  of  Brunner's  glands  has  been  described  (Griesinger),  and 
laudation,  often  extensive,  is  frequently  seen.  Whether  this  shedding 
epithelium  be  the  result  of  a  necrotic  process  durin<5  life  or  a  post- 
lortem  detachment  is  a  subject  of  doubt  and  dispute.  The  ileum  shews 
milar  changes,  but  especially  the  last  twelve  or  eighteen  inches.  The 
ilitary  glands  are  enlarged,  and  stand  out  prominently,  and  Pcyer's 
atches  are  congested  and  swollen.  This  portion  of  the  gut  may  also 
le  covered  with  a  croupous  or  diphtheritic  pellicle,  more  or  less  adherent 
»  the  surface,  <and  flocculent  processes  may  project  into  the  lumen  of 
the  tube,  and  may  occasionally  fill  and  .obstruct  it.  Separation  of  this 
material  may  give  rise  to  excoriation  or  even  to  ulceration.  Ecchymoses 
of  the  walls  and  haemorrhages  into  the  cavity  of  the  small  intestine 
lometimcs  occur.  The  large  intestine  is  generally  less  seriously  diseased 
'ban  the  small.  Congestion  and  catarrhal  inflammation  may  occur,  and 
n  rare  cases  ulceration  giving  rise  to  haemorrhage.  The  walls  of  the 
ntestinal  tube  are  generally  thickened,  and  the  lumen  contracted.  The 
^ritoneal  surface  is  injected,  and  presents,  as  Sir  S.  Wilks  observed,  a 
t^aracteristic  rosy  colour.  The  peritoneal  cavity  contains  no  fluid.  The 
^eaent^ric  glands  are  enlarged,  hypersemic,  and  infiltrated  with  a  whitish 
fHnular  exudation  (Aitken). 

The  contents  of  the  intestines  vary  in  quantity  according  to  the  amount 

f  vomiting  and  purging  during  life ;  they  vary  in  quality  according  to 

^e  stage  and  intensity  of  the  disease.     The  cholera  stool  is  a  turbid, 

^y  or  greyish-white  liquid,  resembling  water  in  which  rice  has  been 

oiled.     On  standing,   a   granular,   curdy,   or   flaky   material    subsides, 

^ving  a  whey-  like  supernatant  fluid.     The  reaction  of  the  material  is 

alkaline,   and   its  specific  gravity  from    1005    to   1015.     The  material 

ound  in  the  intestines  after  dciith  resembles  the  sediment  which  settles 

Erom  the  evacuations  passed  during  life.     The  solid  elementa  in  a  motion 

limount  to  from  10  to  30  parts  per  1000,  the  soluble  salts  from  5  to   10, 

•nd  albumin  and  extractives  from  2  to  20  (Parkes).     The  amount  of 

dbumin  is  small,  but  of  salts-^sodium  and  potassium  chloride,  sodium 

pbosphate,  ciir]x)nate,  and  sulphate — considerable.     Nitric  acid  sometimes 

pves  a  red   reaction.     Considered  as  a  derivative  from  the  blood  the 

cholera  evacuation  accounts  for  a  large  loss  of  water,  a  large  loss  of 

■oluble  salts,  and  a  moderate  loss  of  albumin  and  animal  matter. 

The  microscopy  of  tlie  intestinal  discharges  and  contents  has  been  the 
**/ect  of  laborious  investigations.     The  objects  found  are  embraced  in 
following  categories : — 
{-    -^^bris  of  food, 
"•    Jesuits   of   epithelial    proliferation   and    glandular    irritation — 
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amorphous,  granular,  and  protoplastic  masses,  granular  cell-formB,  mh! 
cloudy  epiihelia.  The  amount  of  epithelial  cells  found  in  the  conleou 
after  death  exceeds  thnt  discovered  in  the  stools  during  life. 

3.  Ited  blood  -  cells  and  leucocytes.  Much  of  the  protoplMni! 
granular  material  which  forms  so  large  a  proportion  of  tho  tnlid 
consliluent  of  the  stool  is  held  to  be  derived  from  changes  which  hivt 
taken  place  in  white  cells  that  have  migrated  from  the  blood  (Lewis). 

■1.  Organisms  ;  some  peculiar  to  cholera,  others  incidental  to  it  Tlw 
bacteriology  of  the  disease  Iieib  been  already  described. 

The  /I'rer  is  generally  affected  with  venous  congestion,  the  colnur 
being  dark,  and  venous  blood  escaping  on  section.  The  gall-bWdtr  it 
full  of  bile,  which  in  later  stages  is  thin  and  watery.  Shedding  of  the 
epithelium  of  the  biIa^^^ct3  lias  been  described.  There  is  no  raocbaiiinl 
impediment  to  tho  discharge  of  bile  through  the  ducts. 

The  syirMiv  is  not  enlarged  ;  on  the  contrary,  it  presents  signs  of  con- 
traction and  expulsion  of  liquid. 

The  hidiui/s  eKhiMt  evidence  of  grave  pathological  disturli&nce.  Thev 
are  increased  in  size  aQ<l  much  congested.  Ecchymotic  spots  and  patchn 
are  sometimes  seen  beneath  the  capsnie  and  throughout  the  pareuchTlu. 
The  tubes  are  blocked  with  a  granular  material.  The  epithelial  cell*  vt 
cloudy  and  swoUen,  and  in  later  stages  fatty.  In  advanced  cases  tie 
tubes  are  devoid  of  epithelial  covering.  The  cells  undergo,  iu  (act,  m 
acute  process  of  degeneration  and  destruction. 

The  stale  of  the  unne  accords  with  these  conditions.  The  cxcMxa 
is  at  first  suppressed,  then  scanty,  of  high  specific  gravity,  albumtnoos, 
and  containing  casts — epithelial,  granular  and  hyaline ;  and  ultiDuUly. 
iu  prolonged  cases,  abimdant  in  quantity,  watery,  and  devoid  o(  albiunin. 
The  proportion  of  saline  materials  is  greatly  diminished  in  the  urine  d 
cholera,  and  of  urea  somewhat,  Indican  is  a  conspicuous  constituent 
(Croinbie).  Bright's  disease  is  a  rare  aequel  of  cholera.  Temponfy 
glycosuria  is  sometimes  met  with.  The  hhidder  is  generally  einpijr 
and  firmly  contracted  in  cases  fatal  e^rly  in  the  disease. 

The  drndatoTi/  system  iitui  blood  undet^  serious  and  characUriiU*^ 
changes.  The  heart  is  not  altered  in  structure,  but  in  some  cnsca  hmtan^- 
rhagio  spots  and  patches  may  be  observed.  Tho  right  cavities  are  geneaUjT 
distended  with  dark  tarry  blood ;  the  left,  as  a  rnle,  ai-e  empty,  Tbe 
distension  extends  inUi  the  vents  cavie,  and  into  the  pulmonary  artcrie* 
as  far  as  the  lungs.  In  a  considerable  pro|jnrtion  of  cases  white  clot*  «• 
found  in  the  right  ciLvities,  and  extending  into  the  pulmonary  artriw^ 
detached  thrombi  have  also  been  found  in  the  l3tt«r.  Detachment  "f 
the  epithelium  of  the  vessels  and  adhesion  of  the  blood  to  the  denuded 
surface  have  been  described  (Thudichum).  Dr.  \\'all  concludes  IfW» 
clinical  and  post-mort«m  ohsorvations  that  thrombosis  is  a  ccmnoii 
incident  of  the  collapse  stage  of  cholera,  and  that  the  clots  in  tho  iv* 
and  vessels  undergo  liquefaction,  fragments  of  thorn  sometimes  remaining 
as  pulmonary  emboli  and  infarcts.  The  pulmonary  veins  are  foun^ 
empty  and  contracted  in  cases  fatal  during  the  stage  of  collapse,    ^c 
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3tr>^V>iitioQ  of  blood  in  the  body  is  abnormal,  the  veins  and  their 
ibutn-^^^nes  are  distended  with  thick  dark  blood,  and  the  arteries  and 
^pilLskries  empty.  The  solid  organs  exhibit  well-marked  venous  engorge- 
lent.  In  the  later  (reactive)  stages  of  the  disease  these  conditions  of 
he  oii-culation  undergo  change ;  also  when  recourse  has  been  had  to 
irfurTO.  saline  intravenous  injections — the  change  being  towards  a  restora- 
tiou  of  the  ordinary  distribution  and  balance  of  the  blood. 

The  physical,  chemical,  and  microscopic  conditions  of  the  blood  have 
been  made  the  subject  of  elaborate  research.  Three  osmotic  processes 
appear  to  exist  during  the  progress  of  choleraic  disease  :  1st,  an  exosmotic 
effusion  from  the  vessels  into  the  intestinal  canal ;  2nd,  an  exosmotic 
current  from  the  corpuscles  into  the  surrounding  fluid ;  and,  3rd,  an 
eodosmotic  transit  of  fluid  from  the  tissues  into  the  vessels.  By  these 
processes  the  blood  becomes  profoundly  altered  physically  and  chemically. 
The  outflow  of  constituents  has  been  detennined  by  Schmidt  to  take 
place  in  the  following  order :  the  water  transudes  before  the  solids  of 
the  serum,  the  inorganic  before  the  organic  solids,  the  chlorides  before 
the  phosphates,  the  salts  of  soda  before  the  salts  of  potash  ;  the  alkalinity 
being  much  diminished.  The  same  law  applies  to  the  other  currents, 
which,  however,  are  smaller  and  later,  and  fail  to  replace  the  material 
which  has  escaped.  The  blood  in  acute  cholera  is  therefore  found  to  be 
of  high  specific  gravity,  even  1073,  very  dark  and  inspissated,  and 
deficient  in  water  and  salts.  Cells  and  albumin  are  in  excess,  but 
authorities  dift'er  as  to  the  amount  of  fibrin-factors  and  the  coagulability 
of  the  blood.  The  amount  of  oxygen  in  the  blood-cells  is  seriously 
diminished.  The  blood  regains  its  brightness  on  ex]>osure  to  air  in  thin 
'•yers,  and  on  contact  with  the  intestinal  discharges  (Parkes).  Urea  has 
been  found  in  it  in  cases  fatal  in  the  algid  stage. 

Owing  to  concentration,  due  to  severe  purging  and  vomiting,  there  is 
*D  ijicrease  in  the  niunber  of  red  blood-corpuscles  or  polycythsemia  to 
between  6,500,000  and  7,500,000  ;  with  this  there  is  a  corresponding 
^*8e  in  the  percentage  of  haemoglobin.  As  originally  pointed  out  by 
Mrchow,  and  confirmed  by  Le>vis  and  Cunningham,  there  is  a  leucocvtosis. 
In  moderately  severe  cases  the  count  is  about  30,000 ;  before  death  a 
leucocytosis  of  50,000  is  not  uncommon.  In  the  algid  stage  a  leucocytosis 
of  40,000  to  60,000  is  of  very  bad  prognosis  (Biernacki).  The  leuco- 
cytosis is  polymorphonuclear.  No  special  organism  or  mateiial  of  the 
miture  of  virus  or  toxin  has  been  detected  in  the  blood  of  cholera  either 
hy  the  microscope  or  by  chemistry.     For  cholera  toxin,  vide  p.  455. 

The  lung^  in  a  Ciise  of  death  in  the  collapse  stage  are  found  to  be 

"^ht,  dry,  and  shrunken.     There  is  a  deficiency  both  of  blood  in  the 

''easels  and  of  air  in  the  alveoli.     These  are  the  characteristic  cholera 

y^&'f  but  in  later  stages  they  may  l)e  congested,  oedematous,  or  collapsed. 

"^pieurce  are  usually  healthy. 

foe   hrniii  and  its  membranes  exhibit  venous  congestion.     Signs  of 
^j^S'itis  are  sometimes  present  in  advanced  cases. 
^"^    lissu^  are  dry,  doughy,  and  shrunken  from  removal  of  water. 
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The  muscles  are  also  dry  and  contain  an  unusual  amount  of  urea.     They 
are  sometimes  found  ruptured. 

Theory  of  Cholera. — The  phenomena  observed  during  life  and  the 
appearances   seen  after  death  undoubtedly  indicate   that    the  cholenic 
process  is  due  to  the  entry  into  the  system  of  a  poison  which  causes,  in 
the  first  instance,  violent  functional  disturbances ;  then  sets  up  seriou 
organic  disorders,  and  finally  gives  rise,  if  life  be  prolonged,  to  importiot 
structural  changes.    The  early  incidents  of  cholera  cases — more  particuhrij 
the  varying  duration  of  the  inculmtive  stage,  the  usual  occurreDce.  bitt 
occasional   absence,   of  initial  signs  of  intestinal  irritation  and  ner\'oiii 
disturbance  and  depression — would  suggest  that  the  disease  may  be  ^ 
either  to  ingestion  of  a  poison  elaborated  elsewhere,  in  which  case  the 
invasion  would  be  sudden,  and  the  eflfects  depend  on  the  dose  ;  or  to  the 
reception  into  the  intestinal  tube  of  a  microbe  in  circumstances  favoor 
able  for  its  multiplication ;  in  the  latter  case  symptoms  of  intestioil 
derangement,  of  longer  or  shorter  duration,  would  precede  the  genefil 
poisoning  by  a])sorption  of  the  elaborated  product.     (For  cholera  toxin, 
vide  p.  455.) 

The  phenomena  of  cholera,  especially  of  its  later  stages,  constitute  i 
remedial  reaction ;  and  the  disease  has  with  plausibility  been  likened  to 
a  febrile  paroxysm  with  a  severe  and  prolonged  algid  stage.  Cases  lod 
outbreaks  of  malarial  fever  have  been  observed  which  it  was  found 
almost  impossible  to  distinguish  from  cholera.  On  the  other  handjiB 
some  cases  and  outbreaks  of  the  latter  disease  the  febrile  phenonKV 
assume  a  marked  prominence.  The  |x>ison  seems  to  exercise  a  spedil 
influence — deleterious  and  destructive — on  the  epithelial  elements  of  li* 
intestinal  and  urinary  tubes,  and  on  the  glands  and  follicles  of  the  former: 
but  a  strong  impression  on  the  nervous  system,  leading  to  contractioi 
of  arterioles  and  disturbance  of  the  balance  of  the  circulation,  with 
preponderance  towards  the  venous  side,  is  a  very  early  effect  of  the  poia* 
in  the  blood,  which  soon  undergoes  imporUint  dynamical,  organic,  ib4 
chemical  alterations.  Many  of  the  later  incidents  of  cholera  are  due,  no 
doubt,  to  absorption  from  the  tubes  and  tissues  of  secondary  poisons  (i 
bacterial  or  degenerative  origin.  The  view  that  the  intestinal  disturf*- 
ance  is  sufficient  to  account  for  all  the  otlier  phenomena  of  choleni  tf 
secondary  and  consecjuential  effect.s  is  no  longer  tenable ;  and  the  choleraic 
process  cannot  be  satisfactorily  explained  otherwise  than  as  the  effect  of 
one  of  those  organic  j)oisons  which  constitute  a  very  early  stapJ  ^ 
decomposition  of  protcids,  or  result  from  the  metabolism  of  these  by  the 
ai,'enoy  of  micro-organisms. 

Wlieu  the  virulence  of  the  poison  has  been  spent,  or  its  remo^J 
effected,  the  primary  distur])ances  set  up  by  it  are  very  soon  and  cob- 
pletely  recovered  from.  The  secondary  changes  occurring  during  tlie 
stiige  of  reaction  are  more  serious  and  prolonged ;  but  these  like** 
very  seldom  leave  permanent  structural  defects. 


CHOLERA  463 


Clinical  Aspects  of  Cholera 

;oms  of  Cholera. — In  different  epidemics  and  different  indi- 
tes these  present  considerable  variation.  It  will  be  most  con- 
)  describe,  in  the  first  place,  the  phenomena  of  an  ordinary 
he  form  of  disease  most  frequently  met  with ;  and  then  briefly 
.te  those  less  common  manifestations  which  are  seen  during 
3  of  epidemic  outbreaks,  and  seem  to  owe  their  exceptional 
to  variations  in  the  strength  and  amount  of  the  poison,  or  to 
es  in  the  constitution  and  proclivities  of  individuals  who  have 
jcted  to  its  influence. 
dinary  Form. — In  a  characteristic  case  of  cholera  it  is  always 

0  distinguish    certain  well-marked    stages    which    have   been 

1  by  their  most  striking  features.  A  premonitory  or  incubative 
be  recognised  in  a  large  proportion  of  cases,  followed  by  the 
jvacuation,  of  which  piu'ging,  vomiting,  and  muscular  cramps 
3st  prominent  phenomena ;  to  this  succeeds  a  stage  of  collapse, 
sed,  iis  the  name  implies,  by  profound  depression  of  all  the 
of  the  body ;  finally,  a  stage  of  reaction,  in  which  more  or  less 
'itement  is  manifested,  ends,  in  favourable  cases,  in  recovery. 
age  of  incuhatwii  is  that  which  intervenes  between  the  reception 
us  and  the  manifestation  of  serious  and  characteristic  disturb- 
lealth.  Its  duration  varies  from  a  few  hours  to  a  few  days, 
not  exceeding  ten.  Three  to  six  days  appear,  inferentially, 
usual  length  of  this  stage ;  though  precise  and  positive  know- 
anting,  owing  to  the  lack  of  exact  information  as  to  what  enters 
and  how  and  when  it  effects  an  entrance.  The  symptoms  of 
health  which  may  be  felt  or  observed  during  this  period  are 
to  gastro-intestinal  irritation,  and  to  a  disturbed  or  depressed 
of  the  nervous  system.  Diarrhoea  is  the  most  common  pre- 
iholera :  it  may  last  for  hours  or  even  (Jays,  and  is  apt  to  be 
id  watery,  motions  being  passed  three  or  four  times  a  day  ;  it 
ainless  or  accompanied  \vith  griping.     There  is  often  a  feeling 

or  oppression  at  the  pit  of  the  stomach,  and  there  is  reason 
I  that  in  this  stage  digestion  is  seriously  impaired  (Chevers). 
3U8  symptoms  t«ike  the  form  of  malaise,  depression  of  spirits, 
fcious  expression,  exhaustion,  giddiness,  tinnitus,  and  headache. 
>st  cases  premonitory  symptoms  are  not  noticeable  or  are  very 

and  the  disease  sets  in  without  warning,  with  violent  purging 

ting,  speedily  followed  by  cramps  and  progressive  exhaustion. 

the  essential  phenomena  of  the  dage  of  emamiioUj  which  may 

two  to  twelve  hours  or  longer  —  the  duration  depending 
m  dosage  and  vital  resistance.  Tlie  purging  is  frequent,  copious, 
ry.  The  earlier  stools  are  feculent,  the  later  pale,  resembling 
"rater  in  which  rice  has  been  boiled — a  flocculent  or  curdy  sedi- 
ig  de}X)sited  on  standing.     Later  motions  are  sometimes  sanious. 
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Successive  evacuations  should  be  received  in  se|)arate  vessels  for  obsem 
tion  and  comparison.     There  may  be  griping  or  abdominal  {Min ;  mon 
frequently  there  is  neither.     The  bulk  of  material  passed  in  this  itap 
is  often  very  large.      Vomiting  generally  begins  later    than    purgiDg: 
the  contents  of  the  stomach  are  first  escpelled ;  and  it  has  been  obsemd 
that  these  are  often  undigested,  though  they  have  been  in  the  stomack 
for  some  time.     The  later  rejections  are  watery  and  copious,  emitted  viil 
force,  and  occasionally  tinged  with  blood.     Vomiting  is  easily  excited  ly 
ingesta,  and  these  are  generally  returned  sooner  or  later.      In  some  CMtf 
distressing  and  exhausting  retching  occui-s  without  much   result    He 
reaction  of   the  vomited    material    varies;    it   is  sometimes  very  adi 
Muscular  cramps  are  a  painful  feature  of  this  stage  ;   they   may  bepD 
with  the  purging,  and  be  prolonged  into  the  next  stage.     The  legs  iff 
their  most  frequent  seat ;  but  the  muscles  of  the  abdomen  and  back,  ud 
in  some  cases  the  whole  muscular  system,  may  be  affected ;  the  cnmjMd 
muscles  feel  hard  and  knotty,  and  in  many  cases  the  pain  is  very  seren 
The  temperature  of  the  body  falls  somewhat  as  this  stage  proceeds,  tk 
surface   becoming  cold,   dusky,   clammy,   or  covered  Avith  sweat    Hi 
feiitures  are  drawn,  eyes  sunk,  expression  anxious  or  blank,  fingers  ai 
toes  shrivelled,  tongue  white  and  cold.     There  is  great  thirst  and  moA  , 
restlessness.     The  breathing  is  not  thus  far  much  affected,  but  the  pnl* 
rises  in  rate  and  loses  in  force.     The  patient  becomes  greatly  exhM£t«4 
and,  though  generally  sensible,  is  apithetic.     Recovery  may  occur  in  tUi 
stage  by  ces.sation  of  purging,  vomiting,  and  cramps,  and  with  gndnl 
restoration  of  strength ;  but   in   the  majoiity  of  cases  a  more  profoal 
depression  of  vitality  sooner  or  later  supervenes.     This  is  the  fftf*^ 
rollapsf'y  into  which  the  pitient  may  lapse  gradually  or  suddenly,     h  wy 
last  from  two  or  three  to  forty-eight  hours,  or  even  more,  the  att<nti» 
being  withdrawn   from   the   evacuations,  and  arrested   by  the  signs  ■ 
alarming  exhaustion.     Licpiid,  colourless  motions  may  still  l>e  occasionilf 
passed  involunUirily;  or  the  presence  of  watery  material  may  be  dctert" 
in  the  intestines  by  paljxition  or  succus.sion.     Vomiting  or  attempt** 
vomit  may   jMirsist,  and   cramps  are  often   present,   sometimes  teffW 
])ainful.     But  these  symptoms  are   overshadowed  by   the  evidenrt*" 
failing  power :  the  pulse  flickers  and  fails  at  the  wrist,  and  is  someti*' 
imperceptible  in  the  brachial  and  almost  so  in  the  femoral  a rteritf:* 
rate,  always  accelerated,  may  rise  to  120  or  140,  or  even  higher.  ^ 
heart-sounds  get  less  distinct,  especially  the  first :  in  some  cases  muiw*' 
and  friction  sounds  are  detected  in  tin's  stage  (Wall),  which  betokffl* 
turbed  an<l  inco-ordinate  contraction  of  its  walls  or  the  existence  flfw* 
in  its  cavities. 

The  capillary  circulation  becomes  slow  and  feeble,  the  surfacf^ 
livid  ;  respiration  is  quick  and  shallow ;  [)ainful  and  often  paroxr^ 
dyspncra  arises,  compelling  the  sufferer  to  struggle  for  breath:  * 
ox])ired  air  is  cold,  and  deficient  in  carbonic  acid.  The  face  pres«* 
the  characteristic  choleraic  ex])rossion — features  pinched,  skin  dr»^|^ 
balls   sunken  and  surrounded   by  a  dark  areola,  lids  half-closed  p'V* 


conti-aoted,  mouth  open,  teeth  covered  with  sordes,  tongue  cold,  face 
a]Mth«tic.  The  general  aurfai*  ia  cyanotic  and  clammy  or  hedewed 
with  cold  sweat ;  the  fingers  and  toes  are  wriukled.  There  ia  great 
reetleasneM  and  profound  debility.  The  intel1t(:ence  is  clouded,  the 
senses  impiiired,  the  muscular  power  diminished  :  in  some  cases  Bcuse 
And  sensibility  and  capacity  of  movement  are  retained  ;  in  others  coma 
or  A  Bern i -comatose  state  exists.  The  voice  is  husky  and  feeble,  or  the 
[Nilient  uin  epeak  only  in  faint  whis[)crB.  Thii'st  is  imperative,  and  a 
f(M>liag  of  coldness  is  felt  Th«  urine  is  suppreesed  ;  the  bladder  is 
generally  emptied  in  the  preceding  stage,  and  no  further  accumidation 
of  urine  takes  place.  The  temperature  of  the  surface  and  mouth  is 
greatly,  and  in  fatal  cases  increasingly,  depressed,  and  may  fall  IkIow 
90  F. ;  thp  tem)wrature  of  the  axilla  is  higher,  but  below  normal, 
readjtiga  of  1)5°  to  97''  F.  being  not  uncommon  in  this  stage  ;  the  rectal 
t«Ri{>erutnre  may  be  slii^htly  subnormal  or  normal,  but  in  time  it  shews 
a  tendency  to  rise  above  the  normal. 

In  this  stage  a  j>eculiar  and  characteristic  odour  may  be  delected  in 
the  breath  and  from  the  akin.  The  motions  are  devoid  of  smell  unlesEi 
ifar^y  are  retained,  in  which  uilsc  they  ijuickly  become  otletiEive.  It  is 
iti  this  singe  of  cholera  that  death  most  frequently  occurs ;  and  tin; 
f.ttal  event  may  hapjten  early  or  late,  very  suddenly  or  after  some 
lingering  hours  while  life  and  fimction  are  slowly  waning.  Death 
tnay  occur  from  respiratory  failure,  asthenia,  or  coma. 

The  stige  of  reactim  is,  generally  speaking,  characterised  by  a 
'pTaiiaal  restoration  of  power  and  restimption  of  function.  The  pulse 
reiuma  to  the  wrist,  feebly  and  fitfully  at  first ;  but  there  is,  in  favour- 
iMi  coses,  a  progression  in  steadiness  and  strength.  The  breathing 
Womes  unsy  and  the  patient  tranquil.  Blueuess,  coldness,  shrinking, 
tnd  clamminess  of  the  skin  give  way  to  roundness  and  warmth.  Tem- 
I^THtura  is  normal  or  slightly  raised.  The  stomach  regains  its  tone,  and 
tnod  is  retained.  The  stools  resume  their  proper  colour ;  some  looseness 
inay  persist^  but  the  tnotions  are  less  frequent  and  less  watery,  and 
'ihibil  successively  deepening  tints  of  grey  and  brown.  Unne  ia  passed, 
^W'ih  its  veapjiearance  may  he  delayed  for  many  hours ;  it  is  at  first 
"Wity.  high-coloured,  of  strong  smell,  high  specific  gravity,  alhunjinous, 
Mcl  oaniaining  indican  and  caste;  then  it  l>ecomes  copious.  Mental 
"JtiviTy  and  muscular  power  return,  and  complete  recovery  may  take 
pw  within  n  few  days. 
So  happy  a  result  is,  howevei',  by  no  moins  invariable.  In  a  con- 
mMe  proportion  of  cases  (from  10  to  25  percent)  events  occurdnring 
•  lUge  of   reaction  which   constitute  a  serious  departure   from  the 

tl  sequence,  and  prolong  the  illness  or  cause  death. 
The  variations  which  take  place  in  the  symptoms  and  course  of 
KNera  are  numerous  and  well  marked,  and  have  led  to  the  distinction  of 
^^Tera]  Torms  of  the  disease.  These  varieties  are  apt  to  present  them- 
""Ivm  more  or  less  prominently  in  different  epidemics  and  at  different 
PWodi  i)f  the  same  epidemic  ;  and,  for  purposes  nf  diagnosis  and  treat- 
""     Tin..  ti.^PT,  ir  2  H 
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inent,  it  is  highly  important  to  tako  them  into  account.  They  are  bM 
described  in  the  order  of  succession  of  the  phases  of  the  ordimi^ 
dise<'ise. 

1.  The  disturbance  of  heaLh  may  be  slight  and  transient.  Daring 
an  epidemic  of  cholera  many  persons  complain  of  slight  malaise,  anorem 
and  looseness  of  bowels  which  pass  off  with  or  without  treatment.  lUi 
is  the  so-called  (unbiilatory  form.  The  disease  appears  to  be  arrested  a 
abortive  in  the  incubative  stage.  It  is  important  to  note  that  the  coimii 
bacillus  is  found  in  the  stools  of  such  cases,  which  may  therefore  be  souroei 
of  infection. 

2.  In  other  and  more  frequent  cases  the  diarrhoea  is  more  pronouneed 
and  persistent — painless,  accompanied,  perhaps,  with  nausea  or  vomidi^ 
and  sometimes  with  cramps.     The  stools  are  copious  and  watery,  inclii- 
ing  gradually  to  the  rice-water  type.     There  is  no  suppression  of  urine. 
Cases  of  this  kind  occur  in  anticipation  of  or  curing  an  epidemic,  laJ 
contribute  to  that  excessive  prevalence  of  diarrhoea  which  statistics  indi- 
cate as  generally  concomiumt  with  cholera.     With  or  Avithout  the  ^dd 
medicine  recovery  usually  takes  place  within  twenty-four  hoiu^ ;  but  dH 
unfrequently  such  cases,  especially  if  untreated,  lai)se  into  true  cbol« 
This  form  of  disease  has  received  the  name  of  choleraic  diarrhoea  or  choUrm, 
and  appears  to  represent  an  arrest  in  the  stage  of  evacuation. 

3.  On  the  other  hand,  this  stage  may  seem  to  be  absent-,  patieott 
passing  quietly  into  fatal  collapse  without  either  vomiting  or  purgio^ 
Cases  of  this  sort  have  been  described  as  occurring  at  Karachi  in  tbe 
year  1846,  and  at  Teheran  in  the  same  year.  On  post-mortem  exanuBi- 
tion,  however,  the  characteristic  lesions  and  evacuations  of  chol«rrB«» 
found  in  such  cases.  The  absence  of  evacuation  and  the  rapid  prost* 
tion  have  been  attributed  to  the  large  dose  or  special  virulence  of  tk 
poison  which  rapidly  overpowei*8  vital  resistance  and  energy.  This  fort, 
which  is  very  rare,  has  been  called  chdera  siccu, 

4.  The  st4ige  of  collapse  is  very  short ;  death  takes  place  suddenly 
from  respiratory  failure,  with  symptoms  of  gravely  disturbed  cardi* 
iwjtion  and  impeded  circulation  through  the  lungs.  This  may  depend  <» 
spiisni  of  the  pulmonary  arterioles,  on  the  difficulty  of  transmission  of  t^ 
inspissated  blood  from  the  right  heart  into  the  lungs,  or  on  the  formatiw 
of  clots  in  the  right  cavities.  Dr.  Wall  described  murmurs  and  frirtiflB 
sounds  which  he  attributed  to  this  cause  :  the  condition,  though  frequently* 
is  not  necessarily  fatal.  It  may  be  called  the  embolic  form  or  phart  <* 
cholera. 

5.  On  the  other  hand,  the  cold  stage  may  be  prolonged  up  to  ttirtj* 
six  or  forty-eight  hours.  Recovery  sometimes  takes  place  in  such  f«* 
but  the  unfavoui-able  contingencies  of  the  reaction  stage  are  morelikely*^ 
occur  in  these  circunistiinces. 

6.  The  intelligence  of  the  patient  is  in  some  cases  marvellouslf  k«* 
during  the  stages  of  evacuation  and  collapse ;  but  a  condition  of  gfo^ 
prostration  and  apathy  is  the  rule.  In  some  instances  the  clouding  of  wj 
intellect  and  dulling  of  the  senses  are  early  and  profound,  and  ort" 
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h&nnony  with  the  other  symptoms.  This  'primarij  cltoleraic  siujfjar  has 
been  attributed  to  the  direct  effects  of  the  choleraic  poison  on  the  nervous 
tissues  (Wall). 

The  varieties  of  cholera  depending  upon  variations  in  the  phenomena 
&nd  course  of  events  in  the  stage  of  reaction  are  numerous  and  important. 

7.  The  reaction  may  be  imperfect.  Some  revival  from  collapse  may 
occur,  but  the  temperature  remains  subnormal,  purging  and  vomiting 
continue,  the  pulse  does  not  regain  power,  exhaustion  is  progressive,  and 
the  patient  in  time  sinks  from  asthenia,  or  may  pass  into  a  fatal  '* typhoid'' 
phase. 

8.  In  other  cases,  after  temporary  amelioration,  there  is  a  relapse  of 
the  purging  or  vomiting,  and  death  by  exhaustion  sooner  or  later  ensues, 

■y       though  recovery  from  the  relapse  is  possible.     The  relapse  may  be  induced 
by  the  use  of  purgatives  or  indiscretion  in  diet. 

9.  A  very  serious  variety  of  cholera  is  the  hypertheiinic  form,  in  which 
^:  during  collapse  the  rectal  temperature  is  found  rising  to  100"*  F.  and 
-J        over.     The  axillary  temperature  soon  follows  suit,  and  a  very  high  degree 

oi  heat  (as  much  as  107°  F.  in  the  axilla,  and  109°  F.  in  the  rectum — 
p  Wall)  may  be  reached.     Such  cases  are  very  fatal. 

10.  During  the  stage  of  reaction  patients  not  unfrequently  lapse  into 
a  t^hoid  state.     This  does  not  depend  on  excessive  temperature  or  on 

i  :  suppression  of  urine,  but  seems  to  correspond  rather  with  the  state  of 
!c  ■  ** prostration  with  excitement"  met  with  in  other  circumstances.  The 
■s"  symptoms  are  those  of  the  typhoid  condition,  however  caused — moderate 
a*'  elevation  of  temperature  (101°  to  102°  F.),  excitement  of  pulse  and 
^*  respiration,  failing  power,  restlessness,  delirium,  subsultus,  dry  tongue 
■•t  •nd  lips,  sordes,  stupor  merging  into  coma,  and  in  prolonged  cases  pur- 
^  pura  and  bed-sores.  This  condition  is  generally,  but  not  necessarily  fatal. 
Convalescence  is  very  slow  in  the  non-fatal  cases.  There  are  cases  which 
•^m  to  occupy  an  intermediate  position  between  the  hyperthermic  and 
*  *  ttie  typhoid  cases ;  in  these  mild  fever  of  an  intermittent  or  remittent 
**  ■      'oftn  complicates  and  delays  recovery. 

11.  In  these  febrile  states  eruptions  sometimes  make  their  appearance. 
^  7^e  more  common  are  urticaria  and  erythema  :  the  latter  may  be  bright 
-  ^  *ti  colour  and  widely  diffused.  Roseola,  maculae,  and  bullie  have  been 
^■^  J  ^€8cribed.  The  eruption  in  such  cases  may  perhaps  be  considered  a  sort 
"*-■      of  exanthem. 

12.  Suppression  of  urine,  and  the  consequent  ura*mm,  constitute  the 
Duost  important  and  anxious  feature  of  an  abnormal  reaction.     The  re- 

"  " ;  ^pearance  of  urine  is  sometimes  delayed  for  many  hours  or  even  days 
^^,  '^thout  serious  results ;  but  such  a  (ielay  is  always  a  cause  of  anxiety, 
^''^  ,  ^nd  in  most  cases  of  prolonged  suppression  cerebral  symptoms  attest  the 
*^tention  of  waste  matters  in  the  blood.  Stupor  with  restlessness, 
Tajcfs;  muttering  delirium,  spasmodic  contraction  of  muscles,  bloodshot  eyes, 
ry^  -•  '^  contracted  pupils,  dry  lips  and  tongue,  sordes,  vomiting,  slow  pulse  are 
^:c::r".  ™  cbief  symptoms ;  the  patient  often  relapsing  into  fatal  coma.  The 
id.  i^-i    "^'^els  may  remain  relaxed ;  this  is  favourable  and  should  not  be  checked. 
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Vomiting  of  grass -green  mateiial  has  been  noted  in  this  state  Tk 
secretion  or  discharge  of  bile  may  be  suspended,  and  this  adds  to  the 
gravity  of  the  case.  Chevers  has  described  this  dual  suppressioii  » 
cholo-uncmia.  On  the  re -establishment  of  the  urinary  excretion  the 
alarming  symptoms  may  subside,  and  convalescence  proceed. 

Sequels. — A  number  of  untoward  events  may  arise  during  the  stage 
of  convalescence ;  they  may  be  classified  as  follows : — 

1.  Functional. — Under  this  liead  are  included  aiisemiay  debility, 
nervous  depression,  jaundice  (a  rare  but  dangerous  complication),  gaitrit 
irritability,  persistent  hiccup,  insomnia,  dementia,  paraplegia, 
in'egularity  of  bowels  and  chronic  dian'hoea.  In  pregnant 
abortion  is  almost  invariable  ;  the  child  dies  during  the  algid  stage  ad 
is  sooner  or  later  expelled.  Signs  of  cholera  are  often  found  in  the  fwtv 
(Wall). 

2.  Infiamiiiatorfi, — (Edema  of  the  lungs,  bronchitis,  pneumonia,  and 
pleurisy  are  not  unfrequently  met  with,  especially  in  conjunction  witk 
suppression  of  urine.  Meningitis,  conjunctivitis,  arthritis,  and  porottt 
have  also  been  describi'd.  The  parotid  inflammation  sometimes  endf  ■ 
abscess.  Dysentery  is  an  occasional  complication  of  convalescence,  I* 
it  is  mild  and  amenable  to  treatment.  Dropsy  has  been  described  ai  a 
result  of  consecutive  nephritis. 

Dcstruciire. — Ulceration  of  the  cornea  is  not  uncommon.  Beckw 
sometimes  form  in  cases  of  low  typhoid  character  and  of  uremia,  if  i^ 
nui-sing  be  defective.  Gangrene  of  the  nose,  ears,  penis,  and  scrotoii 
more  rare!}'  of  the  fingers  and  toes,  are  also  met  with,  especially  aaoB^ 
natives  of  India.  The  dead  parts,  if  limited,  may  be  separated  sndcirt 
off,  but  extensive  gangrene  is  generally  fatal. 

Diagnosis. — The  maladies  which  most  closely  resemble  choleiaii* 
ptomaine  poisoning  ;  mushroom  poisoning  ;  certain  varieties  of  diairltf*' 
and  some  rare  malarial  fevers,  with  intestinal  complications  and  a  ^ 
found  and  i)rolonged  algid  stage.  The  identification  of  Asiatic  clwl** 
turns  upon  cliniciil,  epidemic,  and  bacteriological  considerations.  ** 
clinical  features  which  mark  an  ordinary  case  of  cholera  are :  the  copio* 
painless  jKissage  of  watery  motions,  devoid  of  bile  colouring,  reseoiW 
rice  water  and  exhaling  a  characteristic  odour;  the  profound  nausea*** 
frequent  vomiting  of  watery  material ;  the  suppression  of  urine;  ^ 
muscular  cramps  ;  the  cyanosis  and  shrinking  of  skin  ;  the  cold  breath** 
whispering  husky  voice  ;  the  dyspnoea  and  restlessness ;  the  proatraD* 
torjjor,  and  failing  ])ulse  ;  the  cold  sweats  and  depression  of  the  ff^ 
teni[)eraturc,  with  a,  tendency  to  rise  of  internal  temperature.  **? 
constitute  a  group  of  symptoms  which  may  be  imitated,  but  are  seUfl*' 
ever  identic;il  with  thosi-  of  any  other  flux.  If  cholera  is  knots  •• 
prevail  in  the  locality  or  neighbourhood,  or  circumstances  permittifl?r 
favouring  importation  exist,  suspicion  naturally  attaches  to  all  ^ 
complaints,  even  if  they  do  not  present  the  extreme  form  just  pK*^'*' 
Similarly,  cases  of  diarrhea,  however  mild,  arising  in  the  miJa^  f* 
t'V>idemic  of  cholera  are  viewed  with  apprehension.     If  numerous  setf""^ 


"Cur  in  groupx,  and  the  morUlity  equals  or  exceeds  51)  [ler  uuoi,  the 
I'it'nUfication  is  i-endered  more  easy  and  certain.  Cases  of  |itomaine  and 
miiscarine  poisoning,  which  most  reBembU  cholera,  generally  iicviir  singly, 
or  ill  Btnall  groups,  and  usnally  follow  the  eating  of  fish,  shellfish,  tinned 
provisions,  or  mnshrooms ;  fragraonta  of  mushroom  may  lie  found  in  the 
slools.  The  association  with  provalent  malarial  fever,  the  absunce  of 
epitlemic  cholera  in  the  place  or  vicinity,  the  jjeiiodicity,  the  better 
marked  febrile  stage,  the  lower  mortality,  and  the  anienaliility  to  quinine, 
serve  to  distinguish  the  cases  of  malarial  fever  which,  in  the  ulgid  stage, 
may  assume  a  choleraic  character  (t>uU  p.  260).  Th«  snppreasion  of  bile 
and  nriue,  the  cyanosis,  cramps,  collapse  and  cold,  and  ihe  high  mortality 
are  the  chief  circnmslances  which  distin^iish  cholera  from  other  riiarrhiuis. 
The  bacteriological  conditions  are  also  important.  The  detection  of 
Koch's  viljriri  in  the  evacuations  constitutes,  according  to  our  present 
knowleijge,  a  means  of  separating  cholera  from  every  other  disetuia 
TbH  odgative,  however,  is  not  true.  In  it  certain,  though  small,  pro- 
poi'tion  of  eases  the  vibrio  cannot  be  fotuid.  The  application  of  the 
serum  test  may  be  resorted  to  in  doubtful  cases ;  but  is  seldom  necessary. 
(Fi/JV-  p.  4.'>7.) 

Pro8rnosls.^The  death-rat^  of  cholera  varies  with  the  character  of  the 
(■pidemio  and  the  peiiod  of  the  outbreak.  Fifty  per  cent  may  be  accepted 
as  an  average  death-rate,  but  it  is  often  exceeded  in  a|jecially  severe 
outbreaks,  and  in  the  early  stage  of  any  outbreak.  The  very  young  and 
Tory  old  succumb  more  readily  than  the  middle-aged  ;  sucklings  are 
seldom  attacked.  Women  are  rather  less  frequently  seized  tlian  men  ; 
pregnancy  is  a  dangerous  complication.  Organic  disease  of  the  kidnejm 
is  a  sjiecially  unfavourable  condition,  and  organic  disease  of  the  liver 
almost  equally  so.  Drunkards  are  bad  subjects ;  so  are  pci'sons  of  feeble 
and  damaged  constitution  ;  ill-health,  hawe^'e^  caused,  is  an  unfavourable 
introduction  to  the  choleraic  stniggle.  During  the  prioress  of  a  case 
itgna  of  good  or  evil  omen  arc  observable  at  every  step. 

Eifil  «[7iM,  in  the  order  of  the  stages,  are — sudden  seieure,  early  pros- 
U-Htion,  early  stupor,  quick  advent  of  collapse,  restlessness,  and  fighting 
for  breath,  failing  pulse,  great  depression  of  temperature,  prolonged  cold 
stage,  hyperpyrexia,  severe  abrlominal  pain,  blood  in  vomit  and  stools, 
persistent  sujipressiou  of  bile  and  urine,  permanent  muscular  contractions, 
jaundice,  lung  com  plications,  recurrent  purging  and  \'omiting,  delayed 
reatoration  of  hixly  heat,  "typhoid  "  symptoms,  and  indications  of  nripmia  or 
cholouraemia,  insomnia,  and  delirium. 

tloird  signs  are  —  maintenance  of  pulse  during  collapse,  moderate 
depression  of  temperature,  early  and  not  excessive  reaction,  return  of 
colour  in  the  motions,  cessation  of  cramps,  reatoration  of  urinary  excretion, 
resumption  of  warmth  and  dryness  of  skin  and  normal  colour  and  plump- 
>  of  face,  quiet  breathing,  tranquillity,  sleep. 

1  violence  of  vomiting  luid  purging  in  the  early  stages  are  not 
ily  indicative  of  a  severe  seizure,  but  their  persistence  is  apt  to 
n  delayed  convalescence  or  fatal  exhaustion. 
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Treatment. — Sinise  aboui  one-half  of  those  tLttickcd  wiih  cbolen 
recover,  with  or  without  treatment,  it  is  clear  that  pracesaea  ant^oniHic 
to  the  poison  and  curative  of  its  effecte  arise  within  the  organism,  ud 
are  effective  in  that  proportion  of  cases.  What  the  precise  nature  iit 
tliese  procesacB  may  be  it  is  impossible,  in  the  present  stal«  of  science,  lu 
at&rm.  Whether  the  poison  of  cholera  lose  ite  power  by  lapse  of  time, 
or  be  diluteti,  eliminated,  or  destroyed ;  or  whether  there  be  fonaed  in 
the  tissues  or  blood  or  intestinal  tube  some  antagonistic  principle — in 
alexin  or  antitoxin — we  know  not :  in  our  ignorance  of  the  piroees  of 
natural  cure  it  is  impossible  to  formuUtc  a  rational  system  of  treatmem 
in  imitation  and  furtherance  thereof.  Two  principles  may,  however,  be 
confidently  stated,  namely,  (1)  that  it  is  obviously  irrational  and  ini 
proper  unduly  to  interfere  with  or  thwart  processes,  which,  thoufA 
apparently  morbid  and  injurious,  result,  as  a  matter  of  fact,  in  rosumtina 
to-health  in  a  moiety  of  seizures  ;  and  (3)  that,  in  estimating  the  valne  <i 
any  system  or  methrirl  of  cure,  the  law  of  natural  and  unaided  reooveri 
must  be  taken  into  account,  allowing  for  the  character  and  period  of  tlLt 
outbreak. 

PreifiUioii. — The  sanitary  measures  by  which  a  community  may  be 
protected  from  cholera,  by  which  its  entry  may  be  prevented,  ite  spravi 
controlled,  its  incidence  and  mortality  minimised,  are  indicated  bytk 
facts  and  considerations  adduced  in  the  sections  relating  to  the  histwy. 
etiology,  and  epidemiology  of  the  disease. 

Fersiriutl  prqihylaias,  however,  constitutes  an  important  il«m  of  ilw 
treatment  of  cholera  as  affecting  individuals.  Certain  circumstances  umI 
conditions  have  been  recognised  as  rendering  persons  specially  liaUe  » 
attack.  The  chief  of  these  are — bodily  fatigue,  mental  worry,  puiic. 
disorder  of  stomach  caused  by  consumption  of  raw  fruits  and  vegeulil» 
(melons,  cucumbers,  and  the  like  have  lieeii  specijilly  blamed),  decompot^ 
ing  animal  food,  particularly  fish  and  shell-fish,  excessive  use  of  alcomJ. 
drinking  impure  water  or  milk,  the  use  of  purgative  medicines  especially 
salines,  exposure  to  cold,  and,  generally,  anything  tending  to  depress 
general  vigour  and  derange  health.  The  conduct  and  regimen  neccseuy 
to  avoid  these  risks  need  not  be  detailed. 

On  gj'ounds  of  reason  and  experience  the  moat  efficient  preventive  of 
cholera,  lioth  for  individuals  and  bodies  of  men,  is  avoidance  of  inf»«t«l 
localities,  or,  if  practicable,  removal  to  another  place,  higher  and  drier, 
where  the  disease  is  not  prevalent  New-comers  to  infected  places  ara 
specially  prone  to  attack.  Although  the  disease  does  not  appear  to  be 
often,  if  ever,  communicated  directly  from  person  to  person,  avoidance  cf 
association  with  the  sick  is  ;Ldvisable,  because  such  association  may  involve 
exposTire  to  the  morbific  conditions  surrounding  the  sick. 

Choraicnl  disinfection  of  excreta  and  discharges,  and  of  articles  whiib 
have  been  soiled  thereby,  is  obviously  advisable  ;  and  the  free  use  of  wirk 
agents  as  carbolic  and  sulphurous  acids  highly  commendable.  ProUc^ 
tion  against  attack  by  the  administration  of  drugs,  such  as  iguininc  aixl 
the  mineral  acids,  has  beeu  tried  without  satisfactory  results.     Thtt 


bbyWtic  and  perhupa  curative  use  of  ackis  iii  indicated  by  their  inhibitory 
~  ]  the  growth  and  multi plication  of  vibrios. 

Antiekoleraic  I'iKcination. — Various  attempts  have  be«n  made  to  render 
I  system  immune  to  choleraic  infection  by  the  injection  of  vaccins. 
1  most  widely  tried  is  the  method  devised  by  Haffkine.  He  gave  two 
lijections  of  a  weak  and  a  strong  vaccin,  with  an  interval  of  five  days 
^ttween ;  the  weak  vaccin  was  given  first  to  obviate  the  necrotic 
feet  of  the  strong  vaccin  at  the  point  of  injection.  Hotlkine,  however, 
e  used  virulent  cultures  for  the  first  injection  without  bad  effects. 
ixtensivo  inoculations  of  human  subjects  have  lieen  carried  out  by 
r  Hnfrkine  in  India.  Many  thousand  persons  have  been  vaccinated  witli- 
uut  accident  or  harm.  Evidence  has  been  gained  that  recent  inoculations 
are  protective  ;  the  incidence  of  the  disease  is  reduced,  but  not  the  case- 
luortality.  The  eiTect  of  these  injections  appears,  therefore,  to  be  aiiti- 
padcrobic  rather  than  antitoxic.  No  reliable  curaii/e  senim  has  as  yet 
»n  manufactured,  though  experiments  indicate  the  probability  of  such 
eventually  discovered  {tiide  Immune  Serums,  ]i.  455), 
iln/ieinal  Trratmeiil,  Nuridn(i,  and  IHrling. — The  drugs  and  com- 
Mnde  which  have  been  administered  empirically  in  cases  of  cholera  are 
It  is  safe  to  asseit  that  not  one  of  them  has  established  a  claim 
Klo  riirc  the  disease.  It  were  useless,  therefore,  to  catalogue  or  discuss 
f  thero.  Four  plans  of  treatment  stand  out  prominently  among  others  as 
'  ig  some  basis  of  reason,  and  offering  some  promise  of  success ; 
••"mely,  the  astringent,  the  eliroinative,  the  antiseptic,  and  the  stimulant. 
PIo  these  may  be  added  the  antispasmodic  and  the  counter -irritative. 
^*  astringent  plan  contemplates  the  choleraic  process  as  a  hypercathar- 
*">  and  its  danger  as  depletion  ;  rice-water  evacuations  being  regarded 
*  potentially  hemorrhage  (Chevers).  Astringents,  mineral  and  vegc- 
'*t>Ie,  in  combination  with  opium,  antispasmoilica,  and  stimulants,  have, 
'"  *»*cordance  with  this  view,  been  administered  by  mouth  and  rectum, 
'"  ihe  hoi>e  that  if  the  dangerous  flux  be  checked,  the  margin  of 
^"■<^»iperative  power  thus  saved  will  suffice  to  avert  fatal  exhaustion  and 
'**  i~esiore  health.  It  is  possible,  however,  that  the  results  thus  to  be 
I'^'Vonted  or  cut  short — the  tremendous  drain  of  serum,  corpuscles,  and 
"'^-s  from  the  veins  into  the  intestinal  tube,  the  revei^al  of  the  normal 
™*Tvnt«,  and  the  abeyance  of  absorption — may  have  a  salutary  piii-pose, 
*'"l  within  limita  a  curative  function  ;  it  is  doubtful  whether  the  check- 
'"K  of  these  discharges  is,  as  a  dominant  priticiple,  a  sound  basis  of  action, 
'^^ill  tbi'  principle  has  its  place  in  that  scht>me  of  treatment  which,  as  we 
"^h\\  presently  shew,  experience  has  sanctioneil. 

The  eliminative  plan,  on  the  other  hand,  Ifioks  ujKin  the  flux  as 
*''jii¥ant — as  a  means  of  conveying  the  cholera  poison  out  of  the  system 
~^iind  se«ks  to  aid  it  by  administering  purgatives.  But,  a]MLn  from  the 
^Qll-fstnbtished  fact  that  purgation  is  of  itself  exhausLiiig,  especially 
*'^  iti  the  early  stages  of  cholera  when  it  ought  to  be  most  effective  and 
"«ne1icia],  it  is  questionable  whether  it  is  wise  to  remove  materials 
"■nilicialiy  from    the   intestinal    tube— such,    perhaps,    as  leucocytes  or 
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their  alexins,  or  innocuous  bacteria — which  may  tend  to  neutralise  or 
destroy  the  poison  of  cholera.  As  a  matter  of  fact,  Sir  George  Johnsoni 
castor-oil  treatment  has  been  extensively  tried  and  found  wandog. 
Stimulation  of  the  kidneys  by  diuretics  has  also  been  tried  under  tlie 
guidance  of  this  hypothesis,  and  found  to  do  more  harm  than  good. 

The  antiseptic  plan  aims  at  neutralising  the  poison  in  the  intestinal 
tul)e,  or  setting  up  conditions  there  which  may  render  its  elabontioi 
impossible.  Acids  and  germicides  of  riiany  kinds  have  been  administered 
with  this  object ;  but  this  plan  may  simply  result  in  adding  poison  to 
}>oison,  or  irritant  to  irritant ;  in  hindering  a  process  of  salutary  deeon* 
position,  or  in  destroying  the  leucocytes  or  innocuous  organisms  and 
their  products  which  may  be  doing  good  work.  Practically,  the  pbii 
has  failed  to  cure  cholera. 

The  stimulant  or  restorative  plan  simply  endeavours  to  avert  deatk 
from  exhaustion,  and  to  sustain  the  flagging  vital  powers  in  circumBtanoe«<tf 
terrible  depression.  Alcohol,  ammonia,  strychnine,  and  ether  administerad 
by  mouth  or  rectum,  or  hypodermically,  are  the  favourite  remedies  d 
this  class,  supplemented  by  strong  soups  and  nutrient  enema&  Ereo 
tiiis  method  is  not  without  its  drawbacks.  Giistro-intestinal  irritatioB 
may  be  increased,  mischief  may  arise  during  the  reactive  stage,  or 
perhaps  undue  disturbance  of  the  collapse  stage  may  be  hurtful.  Tb« 
considerations  suggest  caution  in  the  use  of  stimulants. 

The  antispasmodic  plan  is  based  on  the  observation  that  the  nimciei 
of  the  intestines,  arterioles,  bile-ducts,  limbs,  and  trunk  are  thrown  bf 
the  action  of  the  poison  into  violent  contraction ;  pain  and  exhauitioa 
tending  to  de^ith  are  thus  caused.  The  clamping  of  the  pulinontrr 
arterioles,  impeding  the  circulation  and  banking  back  the  blood — hindfl" 
irig,  that  is,  its  aeration  in  the  lungs,  the  nutrition  of  the  brain,  tbe 
action  of  the  kidneys  and  skin,  and  promoting  flux — is  considered 
specially  perilous.  Warm  baths,  chloroform  inhalation,  sedative  vA 
antispasmodic  drugs,  nitrite  of  amyl  and  nitro -glycerin,  and  warn 
intravenous  injections,  have  been  given  to  relieve  spasm.  This  trw^ 
ment  has  proved  useful  as  a  means  of  relieving  some  symptoms. 

Tlie  use  of  counter-irritants  is  intended  to  remove  morbid  acwo 
from  within  to  the  surface,  where  it  may  be  less  hurtful  and  more  nnd* 
control.     Measures  of  this  kind  may  be  useful  as  auxiliaries. 

It  may  be  asserted  with  confldence  that  in  the  present  state  of  o*ff 
knowledge  no  single  principle  or  plau  of  treating  cholera  has  met  witk 
much  success.  It  is  possible,  nevertheless,  to  lay  down  certain  ruko « 
action  which,  as  experience  has  taught  us,  may  aid  the  patients  in  nndff- 
j;oing  the  terrible  struggle  for  life  which  the  choleraic  process  entA 
These  will  be  briefly  stated  as  they  apply  to  successive  stages  of  th 
<lisease. 

1.  Clieck  the  Preliminary  Diarrhaa. — All  authorities  are  agreed  »^ 
the  advantage  of  this  mcfisure,  which  promptly  cures  mild  cases  •■■ 
prevents  others  from  becoming  dangerous.  Combinations  of  opi* 
with   astringents  and  antis])asmodics  constitute  the  favourite  fonnnI» 
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y  may  be  given  in  pill  or  mixture.  The  *'  cholera  pill "  of 
ists  of  opium,  asafetida,  and  black  pepper.  Ooodeve  used 
lead  and  opium.  Chevers  preferred  vegetable  astringents, 
a  tinctures,  which  have  often  proved  so  serviceable,  are  generally 
li  laudaniun  or  liquor  opii  sedativus  with  catechu  or  kino,  com- 
cture  of  lavender  or  cardamoms,  and  spirit  of  chloroform. 
B,  with  or  without  brandy,  according  to  the  state  of  the 
an  admirable  remedy  of  similar  composition,  fulfillitig  the  same 
dose  and  frequency  of  repetition  must  depend  on  the  age  and 
df  the  })atient,  the  degree  of  irritability  of  the  stomach,  and 
of  the  remedy.  The  practitioner  must  exercise  a  careful 
1  and  judgment  on  these  points;  it  is  inexpedient  to  lay 
tise  rules  or  formulae.  If  the  stomach  be  very  irritable  a 
)ultice  or  chloroform  should  be  applied  to  the  epigastrium,  and 
ce  given  to  suck.  If  medicines  are  still  rejected  the  hypo- 
3ction  of  morphine  may  be  resorted  to.  It  must  be  clearly 
I  that  the  treatment  now  recommended  is  applicable  to  the 
|r  and  evacuatory  stages  only.  When  collapse  has  fairly  set 
.nd  astringents  must  be  stopped  ;  for  absorption  being  now  in 
hey  are  useless,  and  in  the  stage  of  reaction,  when  absorption 
in,  they  may  do  harm. 

iniaxn  Physical  and  Physiological  Best. — The  patient  must  be 
i  and  the  evacuations  received  in  a  bed-pan.  Fussy  changing 
and  bedding  must  be  avoided.  Violent  rubbing,  rough  lifting 
and  other  beds,  transfer  to  another  room  or  house,  and,  above 
ley  are  dangerous.  Medicines,  food,  and  stimulants  should  not 
n  an  irritable  stomach  ;  they  provoke  vomiting,  excite  irritation, 
se  exhaustion.  The  indication  is  to  refrain  from  anything  that 
3  the  wearing  effect  of  a  most  weakening  malady. 
lore  a  Failing  Circulation. — If  the  pulse  be  maintained  in  the 
le  less  done  the  better.  If  the  pulse  gradually  lose  volume  and 
1  become  feeble  and  thready,  a  mild  stimulant  should  be  given 
impagne  and  soda-water,  weak  brandy  and  water  (iced) — in 
Is,  or  ammonia  or  spirit  of  chloroform  well  diluted.  Should 
respond,  nothing  further  is  needed.  If,  however,  the  pulse 
perceptible  at  the  wrist,  and  hardly  perceptible  in  the  brachial 
il  trunks — if,  at  the  same  time,  cyanosis  and  dyspnoea  are  well 
ihe  condition  is  one  of  imminent  danger.  Hypodemiic  injec- 
ther,  or  cautious  doses  of  nitrite  of  amyl  or  niti*o-glycerin, 
ip  by  champagne  or  brandy,  may  restore  the  pulse ;  but 
fects  this  so  speedily  and  surely  as  the  intravenous  injection 
aline  solutions.  Sixty  grains  of  sodium  chloride  and  30  of 
'bonate  are  dissolved  in  one  litre  (about  35  ounces)  of  distilled 
he  fluid  should  be  sterilised  by  boiling,  and  injected  slowly  at 
au*e  of  about  98*4°  F.,  with  strict  antiseptic  precautions,  into 
veins  of  the  arm,  or  into  the  subcutaneous  tissues.  A  reservoir 
five  or  six  litres  should  be  kept  ready  and  placed  on  a  stand 
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aboiil  four  feet  above  the  level  of  the  puLient's  head.  The  iojectioii 
flown  by  gravitation  through  a  flexible  tube,  by  pressure  on  whicb  tk 
rate  of  Sow  is  regulated.  The  rate  of  entry  should  be  slow,  t 
litre  in  twelve  minutes.  The  amount  injected  will  depend  on  the  cffed , 
one  to  three  litrea  may  be  required  in  different  cusefi  to  restore  the  |ialM 
(Wall).  In  most  caeee  the  fluid  leaves  the  blood-vessels  aiid  passes  iiiUllu 
intestinal  tube,  and  the  symptoms  of  collapse  recur.  They  may  n 
theleas  be  removed  again  and  again  by  a  repetition  of  the  injection,  inil 
in  some  cases  a  permanent  cure  results.  Kxperience  has,  however,  ihivii 
that  the  proportion  of  recoverice  has  not  been  materially  increased  tiytke 
use  of  saline  injections.  Stilt,  distress  is  for  the  time  relieved,  life  ii 
undoubtedly  prolonged,  some  cases  seem  to  be  saved ;  and  iu  the  face  of 
impending  death  anything  that  offers  the  faintest  hope  of  rescue  is  ji»ti- 
fiable.  I)r.  Cox  of  Shanghai  has-practised  and  advocated  the  continilout, 
slow  intravenous  injection  of  saline  solution.  The  injectioi 
gravitation  from  a  vessel  raised  about  tno  and  a  half  feet,  and  maintiUDal 
until  the  symptomsof  collapse  have  finally  disappeared, and  reaction  huf  btn 
established.  Intravenous  injection  of  milk  and  transfusion  of  blood  iw'( 
been  tried  without  much  benefit,  if  any.  It  has  been  sought  to  rratm 
fluid  to  the  blood  by  injecting  saline  fluids  and  plain  water  into  tb 
cellular  tissue,  peritoneum,  bladder,  and  rectum.  No  harm  has  recnlud 
from  such  procedures,  and  little  if  any  good.  The  fluid  is  nadiif 
absorbed,  but  as  readily  passes  away  thrnugh  the  intestines.  Il  >■ 
possible  that  these  artificial  means  of  restoring  water  and  aalt«  to  Ut 
blood  simply  keep  the  cxosmotic  current  flowing,  which  might  othonri* 
eejiae  or  be  reverse*!  through  the  altered  specific  gravity  of  the  blwd 
It  has  also  been  sought  to  remedy  stagnation  of  the  circulation  hy  T^ 
warm  bath  and  mild  rubbing  of  the  limbs.  These  measures  should  t> 
applied  with  the  utmost  gentleness.  Rubbing  with  dry  powdered  ging* 
is  a  routine  pi-actice  in  India  ;  clamminess  and  moisture  of  skill  are  lio 
removed,  and  mild  stimulation  of  the  cutaneous  vessels  and  imttw 
attained.  The  practice,  if  cautiously  followed,  does  no  harm,  anil  pr^ 
ably  does  some  good. 

4,  Cojis-rm  Ihe  Ilotlr/  Hrat. — The  great  depression  of  surface  temped 
lure  which  takes  place  in  the  collapse  stage  of  cholci'a  is  no  doubt  dne  U 
many  causes — amongst  them  the  direct  effect  of  the  poison  on  the  Wt^ 
centres,  the  disturbance  of  circidation,  and  the  loss  of  fluids  ftwn  ti* 
intestinal  and  cutaneous  surfaces.  It  is  probably  more  a  sign  tlun  * 
cause  of  exhaustion.  Still,  it  seems  desirable  to  prevent  the  escapr  ^ 
the  bodily  heat.  The  temperatm-e  of  the  room  should  not  be  allJw'^ 
to  fall  below  70°  F.,  and  the  air  in  the  immediate  vicinity  of  (t* 
patient  sfaoulil  be  warmed  by  a  few  hot  bricks  or  bottles :  this  ia  baW 
than  loading  him  with  bedding.  Ventilation  should  be  free,  biit  dnO^O 
avoitled ;  in  hot  climates  the  punkah  should  be  gently  pulled,  IV 
surface  should  be  kept  as  dry  as  possible,  and  gentle  wiping  with  il'' 
cloths  or  nibbing  with  dry  ginger  powder  resorted  to.  The  wann  W 
also  tends  to  restore  the  surface  t«mperatum 
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Allny  Thirst. — The  craving  for  fluids  in  choleiu  is  astonishing, 
Light  to  be  gratified;  but  large  draughts  excite  violent  vomiting 
>  lead  to  exhaustion.  Giving  lumps  of  ice  to  suck  is  perhaps  the 
lethod  of  quenching  thirst ;  still,  small  quantities  of  iced  soda-water, 
hampagne  and  soda,  barley  or  arrowroot  water,  milk  and  soda,  or 
onfuls  of  cold  jelly  or  clear  soup  may  be  administered  at  short 
als.  The  injection  of  fluids  into  cavities  and  tissues  tends  indirectly 
111  the  same  indication. 

Bdieve  IHdress  and  Pain. — The  cramps  undoubtedly  constitute  the 
painful  symptom  of  cholera,  and  it  is  not  easy  to  relieve  them, 
bly  the  opiates  administered  in  the  early  stages  exercise  an 
3sic  effect.  Hot  applications,  the  warm  bath,  gentle  frictions  with 
ne  liniments,  or  even  moderate  counter-irritation  with  chloroform, 
ntine,  or  mustard,  may  be  tried  ;  but  nothing  relieves  cramps  so 
as  moderate  and  intermittent  chloroform  inhalation.  Camphor 
Ben  recommended  internally,  externally,  and  hypodermically.  For 
ivere  abdominal  pains  which  are  sometimes  met  with,  hot  applica- 
and  counter-irritation  with  chloroform  or  mustard  give  relief.  In 
stages  a  moderate  dose  of  liquid  extract  of  opium  may  be  injected 
;he  seat  of  pain.  The  relief  of  general  distress  is  best  accomplished 
urm  baths  and  intravenous  injections,  but  these  must  be  used  with 
»n  and  judgment  Sir  Lauder  Brunton  has  recommended  the 
lermic  injection  of  atropine  in  cholera,  but  rather  on  the  ground 
(  known  antagonism  to  muscarine,  which  causes  symptoms  closely 
bling  cholera,  than  on  account  of  its  ano<lyne  properties.  Sufli- 
trial  has  not  as  yet  been  made  of  the  drug  to  warrant  its  confident 
mend<ition. 

Check  Persistent  Diarrhoea.-  -Persistent  or  recurrent  purging,  caus- 
[haustion  and  delaying  recovery,  sometimes  occurs  in  the  stage  of 
an.     Vegetable  astringents  or  mineral  acids  may  be  given  in  small 

well  diluted,  but  the  large,  warm,  astringent  rectal  injections 
mended  by  Catani  are  more  efficient.  Twenty  grammes  (308 
)  of  tannic  acid  and  as  much  gum-arabic  are  dissolved  in  one  litre 
,ter.  The  injection  is  made  very  slowly  by  gravitation  to  such 
It  as  the  patient  can  comfortably  bear.  Blood  heat  is  the  best 
rature,  and  the  material  should  be  retained  as  long  as  possible  (Wall). 

Check  IrritabUiiy  of  Stomach. — This  may  be  manifested  as  obstinate 
ing  or  incessant  hiccup ;  or  signs  of  severe  gastritis,  induced 
pB  by  injudicious  administration  of  food  and  stimulants,  may  be 
itw  There  is  no  special  cure  for  this  condition,  which  is  to  be 
d  on  ordinary  pnnciples. 

.  Reduce  Excessive  Temperature. — It  is  extremely  ditiicult  to  fulfil 
indication ;  and  this  is  the  more  to  be  regretted  inasmuch  as  the 
rpyretic  form  of  cholera  is  very  fa  till.  Ice  sucking  and  the  slow 
tion  of  bulky  cold  enemas  may  be  tried  ;  antipyretics  should  be 
W.  Tepid  baths  gradually  cooled  may  be  resorted  to,  but  great 
ion  is  necessary  in  any  such  adventures. 
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10.  Restore  the  Secret hn  of  Bile  and  Unne, — As  regards  the  bile,  vat 
little  if  anything  can  be  done  to  promote  its  secretion  or  evicaitioB; 
in  most  cases,  fortunately,  nothing  need  be  done.  Usually,  when  tb 
cold  stage  has  passed  and  spasmodic  closure  of  the  ducts  is  relaxed,  tb 
dow  is  resumed.  Sometimes  the  outpouring  of  the  imprisoDed  Uei 
excessive  and  gives  rise  to  bilious  vomiting.  In  those  cases  in  whicktb 
function  of  the  liver  has  been  so  much  impaired  that  a  watery  DUtaiil 
is  }X)ured  into  the  ducts  instead  of  bile,  no  means  have  been  disocmnl 
of  correcting  the  condition.  Calomel  hus  been  given  in  large  ami  ai 
doses,  with  the  intention  of  stimulating  the  secretion  and  dischaigBrf 
bile.  Large  doses  arc  undoubtedly  injurious,  and  small  doses,  era 
when  combined  with  soda,  are  of  very  doubtiul  value. 

The  restoration  of  the  urinary  excretion  is  a  more  important  object; 
its  prolonged  suppression  is  fatal.  Dry  cupping,  hot  fomentationi  td 
poultices  may  be  applied  in  cases  of  delayed  return ;  and  vitff. 
milk  and  water,  barley  water,  freely  given.  Diuretics  should  k 
avoided.  When  head  symptoms  are  severe  and  the  bowels  oonfiNi 
mild  enemas,  or  even  a  little  castor-oil  emulsion,  may  be  given;  b^ 
great  caution  is  necessary  in  the  use  of  such  measures.  The  blidiiff 
should  be  examined  by  catheter  occasionally  if  necessary. 

Special  symptoms^  complicatums,  and  sequels  are  treated  acoordiDg  ti 
the  appropriate  methods,  always*  bearing  in  mind  the  great  strain  H 
which  the  system  has  been  subjected  by  the  choleraic  process,  tk 
special  danger  of  re-exciting  gastro-intestinal  irritation,  or  of  patdoj 
additional  stress  on  the  damaged  liver  and  kidneys,  on  the  restoratioD  t' 
which  to  healthy  function  life  so  greatly  depends. 

In  most  cases  of  recovery  from  cholera  health  and  strength  m 
rapidly  regained,  and  the  })atient  in  a  few  days  seems  none  the  wom 
for  his  attack.  In  some  cases  anaemia,  emaciation,  debility,  denngn 
stomach  and  bowels,  and  general  enfeeblement  and  bad  health  of  s 
persistent  and  intractiible  description,  ensue.  Change  of  air  is  theW 
means  of  combating  this  state.  Tonics  and  careful  dieting  and  regia^ 
are  also  necessary. 

The  dieting  of  cholera  subjects  is  a  difficult  task.  The  aimple* 
possible  liquid  food  should  l)e  given  in  small  quantities  during  tbi 
attack,  liiul  ordinary  food  be  very  gradually  resumed  during  codtJ* 
cence.  It  is  needless  to  catalogue  here  the  articles  of  diet  which  wfj 
be  administered.  These  directions  must  be  left  to  the  discretion  of  "■ 
practitioner,  but  fatal  relapses  have  not  infrequently  been  camedV 
injudicious  dieting.  Finally,  it  may  be  asserted  with  confidenoe  tU 
although  no  "cure"  of  cholera  htis  as  yet  been  discovered,  esw' 
attention  to  the  state  of  the  patient,  with  a  view  to  the  fulfilmeok  of  * 
needs  which  I  have  indicated  above,  will  relieve  much  suffering  intl** 
many  lives.  Kknnkth  UacijU^ 

The  following  works  may  be  consulted  with  advantage  as  r^garda  tbe  >tf^V 
cholera  presentod  in  the  foregoing  article  : — 1.  Jameson,  J.     Bfjtort  (m  ^^^ff^  I 
Cholera  Morbus  as  it  visit ed  the  TrrriJorirs  snhjrrt  to  the  Prt-Hdemey  of  BtM^  * 
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I'mti  litI7-1818-181t»-  ltr«wn  u(>  by  oidcr  of  ibe  aoveranient  under  the  su[vrititand 
twar  ihu  Mcdiod  Boiint,  Olcutta.  Printed  at  the  (jovenitiient  Gaictte  PrcsK.— 
Z  ASNKal.RV,  J.  Sketdui  0/  tkt  moil  PremUnl  Diiaius  of  ladia,  tmnpriling  a 
Tmiiiiimth>^£jiidan.ic  Chelrra  o/lht&ul.  Svo.  LondoD,  182fi.— 3.  MArPHKBBON, 
J.  CUtra  in  iU  Hom€,  >rM  n  SMeh  ,>/  tht.  Pallwh,,:  'uul  TrruUMnt  of  the 
Ihnan.  Svo.  Londun,  18««.  Aanals  0/ CHaltr'i  fv..  ■■.  i:., •::■■./  F,  •  l.-h  to  tht 
P'mf  ISI7.      Svo.      London,    187'2. — ».   Mai'Namara,   c     '■  ^f  Atial-U 

(MrriL     ><vo.      London.    1870  and    ISTC.     Alto  nnl ■■..'inunry   of 

Ktiiaiu  wirl  Datidaon's  Ilygitim   and  IHwuti   of    Jl  .  '  1'abkhb, 

K.i.    lUifirfkei into  tht  Pathology  and  Trraimttit  01  (/,•     :<■  ■' .(   ...'c  Chtlrra. 

sni,  London,  1847.  A\MiBriliiiltnuii  FortigH  tftdieo-Chirunjica/ Jlevt.  w.  1848,1.336; 
iMtdam  Journal  of  MidieiKt,  Febrnuy  18411,  on  the  "Intsetinal  iJiwharges  of  Cholera," 
udagmnraDaarticlM  jnChe  Raportsorthx  Aruiy  MedicalDepartmeut.— fl.  GuonKVK, 
E.  "  Ei-idcRiic  Cholera,"  ill  Keynalds'B.%*f«»i[>/Jf«f>n*iu^— 7.  ScBJIitir.  C.  Beitrag 
--vlArt  run  dtr  Cholera.  8vn.  Wllrlbur);,  1837.  Charakteriiiik  iter  ejiidemUektH 
i^olmif/tgmiilberMTteaiultfn  T^itimdatioiu-Anofiwlien,  Leijnig  nnd  HitAii,  1S50. — 
S.  HuKiLAy.  J.  Ji^oH  on  the  Trml-'ient  1^  Epidemic  Ckolrm.  CaloulU,  18e».- 
*■   Uiwia,T.,  and  Ct'tiKiKdUAU,  D.  D.     Niuncroui  papers  on  th«  MiuroK-o]^  and 

I Ptlhotogy  of  (^lioleni  appended  to  the  Heporls  of  tht  HanUarg  Cummiaaioner  irSA  (A« 

I^B  U'-wnutrar  of  lodin  tenet  1870.-10.  ItlKRKAaKI.  }>t«tK)\e  mtd.  H'mJttntekT. 
^^H  l<<pag,  tSSG,  p.  7SS.~11.  KciCB  and  (ixtriLr.  Report  of  ihe  Urrvum* Cholera 
^^M  mnu««   of  1R83-18S4.      Also  niuuerouH    papers    by   Kncli    in    OcmiBii   medical 

■  L' "      •-  ^ ■ 


1  P>'wli<'«li — 12.     Wall,  A.  ,1.     Atuilif  C/wlrm:  Hk  Hiitarg,  I-athnlwjy,  and  ilodi 
[  .""(tiuiK.    8ifo.     London.  1883.-18.  Cox,  ROBERT  H.    "The  TreatnU'Dt  of  Cholera 

Saline  Iinection,"  China  Intperial  MariUvu  ddfofu  Mtdiral  BtporU 

*ftia  v<ar«iu<i»9  31<t  March  1898.— A  more  extended  bibliography  will  liu  found  ii 


linKhi  iJandbook  of  Otoffntphieal  and  UiMorieal  Palhology,  vol.  i„  New  Sydenbani 
"    '""*     "  '  '"   "■  0  Jndtte  Oala/aguf  of  the  Librarv  ef  the  Sttrgeon-Senent''^  Offite, 
1882,  ind  'iai  series,  vol.  iiL,  1898. 
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I.— Bacillary  Dvskntkkv 

ByAMiKEW  Davihson,  M.D..  F.E.C.l'.Ed. 

Bseteriologj'  nnd  Pathology,  by  Simon  Flexnbe,  M.D. 

SlUKYJIS.  —  Gr-  AwrcjTtpia  (^i'-«,  difficulty;  ivrtfiav,  tliu  bowel):  L«L 
Termma ;  Eng.  The  bloody  fiaj ;  Fr.  Dt/simierw,  7V«esw«- ;  It.  DU 
Kjtlerin,  Flwso ;  Span.  DiseidMu,  I'amaTm  de  Sampir :  Ltor.  Jiwhr  ; 
Swed.  HirdxoL 


'Boltion. — Dysentery  is  the  cliniail  expression  for  a  group  <>f  win- 
»^«tt¥e  or  inflammatory  diaeases  of  the  large  intestine,  ofutii  terminuting 
"^'  nt^rosis,  ulceration,  or  gangrene;  characterised  by  freijuent  mucous 
'**"  nerotia  stools,  mixed  with  blood,  atid  generally  aceompauied  by  more 
'**■  leas  Uirniina  and  tenesmue,  with  or  without  fever. 
I        Forms  of  the  Disease. — Recent  researches  justify  us  in  recognising 
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two  specific  forma  of  dysentery^the  bacterial  and  amofbic— difforin;  it 
CAUse,  course,  leaioiia,  Bymptoine,  and  complications,  as  wull  lu  in  their 
geographical  range  and  mode  of  spread.  Symptoms,  cliaically  indii- 
binguiBhable  from  specific  bacterial  dysentery,  also  arise  from  chiU, 
dietetic  errors,  and  mechanical,  toxic,  or  parasitic  irritAnis.  CuckJ 
this  kind  may  be  distinguished  as  pseudo-dysentery.  Amfehic  dysentti; 
is  described  on  p.  527. 

Epidemic  Hanifestations. — -Dysentery  occurs  as  an  epidemic;  eiulenic 
and  sporatlic  disease.  Epidemics  of  dysentery  may  be  divided  into  majot. 
minor,  and  institutional,  according  to  their  extent  of  diffusion.  Mijnr 
or  general  epidemics  occur  only  at  considerable  intervals,  and  bit 
three  or  four  years,  or  longer,  during  which  time  they  invade  n 
corresponding,  say,  to  the  half  of  Europe.  They  make  their  ap[iatnfi« 
almost  simultaneously  in  widely  separated  localities,  which  are  u[t« 
marshy.  From  these  primary  centres  the  infection  extends  to  neighbour- 
ing vilTages  and  towns,  then  to  more  distant  places  ;  but  in  such  a  maniM' 
that  it  passes  over  certain  localities  to  attack  others  more  remote,  comii; 
back  Uter  upon  some  of  those  spared  at  first,  shewing  that  local  eut- 
ditiona  count  for  something  in  its  ditfusion.  The  disease  dies  out  i> 
winter,  but  reappears  in  the  succeeding  summers,  and  extends  to  connuid 
which  escaped  during  the  first  years  of  the  outbreak.  Those  geoent 
epidemics  almost  invariably  begin  in  years  of  exceptional  heM  ad 
drought,  but  thoy  may  persist  and  spread  after  the  character  of  lb 
seasons  which  started  them  have  changed.  As  examples  of  this  Mni 
we  may  mention  the  great  Eurojjean  epidemics  of  1538-40,  of  lTU-1), 
of  1779-83,  and  of  1834-36.  These  major  epidemics  are  not  to  b«  o» 
founded  with  the  widespread  outbreaks  of  dysentery  following  «i  w" 
and  famine,  to  which  we  shall  presently  advert.  Apart  from  limine.  1 
have  met  with  no  accounts  of  major  epidemics  of  dyseutery  in  tivpifll 
countries.  Minor  or  local  epidemics  are  of  frequent  occurrence  in  nH:* 
countries  of  Europe,  but  have  been  almost  unknown  in  the  British  I'Ia 
except  as  asylum  outbreaks,  for  more  than  half  a  century.  In  1901* 
small  outbreak  occurred  at  Aldershot,  believed  to  have  been  intrwiiwJ 
from  South  Africa;  there  were  I  TO  cases  and  38  deaths  in  a  popuw 
tion  of  31,000.  Scarcely  a  year  passes  without  epidemics  of  this  kii>J 
being  reported  fi-om  Fitince,  Germany,  Austria,  Italy,  and  Kussta,  m' 
they  are  also  met  with  in  tropical  and  subtropical  countries.  Tbsy  ^ 
generally  limited  to  areits  corresponding  to  two  or  three  town^px* 
parishes,  to  one  or  two  hamlets,  and  occasionally  even  to  isolated  boa* 
In  certain  years  the  number  of  these  local  outbreaks  occurring  in  dttTenet 
[Arts  of  a  country  are  so  considerable  as  to  approach  the  dimension*" 
a  general  epidemic,  and  when  this  is  the  case,  the  same  metenrotogi* 
conditions  which  determine  the  latter,  viz.  heat  and  drought,  are  genenllf 
in  operation. 

Institutional  epidemics — caused  in  most  cases,  as  are  the  other  fonCi 
by  the  specific  bacillus — are  confined  to  bodies  of  people  living  under  tw 
same  conditions,  as  in  barracks,  camps,  asylums,  and  jails.     Their  nod* 
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spread  are  not  always  the  same.  The  asylum  dysentery  of  England 
s  not  appear,  from  Dr.  GemmeFs  statistics,  to  be  a  seasonal  disease ; 
sreas  the  dysentery  of  barracks  and  camps  is  generally  most  prevalent 
if  not  restricted  to,  summer  and  autumn. 

Endemic  dysentery  is  met  with  in  warm  climates  only,  where  it 
urs  throughout  the  year  in  certain  localities  with  more  or  less  marked 
Bonal  variations  in  frequency.  No  connexion  between  the  cases  can 
ally  be  traced,  and  it  is  exceptional  for  several  members  of  a  house- 
d  to  be  attacked  in  succession. 

Sporadic  dysentery  occurs  in  strictly  isolated  cases,  in  places  and 
es  where  the  epidemic  or  endemic  forms  are  rare  or  unknown.  This 
n  is  of  special  interest  as  bearing  on  the  existence  of  the  bacillus  in 

surroundings  of  man.  A  case  occurring  in  England  with  B.  dyseniena' 
the  stools  has  recently  been  described  by  Dr.  Saundby. 
Circumstances  Influencing:  the  Prevalence  of  Dysentery. — Latitudinal 
^' Altitudimd  factors. — Dysentery  is,  in  the  fullest  sense  of  the  word, 
ibiquitous  disease,  being  met  with  in  every  inhabited  region  of  the 
be  from  the  equator  to  the  arctic  circle.  In  a  general  wa}^  it  increases 
frequency  as  we  approach  the  equator.  Dysentery  is  nearly  three 
es  more  fatal  in  the  south  than  in  the  north  of  France.  In  the  four 
thern  departments  of  Italy  the  dysentery  death-rate  is  0*7,  and  in  the 
r  southern  departments  it  stands  as  high  as  5*1  per  10,000  of  the 
tolation.  The  same  relation  to  latitude  comes  out  very  clearly  in  the 
ited  States.  While  in  the  North  Atlantic  Coast  region  the  ratio  of 
lission  for  dysentery  in  the  army  for  a  series  of  years  was  67*0,  on 
Atlantic  Coast  of  Florida  it  reached  1 7 1  '0  per  1 000,  and  the  same 
"ease,  though  less  regular,  is  observed  in  the  interior,  from  the  region 
the  lakes  southwards.  But  this  latitudinal  relation  is  not  uniform  in 
iperate  climates.  Sweden  has,  until  quite  recent  years,  beeQ  more 
>le  to  dysentery  than  many  countries  situated  much  further  to  the 
th ;  and  Ireland  might  also  be  quoted  as  another  exception,  although 
B  too  dysentery  has  been  gradually  dying  out  during  the  past  half 
tury. 
In  tropical  and  subtropical  countries  the  prevalence  of  dysentery  is 

regulated  by  latitude  than  in  temperate  climates.  In  the  Gaboon, 
example,  under  the  equator,  dysentery  is  less  frequent  than  in  Senegal, 
Ich  is  situated  1 3  degrees  north  ;  and  it  is  distinctly  less  prevalent  in 
16  parts  of  the  south  than  in  the  north  of  India.  In  warm  climates, 
are  the  temperature  at  all  seasons  of  the  year  is  sufficiently  high  to 
mit  the  free  growth  of  the  virus  in  the  surroundings  of  man,  the 
valence  of  the  disease  is  determined  less  by  temperature  than  by  other 
aatic  factors,  and  by  the  sanitary  and  social  circumstances  of  a  com- 
iiity. 

The  influence  of  altitude  on  the  prevalence  of  dysentery  is  perhaps 
re  marked  in  the  tropics  than  that  of  latitude.  Other  things  being 
aly  dysentery  decreases  as  altitude  increases.  The  following  figures 
d  the  admissions  per  1000  for  dysentery,  according  to  altitude,  in  the 
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European  army  of  India  for  the  years  1895-97.  Making  allowancf  fv 
the  <2n^eater  prevalence  of  amoebic  dysentery  at  lower  elevatioDi,  the 
genend  law  comos  out  cletirly  enough  : — 

|i«>1ow  10()  ft»Ht     UK)tu500    500  to  1500     ISOOtoSTiOO    3500  to  5000    5000  to  8000    WOOtolV*' 
41-9  ;32-5  2*5-3  28*6  187  18"»  3-8 

Siensfm  aiid  irmtlwr. — Dysentery,  to  use  Sydenham's  expniM 
belongs  to  the  '*  true  brood  ''  of  summer-autumn  diseases,  and  this  is  tm 
wherever  the  distinction  of  seasons  is  well  marked.  This  dependenctti 
season  is  most  evident  in  the  epidemic  dysentery  of  temperate  clioitt 
Hirsch  found  that  of  70o  epidemics,  528  occurred  in  summer,  or  i 
summer  and  autumn;  137  in  autumn,  or  in  autumn  and  winter;  Ui 
winter ;  and  25  in  spring,  or  in  spring  and  summer.  The  detenninf 
factor  here  is  indisputably  temperature,  although  other  elementCL 
doubt,  come  in  as  modifying  influences,  the  most  important  of  wbichi 
supposed  to  ]>e  the  diurnal  fluctuations  of  temperature,  which  set  id  li 
the  end  of  summer  and  are  most  marked  during  the  autumn  nontk 
In  most  parts  of  the  tropics  the  seasons  are  distinguished  into  dir  ib^ 
rainy,  rather  than  into  warm  and  cold.  The  alternating  periodi  ^ 
drought  aTid  rainfall,  the  eflectFi  of  which  are  visible  in  the  cbngitf 
aspects  of  the  vegetable  kingdom,  make  their  influence  felt  on  uivi 
life.  Hirsch  concludes  that  rainfall  htis  little  influence  on  the  preTsleMC 
of  dysentery.  It  would  be  more  correct  to  say  that  its  influence » 
variable  acconling  to  locality  and  circumstances.  The  rainfall  which  i 
one  locality  has  a  beneficial  eflect  by  clearing  the  soil  of  impurities,  ^ 
in  another  to  accumulation  of  organic  mattei*s,  forming  fed  of  >* 
fection  which  come  into  activity  as  the  rains  cease.  Equally  viriihlt 
are  the  effects  of  rainfall  on  the  water-supply.  In  one  locality  the  nil- 
fall  fills  the  t:inks  and  cisterns  with  pure  water  and  diminiahei  thi 
prevalence  of  dysentery  ;  in  another,  it  pro<luce8  the  opposite  efW  fcf 
washing  surface  impurities  into  wells.  Fearnside  found  the  numbfffli 
microbes  in  the  wells  of  the  Cannanore  central  jail  to  average  300  • 
400  per  cubic  centimetre  during  the  dry  season.  When  the  rainhep* 
in  June  the  number  rose  to  10,000,  and  increased  to  nearly  20,000* 
the  monsoon  advanced.  In  Cannanore,  with  its  excessive  rainfall,  dyi* 
tery  is  most  prevalent  during  the  rainy  sejison;  whereas  in  other  pu* 
of  the  country,  where  the  rainfall  is  scantier,  dysentery  prevails  dnriij 
the  winter  months.  In  German  New  Guinea  dysentery  is  most  com** 
in  the  cold  rainy  months.  Wherever,  in  short,  the  niinfall  leads  to  •• 
or  water  [dilution  it  increases  the  prevalence  of  dysentery  at  the  tii> 
when  this  pollution  is  most  marked.  Hence  the  torrential  rains  *hi 
accompany  cvclone\s  arc  so  fre<iuently  followed  by  a  marked  iiicreii* 
the  dvsentorv  death-rate,  as  was  notably  the  case  in  Porto  Rico  after"* 
hiirrirane  of  1891),  and  in  Jamaic^i  after  the  hurricane  of  August  190* 

The  following  rules  respecting  the  seasonal  prevalence  of  ApfX^f^ 
in   the  tropics  hold  good  generally,  but  admit  of  many  exception*.  ^^ 
Th(i   more  equable  a  climate   is,  the  more  uniformly  is  dysenterr 


DYSENTERY 


481 


Lribulcd  ower  the  different  seasons.  (2)  Wbere  a  distinct  rainy  season 
exiais,  dyg^ntfiry  is  generally  most  prevalent  when  the  moist  soil  is  begin- 
ning to  dry  lip.  (3)  A  high  temperature  succeeding  a  prolonged  dry 
season  does  not  give  rise  to  any  notable  increase  of  dysentery  nntil  the 
rmins  set  in.  Extreme  drought,  if  long-continued,  has  an  inhibitory  in- 
fluence on  dyserilery.  (4)  The  effecta  of  high  diurnal  ranges  of  tempera- 
ture are  most  marked  at  the  end  of  the  I'ainy  season,  when  the  body  is 
relaxed  by  the  summer  heat. 

The  following  table  gives  the  seasonal  distribution  of  100  cases  of 
dysentery  in  the  equable  climates  of  Martinique  and  Cayenne,  and  in 
Senegal  and  Bengal,  where  the  seasons  are  more  sharply  defined.  The 
figures,  nnfortiinately,  include  both  the  amwhic  and  bacillary  forma  of 
dysentery. 


HinlDlque. 

Cjwnne. 

BtLoul. 

(Nitl™SiiBy). 

JiiDtui7-Mtn:h 

28-40 

Ul-92 

18-34 

28-1 

April-Jaae 

25-15 

22-2.'. 

15-30 

13-7 

\  July-September      . 

24-20 

28-48 

28 -3» 

19-7 

lOotober-Decombw-. 

23-16 

27-33 

UT-Ui 

87 -aft 

Ueiaium  to  Si/U. — In  temperate  clinuites  dysentery  shews  a  predilec- 
"011  (or  moist,  marshy  districts.  It  is  thus,  to  use  the  words  of  Kelsch 
"'1(1  Kiener,  that  the  reporta  of  the  Academy  continually  notice  dysentery 
M  occurring  in  the  various  departments  of  Brittany,  tn  the  fluviol  districts 
'*'  the  Lower  Loire  and  its  affluents,  in  the  Iwisin  of  the  Somme,  on  the 
P'lteaux  of  the  Doubs  and  the  Vosges.  The  southern  part  of  Finist^re, 
'"l<i-et-\"ilaine,  some  districts  of  the  C6tes-dn-Nord,  and  above  all 
■'lorbihan,  have  acquired,  in  this  respect,  a  sad  notoriety.  Local 
'■p'demics  of  dysentery  often  result  from  the  cleaning  out  of  canals 
'""I  jionds,  when  the  mud  is  exposed  to  the  action  of  the  sun.  An  in- 
'U-hco  of  this  kind  occuri-ed  at  Leymen  {Haut-Hhin)  in  August  ISSO. 
"iKtti  the  cli^aning  out  of  a  vast  slimy  reservoir,  situated  in  the  midst  of 
llie  -village.  The  first  oaaea  declared  themselves  in  a  few  days  aft«r  the 
"pQsure  of  the  mud,  and  occurred  in  the  houses  nearest  to  the  reser- 
^**''".  The  disease  spread  afterwards  to  almost  every  house  in  the  village, 
7''"K  out  only  towards  the  end  of  October.  The  mud  in  this  and 
"tnilur  instAnces  was  no  doubt  fiecally  polluted  and  contained  the  virus 
"'  *]ysentery.  It  is  not  so  certain  whether  this  explanation  holds  good 
^^  those  outbreaks  (and  they  are  also  numerous)  which  have  started 
"'^iB  the  drying-up  margins  of  a  marsh.  Sodr6  states  that  in  the  latter 
P*rt  of  1863  dysentery  appeared  in  the  city  of  Eio  do  Janeiro  with  an 
^tdeniic  character,  spreading  throughout  the  city  and  suburbs,  and 
^^tending  to  the  neighbouring  states.  This  outbreak  coincided  with  the 
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great  excavations  made  in  all  the  streets  of  the  city  in  order  to  hy  ika 
net- work  of  sewage  pipes.  Here  soil-pollution  no  doubt  came  into  pUy. 
Fa3cal  pollution  of  soil  is  a  common  cause  of  dysentery.  It  has  bea 
the  experience  of  armies  from  the  earliest  times  that  dysentery  is  sore  to 
appear  when  a  camping-ground  has  been  occupied  long  enough  fortk 
soil  to  become  polluted.  Pringle  relates  that  when  the  English  araj 
removed  from  Hanau,  where  it  had  been  suffering  from  dysentery,  then 
was  such  a  remarkable  decline  in  the  disease  **  that  the  change  could  oolf 
be  imputed  to  the  leaving  behind  the  infectious  privies,  the  foul  stnw, 
and  the  filth  of  a  long  encampment."  The  gradual  increase  of  dysenttfj 
observed  in  camps  occupied  for  only  a  part  of  the  year  point-s  clearij  to 
progressive  soil  infection.  .  When  the  camp  at  Chalons,  for  example,  wm 
formed  in  1857,  diarrhwa  and  dysentery  were  almost  entirely  abeeirti 
but  increased  year  by  year  until,  in  18()4,  there  were  456  cases  of 
dysentery  and  G  deaths ;  and  it  is  remarkable  that,  although  the  actire 
period  for  the  manoeuvres  oi>ened  in  May,  dysentery  only  made  ia 
appearance  in  July,  and  continued  until  the  camp  broke  up  in  Sep- 
tember, shewing  that  a  certain  temperature  is  required  for  the  growth  d 
the  germ.  In  1890  dysentery  developed  almost  exclusively  in  a  fr<ictifli 
of  the  troops  assembled  at  Chalons,  and  it  was  found  that  these  occu{Hed 
exactly  the  same  ground  where  a  regiment  attacked  by  the  disease  hid 
encatuped  the  year  before  (Sodr^).  It  is  uncertain  how  long  a  polluted 
soil  may  retain  the  infection.  The  history  of  the  camp  at  Chalons  pomtt 
to  the  infection  clinging  to  the  soil  from  one  yejir  to  another. 

In  the  tropics  dysentery  appears  to  be  more  independent  of  moisture  <i 
the  soil  than  in  temperate  climates,  and  it  may  spread  in  very  dry  IcKalitiei. 
It  is  certiiinly  remarkable  to  find  that  in  1901  dysentery  gave  rise  to  78 
admissions  [)or  1000  among  the  native  troops  in  Aden,  with  it<  flu- 
scorchetl  rocks  and  burning  Siinds,  and  only  to  41*8  per  1000  amon^ 
those  stiitioned  in  Colombo  with  its  heavy  rainfall.  Apart,  howe^w, 
from  exceptional  instances  of  this  kind,  Maclean's  statement  that**in 
India  dysentery  prevails  most  and  is  most  fatal  on  moist  alluvial  «A 
is,  I  believe,  true  of  the  tropics  generally. 

lichd'um  to  Drinl'liiff  Water. — Marsh  water,  not  specifically  polhwi 
was  believed  by  Colin  to  give  rise  to  dysentery,  and  the  use  of  brackiA 
water  has  often  b(jcn  similarly  accused.  According  to  Parked  ^ 
dysentery  of  Walcheron  in  18()9  '*was  in  no  small  degree  owing  W 
bad  water,  which  was  almost  everywhere  brackish."  The  greater  I**' 
valence  of  dysentery  in  the  province  of  Oran  than  in  the  other  pro*!*!'* 
of  Algeria  is  ascribed  to  the  irritiiting  j)roperties  of  the  water,  iniprtf 
nated  with  siilts  of  soda  and  magnesia.  The  use  of  siu^ace- water  duriBj 
campaigns  in  warm  climates  has  fre<iuently  been  observed  to  given*'* 
dysentery.  Prof.  Simpson,  in  his  report  on  enteric  fever  and  dysenWff 
in  South  Africa,  st;itos  that  **  the  drinking  of  surface-waters  wiw  the  nw** 
u>^ual  cause  of  dysentery  during  the  war.'  This  is  in  striking  accordtf* 
with  the  observations  of  BartlnUemy  in  the  French  expedition  * 
Dahomey.      "So  long,"  he  says,  "as  the  soldiers  drank  only  river* 
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oiled  water  they  remained  free  from  the  disease,  but  after  hostilities 
^an,  and  the  troops  were  compelled  to  drink  surface-water,  dysentery 
ppeared." 

The  influence  of  faecally  polluted  water  in  giving  rise  to  the  disease 
proved  beyond  all  doubt  by  instances  so  numerous,  conclusive,  and 
eU  known  that  we  only  adduce  the  following,  since  it  illustrates  at  the 
kme  time  the  occasional  permanence  of  well-infection.  Read  states  that 
ysentery  broke  out  in  Metz  in  1870,  and  was  restricted  to  two  regi- 
lents  which  were  found  to  derive  their  water-supply  from  faecally 
oUuted  wells.  When  these  were  closed  the  outbreak  immediately 
saaed.  In  1881  (eleven  years  after)  the  same  barracks  were  occupied 
Y  other  troops,  and  the  previously  interdicted  wells  were  once  more 
lade  use  of,  with  the  result  that  dysentery  again  declared  it«elf,  and 
^ntinued  until  a  pure  water-supply  was  substituted. 

The  decrease  of  dysentery  which  so  uniformly  follows  the  supply  of 
urer  water  in  ships  and  barracks  is  another  proof  of  the  vast  importance  of 
^ater  as  a  vehicle  of  infection.  Dr.  Coppinger  states  that  the  substitution 
f  distilled  for  ordinary  water  in  the  British  navy  was  followed  by  a  fall 
1  the  dysentery  death-rate  from  12*7  to  1*2  per  1000.  The  mortality 
mong  the  Dutch  troops  in  Java  for  the  ten  years  18G9-78  was  13  per 
000.  When  water  derived  from  artesian  wells  was  supplied  it  fell  to 
S'l  per  1000.  In  the  same  way,  the  decrease  of  dysentery  in  the 
European  army  in  India  has  kept  pace  with  the  increasing  attention 
Mid  to  the  purity  of  the  water-supply,  as  will  be  seen  from  the  following 
igures: — 

Period.  Dysentery  Death-rate.  Period.  Dysentery  l>eath-rate. 

1860-69  2-62  1880-89  079 

1870-79  1-36  1890-99  088 

?\dai\o)i  to  Food. — Food  is  apt  to  become  contaminated  by  the  dis- 
tharges  of  dysenteric  patients,  through  the  agency  of  currents  of  air  and 
insects,  especially  the  common  fly. 

Dysentery  is  a  constant  attendant  on  long-continued  famine,  and, 
wising  in  this  way,  it  is  usually  the  precursor,  in  temperate  climates,  of 
typhus,  relapsing  fever,  and  sciu-vy.  Famine  dysentery  is  not  restricted 
to  any  season  of  the  year;  it  rages  in  winter  and  spring  as  well  as  in 
■Qinmer  and  autumn,  and  in  temperate  climates,  especially  when  attended 
py  typhus,  it  is  in  a  marked  degree  communicable.  The  Irish  emigi-ants 
1^1847-48  brought  the  seeds  of  the  malady  with  them  to  England,  where 
It  spread  to  some  extent  among  the  English  population,  which  was  not 
•Bering  from  scarcity,  and  they  also  introduced  the  infection  into  America, 
•here  it  spread  widely  and  continued  to  j)revail  for  eight  years.  The 
•ftct  of  the  Indian  famine  of  1897  was  to  double  the  cholera  mortality, 
*^  raise  the  fever  death-rate  from  2313  to  40*98,  and  to  increase  four- 
fold the  deaths  from  dysentery  and  diarrhoea.  The  famine  dysentery  of 
-^dia  does  not  exhibit  the  infectious  character  observed  in  the  famine 
dysentery  of  temperate  climates.     Scarcity,  not  amoimting  to  famine. 


especiftlly  when  combined  with  other  hardships,  predisposes  to  djsenlctj. 
Col.  Robertson  relates  that  during  the  South  African  war  the  B^th 
Division  had  to  make  long  and  rapid  marches  on  lialf  rations.  "IW 
result  was  severe  dysentery,  even  when  not  in  a  standing  camp,"  that  i^ 
when  soil-infection  did  not  come  into  play. 

The  use  of  improjwr  food  is  an  incident  of  all  famines,  and  It  ii 
impossible  to  say  to  what  extent  inanition  and  the  use  of  unBuitihle  find, 
respectively,  are  responsible  for  the  outbreak  of  famine  dysentery.  Per- 
haps it  was  not  without  reason  that  the  ancienta  more  frequently  ascribe 
the  dysentery  of  famine  limes  to  the  use  of  "  corrupt  food "  than  to 
actual  want.  Herodotus  attributes  the  dysentery  which  deatroyeil  tU 
retreating  forces  of  Xerxes  to  their  enting  herbage  and  the  Inrk  juid 
leaves  of  trees,  not  to  starvation.  Instances  might  Ije  given  in  wbidi 
musty,  mildewed  cereals,  tainted  animal  food,  coarse  food  uot  actunllr 
unvrholeaomo,  and  the  iise  of  unri|)e  or  decomposing  fruits  have  appeared 
to  give  rise  to  dysentery  in  countries  and  seasons  where  the  disease  i> 
endemic.  Major  Buchanan  has  often  found  outbreaks  of  dysentery  in 
Indian  jails  to  coincide  with  the  issue  of  badly  cleaned  or  badly  cooked 
cereals.  One  of  the  old  English  synonyms  of  d3'Bentery,  as  Dr.  C'reigbton 
points  out,  waa  "aiu-feit,"  indicating  that  our  anoestora  connected  dyjan- 
tcry  with  excesses  in  certain  articles  of  food;  this,  indeed,  rosy  bin 
been  the  cose  at  a  time  when  the  germ  of  dysentery  was  widely  dilfuwl 
throughout  the  country.  It  is  certain  that  excesses  of  this  kind  do  not 
give  rise  to  dysentery  in  England  at  the  present  day,  bat  they  m  B^ 
equally  harmless  in  tropical  countries  where  dysentery  is  prevolenL 

Hdaliiiit  to  Fatvfue  and  Ex^iwvre  to  AUeniatiims  of  Seat  avd  Odd.— 
Fatigue,  hardships,  and  exposure,  if  long- continued,  ai-e  suflicient  rf 
themselves  to  give  rise  to  pseudo-dysentery,  and  they  powerfully  diip«w 
to  true  dysentery.  Hence  dysentery  is  an  inseparable  attendant  on  ii 
in  all  climates  and  at  all  seasons  of  the  year.  Dysentery  was  ono  of  ik* 
most  fatal  diseases  both  in  the  Russian  and  Allied  armies  in  the  Crina 
(1856-57).  Along  with  dlarrhovi,  dysentery  constituted  a  third  of  tl» 
total  admissions  of  the  Federal  ai-my  during  the  War  of  Seoeesion,  Tit 
two  out  of  six  millions.  In  the  Franco-Gemmn  war  (1870-71)  tlw* 
were  3S,652  admissions  and  2380  dejiths  from  dysentery  in  the  Oenuui 
army.  In  South  Africa,  during  the  first  two  years,  the  dysentery  ■dI■i^ 
sions  numbered  24,274  and  the  deaths  975.  Even  in  tlie  non-nwbn*' 
climate  of  New  Zealand  the  troops,  when  subjected  to  hardship*  wf 
compelled  to  lie  ont  in  the  wet  at  night,  suffered  from  dysentery.  Sf 
John  Pringle's  account  of  the  circumstances  in  which  dysentery  broks  out 
among  the  British  troops  in  June  of  1713  is  very  instnictive,  T!^ 
army,  we  are  told,  marched  all  night  and  fought  next  momii^  •* 
Detlingen.  Then  the  weather,  which  had  previously  been  very  wann 
changed  and  became  cold  and  rjiiny.  After  the  Iiattle  the  men  Uy  o" 
the  ground,  without  tents,  exfiosed  to  a  heavy  rain.  Next  day  tb*y 
marched  to  Hanau,  where  they  encamped  on  wet  ground,  without  stn*- 
"  In  the  space  of  eight  days  after  the  battle  about  500  were  Baind    "^ 
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ntery,  and  in  a  few  weeks  near  half  the  troops  were  either  ill  or  had 
rered  from  that  distemper.  It  was  common,  though  not  nearly  so 
ent,  among  the  officers,  of  whom  those  were  first  seized  who  hap- 
I  to  lie  wet  at  Dettingen ;  the  rest  suffered  by  contagion."  Two 
mies  in  charge  of  the  King's  baggage,  encamped  at  a  short  distance 
tlie  main  army,  eating  the  same  victuals  and  drinking  the  same 
escaped,  as  they  had  not  been  exposed  to  the  same  fatigues,  and 
r:ain  and  wet.  But  after  six  weeks,  when  these  two  companies 
t^lie  main  body,  they  were  at  last  infected.  The  sick  were 
>  the  village  of  Feckenheim,  about  a  league  from  the  camp,  and 
he  disease  was  communicated  to  the  rest  of  the  patients,  to  the 
A'tid  apothecaries,  and  to  most  of  the  inhabitants  of  the  village. 
^a.me  way  the  dysentery-stricken  soldiers  of  the  German  army,  on 
'^trum  home  in  1871-72,  established  foci  of  infection  in  many 
^^  which  have  not  yet  become  entirely  extinct. 
f*^ion  to  Malaria  and  other  Diseases. — It  is  needless  to  adduce 
'^  that  malaria  and  dysentery  are  perfectly  distinct  infections, 
^y  often  prevail  in  the  same  localities,  and  malaria  disposes  to,  and 
^^s  aggravates,  dysentery.  Major  Buchanan  (13)  states  that  the 
^^tality  of  dysentery  in  the  jails  of  India  for  the  years  1896-97 
*  J)er  cent,  whereas  in  the  extremely  malarious  year  1894,  in  certain 
^or  which  he  obtained  the  figures,  it  was  as  high  as  9  per  cent. 
^^^  diseases  often  coexist.  Dysentery  is  a  frequent  termination  of 
*^  ^ladies — pneumonia,  phthisis,  kala  azar,  cerebro-spinal  meningitis, 
^  and  surgical  cases.  Intestinal  worms,  by  irritating  the  bowel, 
•^ved  to  favour  the  development  of  dysentery.  Their  presence, 
^^  to  Nothnagel,  leads  to  a  marked  increase  of  bacteria  in  the 
*^.te  neighbourhood  of  the  parasites.  These  bacteria  are  not  always 
mitogenetic,  and  they  may  readily  invade  other  parts  of  the  in- 


of  Spread — Contagion  and  Infection.  —  Direct  contagion  in 
^^  is  practically  restricted  to  cases  in  which  an  enema  syringe, 
a  dysenteric  patient,  is  employed  for  giving  an  injection  to  a 
with  some  other  disease  without  being  previously  cleaned^  and 
due  to  the  introduction  of  contaminated  fingers  into  the  mouth. 
^^ead  of  dysentery  in  hospitals  is  usually  less  direct.  The  bed- 
>  utensils,  floors  or  walls  of  the  ward  become  soiled  by  dysenteric 
^^8,  and  the  virus  is  conveyed  to  other  patients  by  food,  water,  or 
^  we  are  justified  in  speaking  of  the  transmission  of  dysentery  by 
syringe  as  contagion,  we  are  clearly  none  the  less  so  when  the 
ds  its  way  by  a  more  indirect  route  from  the  dysenteric  to  the 
•^  bowel.  Indirect  contagion  is  a  common  mode  of  spread  in  the 
ic2  dysentery  of  temperate  climates,  especially  in  the  homes  of  the 
-5\  large  family  is  frequently  crowded  into  one  or  two  apartments, 
e  arrangements  for  the  safe  disposal  of  the  stools  and  for  securing 
^'•i^ction  of  food  from  pollution  are  necessarily  defective.  In  these 
ces  it  is  the  rule  for  several  members  of  a  household  to  be 
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seized  in  succession.  Blanche  records  an  instance  in  which  dysentciie 
stools  were  thrown  upon  the  street,  with  the  result  that  a  number  of  tk 
inhabitants  were  simultaneously  seized  with  the  disease — multiple  caM 
occurring  in  most  families.  Here  we  have  still  to  do  with  indirect  oob- 
tagion,  the  immediate  source  of  the  virus  being  the  dysenteric  stook 
Indirect  contagion  is  also  the  common  mode  of  spread  in  institutioul 
dysentery.  The  disease  was  introduced  into  Cornwall  in  1899,  and  gin 
rise  to  a  house  epidemic.  Ogata  has  published  the  particular  of  numerooi 
cases  in  which  he  clearly  traced  the  spread  of  the  disease  iu  Ja|^n  tointcr 
course  with  the  sick,  especially  by  visiting  them  in  their  homes.  The 
introduction  of  epidemic  dysentery  into  a  town  or  country  has  in  noti 
few  instances  been  traced  to  the  arrival  of  a  dysenteric  patient,  k 
labour  vessel  from  Queensland  landed  a  native  woman  with  her  half- 
caste  child,  suffering  from  dysentery,  at  Futuna,  one  of  the  Nev 
Hebrides.  The  disease  soon  spread  all  over  the  island,  and  cat  of 
one-fourth  of  the  population  (22).  An  epidemic  in  Norway  in  1859  w« 
definitely  traced  to  the  return  of  a  sailor  who  had  been  treated  for 
dysentery  in  Liverpool.  The  disease  spread  from  the  home  of  the  sailor 
and  attacked  in  all  3992  persons,  of  whom  621  died.  Ship^Jyaenteij, 
of  which  there  are  numerous  instances,  is  probably  spread  iii  tiui 
way. 

The  case  is  different  when  an  independent  focus  of  infection  i«  i* 
up  in  house,  cesspool,  or  soil,  capable  of  propagating  the  disease  for  ai 
indefinite  time.  The  origin  of  the  virus  has  probably  been  the  dejedioBi  . 
of  dysenteric  patients,  but  the  pathogenetic  agent,  in  becoming  adapted 
to  saprophytic  conditions,  gives  rise  to  an  autonomous  source  of  infedioa. 
To  the  account  of  infection  may  be  placed  those  outbreaks  in  whicfca 
faecally  polluted  soil  has  retained  for  months  or  years  the  power  d 
generating  the  disease  ;  those  in  which  mud  from  faecally  polluted  poodit 
canals,  or  the  desiccating  margins  of  lakes  has  been  the  starting-poin^ 
of  an  epidemic.  To  infection,  also,  we  refer  the  instances  in  whicka 
faically  contaminated  well  has  retjiined  its  infective  properties  long  alur 
the  disease  ha.s  been  absent  from  the  locality.  The  instance  of  M^ 
already  noticed,  is  an  example  of  this  kind. 

These  two  modes  of  spread — contagion  and  infection — are  omul- 
taneously  in  operation  in  many  outbreaks,  but  in  epidemic  dysentery  tk 
preponderajjng  factor  appears  to  be  contagion.  In  the  endemic  dyacnMif 
of  tropical  countries,  on  the  other  hand,  contagion  is  so  little  in  e\'ideoe9 
that  miiny  of  the  most  experienced  physicians  have  doubted  its  existenrt- 
One  can  hardly  suppose  this  property  to  be  altogether  absent  from  tl» 
emdemic  disejise,  but  I  do  not  remember  any  insUince  in  which  AwtXfff 
was  clearly  communicated  by  conUigion  in  hospital. 

Pfuhl  found  the  bacillus  in  the  dysenteric  stools  of  soldiers  fri*" 
China  a  year  after  their  return  to  Germany.  The  risk,  therefore^  ^ 
patients  suffering  from  chronic  dysentery  spreading  the  infection  abooM 
not  be  overlooked.  The  sources  of  the  virus  are  thus  practicaBj  ^^w 
dysenteric  stools  and  the  infectious  foci  set  up  by  them.     We  Ho  no^ 
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rhether  any  of  the  lower  animals  harbour  Shiga's  bacillus,  but 
ry  has  often  been  epizootic  and  epidemic  at  the  same  time.     The 

and  agents  for  its  diffusion  are  the  dysenteric  patient  himself, 
ood,  air,  and  insects.  The  ports  of  entrance  are  the  mouth  and 
id,  perhaps,  the  anus ;  in  one  instance  a  culture  of  Shiga's  bacillus 

contact  with  the  conjunctiva,  and  was  followed  in  twenty-four 
y  dysentery  (Dodge). 

sonal  Factors — Age, — ^All  ages,  from  the  nursling  to  extreme 
,  pay  their  tribute  to  dysentery.  In  some  of  the  European 
cs   nearly   half   the   attacks    and    rather    more    than    half    the 

have  been  among  children.  The  dysentery  death-rate  of 
in  children  in  India,  for  1901,  was  2*56,  while  that  of  the  soldiers 
Y  0*97.     The  Bombay  statistics  shew  that  native  children  under 

of  age  furnish  a  high  ratio  of  deaths ;  from  5  to  1 5  years  the 
y  decreases,  to  rise  again  in  adult  life.  Strack  and  Zimmermann 
.hat  they  had  seen  children,  born  of  mothers  suffering  from 
py,  come  into  the  world  with  the  diseasa  Markwald  states  that 
llus  was  found  in  the  heart's  blood  of  a  foetus  of  seven  months, 
aother  was  suffering  from  dysentery,  and  that  the  early  lesions  of 
ry  were  found  in  its  intestine. 

— In  Europe  both  sexes  appear  equally  liable  to  the  disease, 
li  in  some  epidemics  women  have  suffered  most.  The  ratio  of 
ms  among  the  European  women  belonging  to  the  army  in  India 
more  than  half  that  of  the  men.  This  disparity  is  not  dependent 
but  on  habits  of  life  and  exposure  to  the  predisposing  causes. 
ive  women  of  the  large  Indian  towns,  for  the  same  reasons,  shew 
rhat  lower  dysentery  mortality  than  the  men.  How  it  stands  in 
aral  districts,  where  women  take  their  share  in  outdoor  labour, 
tain. 

\ — All  races  are  equally  liable  to  dysentery.  The  differences 
i  in  the  death-rates  of  various  nationalities  living  in  the  same 
depend,  not  on  race,  but  on  habits  and  social  conditions.  Among 
IS  races  the  disease  is  often  highly  destructive.  Dr.  Seligmann 
epidemic  dysentery  to  be  exceedingly  common  and  very  faUil 
.he  native  tribes  in  British  New  Guinea.  In  some  villages  it  had 
off  15  per  cent  of  the  inhabitants,  and  he  came  upon  a  group  of 
deserted  on  account  of  dysentery.  Witness,  too,  the  extermina- 
some  of  the  Indian  tribes  in  British  New  Guinea  by  the  allied 
known  as  epidemic  gangrenous  proctitis. 

\paUan. — Dysentery  is  more  a  disease  of  country  hamlets  and 
than  of  cities.  Agricultural  labourers  are  more  liable  than  those 
ig  indoor  occupations.  Of  town  populations,  according  to  Zancarol, 
,  cooks,  and  mechanics  exposed  to  great  heat  are  specially  pre- 
i.  Soldiers,  sailors,  and  explorers  in  tropical  countries  pay  a 
ribute  to  dysentery. 

«/  Condition. — Dysentery  is  notably  a  poor  man's  disease.  The 
lo  suffer  less  than  the  poor,  the  officer  than  the  private  soldier. 
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The  scantily  clad,  the  poorly  fed,  the  badly  housed,  the  overworked, 
always  furnish  the  largest  quota  of  victims  to  the  disease. 

Effect  of  Length  of  Residence  in  the  Tropics. — European  soldiers  recendr 
arrived  in  India  shew  a  somewhat  greater  liability  to  dysentery  thu 
those  whose  residence  has  beeti  longer,  but  after  the  seventh  year  tk 
<leaths  from  dysentery  increase  according  to  length  of  service,  in  pro- 
portion to  the  total  deaths  from  all  causes,  as  will  be  seen  from  the 
following  table  by  Bryden,  shewing  the  ratio  of  deaths  from  dysentery  w 
100  deaths  from  all  causes  according  to  length  of  service  : — 


First 

Sik'cond 

First 

Fifth  to 

Aljove 

Above 

year. 

year. 

r»  years. 

seventh  year. 

7  years. 

10  yeVK. 

9-6 

10-4 

90 

10-1 

13-3 

13-7 

It  is  evident  that  there  is  no  acclimatisation  for  dysentery. 

Mortality. — The  case-mortality  among  the  British  troops  in  India  kr 
the  ten  ye.irs  1891-1900  was  a  little  under  3  per  cent,  and  that  of  tki 
native  army  for  the  s^ime  peiiod  somewhat  lower.     In  the  jail  hospiub 
of  Bengal,  according  to  Major  Buchanan,  it  was  3*8  per  cent  for  tke 
years  1896-97.     These  figures  do  not  convey  the  impression  that  df 
dysentery  of  the  barracks  and  jails  of  India  is  a  disease  of  any  gniC 
gravity,  and  they  contrast  in  a  very  striking  way  with  the  high  em- 
mortality  of  epidemic  dysentery  in  Europe  and  Japan,  and  with  that  of 
the  endemic  disease  of  tropical  countries  generally,  as  derived  from  tbf 
returns  of  civil   hospitals.      Strong  and  Musgrave,  in  the  Philippofl^ 
distinguish  from  specific  l)acterial  and  amwbic  dysentery  a  mild  catairU 
form  which  is  rarely  fatal.     This,   I  take  it,  is  pseudo- dysentery,  ft 
seems  probable  that  many  cases  of  this  kind  are  included  in  the  retana 
of  milit;iry  and  jail  hospitals.     The  case-mortality  in  six  epidemia  i 
dysentery  in  France  and  Germany  of  which  I  have  the  particulars  rwpil 
from  9*0  to  14  9  per  cent.     An  instance  is  recorded  by  Maggioraofn 
epidemic  at  Grazzano  in  Italy,  in  1888,  in  which  out  of  2001  patiei* 
only   three  deaths  occurred,   but  this  is  altogether  exceptional.    ^ 
case-mortality  in  Japan,  according  to  Shiga,  varies  from   16*5  to  JMrt 
j)cr  cent     In  the  Ceylon  hospitals,  for  1903,  it  stood  at  28*7  ;  in  Brili* 
Guiana,  in   1902  and  1903,  at  22*8  and  26*6  per  cent  respectively,   b 
Singapore,  where  we  have  been  taught  to  believe  that  dysentery  is  rf* 
mild  type,  the  hospital  mortality  in  1902  was  no  less  than  25*4,  and  a 
the  neighbouring  State  of  Selangoi-  it  reached  34*0  per  cent.     In  TrinidJ 
it  stood  at  30*7,  in  (ierman  New  Guinea  at  33*0,  and  at  Hong-Kong  u 
1902,  it  reached  3 7 '3  per  cent  (17).     No  doubt  the  fact  that  in  miKtaiy 
and  jail  hospitals  the  piitient  comes  under  treatment  at  once,  whereas  4* 
civilian  is  seriously  ill  before  he  seeks  admission  into  hospital,  goei  • 
very  considerable  way  in  explaining  the  lower  death-rates  in  militaiT  vi 
jail  hospitals.     But  the  discrepancy  is  too  great  to  be  accounted  for  ■ 
this  way.     Arc  we  not  justified  in  suspecting  that  a  considenbla  ^ 
portion  of  the  cases  returned  as  dysentery  in   the  military  and  j«* 
hospitals  are  nothing  more  than  a  simple  catarrh  of  the  large  intertin*-^ 
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Bach  as  those  referred  to  by  Strong  and  Musgrave,  which  would  have 
recovered  by  rest  and  dieting  without  medicine  ?  If  this  view  be  correct, 
uid  different  diseases  are  included  under  the  term  dysentery,  it  is  obvious 
that  caution  must  be  exercised  in  judging  of  the  vahie  of  different 
methods  of  treatment  from  such  statistics.  A.  D. 

Bacteriology — HistoricaL — The  occurrence  of  bacteria  in  the  stools 
ind  tissues  in  dysentery  was  demonstrated  by  Klebs,  Prior,  and  Ziegler, 
irho   worker!,   however,   either  with   faulty   bacteiiological   methods   or 
merely  with  sections  of  tissues.     Ziegler,  from  examination  of  the  micro- 
loopic  tissue-changes,  came  to  the  conclusion  that  the  relationship  of  the 
bacteria  to  the  lesions  shewed  that  the  bacteria   present   had    had  a 
pathogenetic  action.     Hlava  isolated  nineteen  kinds  of  bacilli  from  the  dis- 
charges of  cases  of  epidemic  dysentery,  but  none  of  these  reproduced  the 
lesions  of  dysentery  in  animals.     The  later  investigations  were  more 
mocessful,  since  they  dealt  with  pure  cultures  of  particular  forms  or 
•pecies  of  microorganisms.    The  most  important  are  those  of  Chantemesse 
ftnd  Widal,  Maggiori,  Laveran,  Arnaud,  Colli  and  Fiocca,  Galli-Valerio, 
Talagussa,  Grigoriew,  Escherich,  and  Deycke,  all  of  whom  obtained  from 
the  stools  of  patients  or  intestinal  contents  at  post-mortems  certain  colon 
Willi  which  were  especially  distinguished  by  enhanced  virulence.     At 
the  present  time  the  colon  bacillus  is  not  believed  to  be  one  of  the  direct 
ttuses  of  dysenteiy,  and  the  property  of  increased  pathogenetic  action 
for  lower  animals  is   now  known    to   be   acquired  by  this  bacillus  in 
nany  pathological  states  existing  in  the  intestine  in  man.     The  bacillus 
itolated  by  Ogata  in  Japan  could  not  be  obtained  by  other  bacteriologists, 
-•nd  the  notion   that   pathogenetic  cocci    cause   dysentery,   as   brought 
fcrward  in  the  work  of  De  Silvestri,  Bertrand  and  Baucher,  and  Ascher, 
kw   now   been   discarded.      That    the    Bacillus  pyocyanena  can,   under 
^rtain  conditions  at  least,  cause  dysentery  would  seem  to  ]>e  proved  by 
tte  results  of  Calmette's  work  on  the  endemic  entero-colitis  of  Cochin 
China,  and   of   Lartigau   and  Adami's  on   small    localised  epidemics  of 
dysentery  in  the  northern  United  States  and  Canada.     Of  these  investi- 
^tions  the  most  important  are  those  of  Celli  and  Fiocca,  and  Del  Pino 
■ud  Alessandri,  all  of  whom  studied  varieties  of  Bacillus  coli,  which  were 
l^t  only  pathogenetic  for  certain  small  animals,  but  produced  dysentery 
tt  cats,  and  yielded  active  toxins  also  capable  of  setting  up  these  lesions ; 
•nd  those  of  Escherich  upon   contagious  colitis   in  children,  which  he 
Wgarded  as  caused  by  a  variety  of  the  colon  bacillus. 

These  Itacteria,  with  the  possible  exception  of  the  Imcilli  of  Chante- 
messe and  Widal  and  of  Ogata,  so  far  as  they  could  be  studied  in  cultures, 
Acwed  no  specific  properties.  They  all  represent  well-known  bacterial 
•P^ea,  constantly  present  normally  in  the  situation  from  which  they 
were  obtained  in  disease,  their  only  unusual  properties  being  incre^ised 
TOnience  when  tested  upon  animals,  and  a  capacity  to  set  up  enteritis 
Wen  injected  into  the  intestine  in  dogs  and  cats. 

'^i  investigation  of  Japanese  epidemic  dysentery  in  1898  by  Shiga 
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yielded  different  and  more  convincing  results.  He  recognised  at  tki 
outset  that  the  Bacillus  dysenierkv  must  fulfil  four  essential  etiologkil 
conditions:  (1)  it  must  occur  constantly;  (2)  it  must  be  a  species  DOi 
normally  present  in  the  diseased  organ ;  (3)  it  must  be  ptathogenetic  mi 
produce  in  experimental  animals  lesions  similar  to  those  from  which  it 
was  obtained ;  (4)  it  should,  by  reason  of  its  pathogenetic  action  in  noo, 
shew  the  agghitination  reaction  with  the  blood  of  patients  suffering  froa 
dysentery.  From  the  series  of  cases  studied  by  Shiga  a  bacillus  fuTfilliif 
these  requirements  was  isolated. 

Bacillus  dysenterisB  (Shiga). — The  dysentery  bacillus^  so-called,  doci 
not  represent  a  single  hard  and  fast  species,  but  a  group  of  closely  relit«d 
bacilli.  At  present  two  distinct  and  several  subsidiary  types  are  recog- 
nised. The  two  main  types  are  the  Shiga  and  the  Flexner  or  Manik 
They  came  respectively  from  the  dysenteric  diseases  prevailing  in  Japu 
and  the  Philippine  Islands.  It  is  highly  probable  that  both  these  tjpei 
appear  in  each  of  these  countries,  as  was  proved  to  be  the  case  in  Gennaiif 
by  Kruse,  and  in  the  United  States  by  myself  and  my  pupils,  Veddff 
and  Duval.  That,  moreover,  the  two  types  may  be  associated  in  thi 
same  individual  has  been  shewn  by  Gay  and  Duval  working  in  bj 
laboratory  in  Philadelphia.  The  criterion  of  the  Bacillus  dyseuiem  ii 
its  pathogenetic  action  in  man  under  the  conditions  formulated  by  Ship. 
On  the  basis  of  this  test  no  etiological  distinction  can  be  drawn  betreei 
the  main  types,  and  certain,  at  least,  of  the  subsidiary  tj'pes  of  tin 
bacillus. 

The  morphological  characters  are  similar  in  all  the  types.  Tk 
bacillus  is  a  short  rod  about  the  length  of,  but  somewhat  plumper  tbiii 
the  typhoid  bacillus,  with  rounded  ends.  From  this  prevailing  fon 
there  are  variations.  Sometimes,  especially  in  very  young  cultures^  ^ 
bacilli  are  very  short ;  again  they  shew  irregularities  of  staining,  and  irt 
infrequently  they  are  united  in  pairs  or  short  chains,  or  lie  in  irr^ol* 
clumps.  The  bacillus  stains  readily  with  the  usual  dyes,  and  is  decolofiirf 
by  Gram's  method.  It  is  asporogenous.  Considerable  difTerenw  i 
opinion  has  j)revailed  as  regards  its  motility.  Shiga  and  Fleo* 
described  slight  locomotion  in  young  cultures,  but  the  general  opini* 
of  later  bacteriologists  is  opposed  to  this  view.  Duval  and  Yedte 
describe  peritrichal  flagella,  and  invented  a  method  for  demonstntiiC 
motility  in  the  bacillus  recently  isolated  from  artificially  infected  gnin* 
pigs.  Cultures  obtained  from  cases  of  human  dysentery  are  wsoJIf 
non-motile,  unless  the  examination  be  made  of  young  growths  (16  to  1^ 
hours  old)  in  the  first  generations.  Saprophytic  cultivation  seems  qidcklr 
to  deprive  the  bacilli  of  motility,  although  the  flagella  persist. 

The  cultural  characters  of  all  the  types  are  essentially  the  Bsme,  W 
there  are  certiiin  distinctive  differences  which  are  of  use  in  septrtfoj 
them.  The  dysentery  bacillus  grows  readily  upon  the  usual  cultaw 
media,  and  most  actively  at  the  temperature  of  37^  C. ;  at  roc** 
temperature  its  growth  is  slower,  and  it  ceases  entirely  to  multiplj** 
C   C.      The  usual  media  employed  in   its   cultivation   are  agar-aj^i 
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tin,  bouillon,  and  milk.  The  growth  on  potato  and  on  sugar-agar 
broth  is,  however,  useful  for  purposes  of  identification  and  differ- 
ation.  Upon  agar-agar  the  organism  grows  as  an  opaque  white  line 
g  the  stab,  and  spreads  slightly  at  the  surface ;  after  several  days 
growth  may  extend  over  the  entire  exposed  surface  of  the  agar-agar. 
ngle  line  of  growth  on  the  agar-agar  slant  tends  to  remain  restricted 
narrow  middle  zone  of  the  medium,  where  it  forms  a  slightly  elevated, 
tish,  opaque  layer  of  3  or  4  millimetres  in  width.  The  growth 
»mes  thinner  towards  the  peripheries,  and  the  edges  are  scolloped. 
^ed  with  transmitted  light  an  appearance  suggesting  the  branches  of 
•  tree  is  to  be  made  out.  The  growth  upon  agar-agar,  excepting  for 
ghtly  greater  abundance,  closely  resembles  that  of  the  typhoid  bacillus, 
as  compared  with  that  of  the  colon  bacillus  it  is  less  in  amount  and 
acre  delicate  appearance.  The  colonies  on  agar-agar  begin  as  round 
tlliptical  points,  which  may  attain  the  size  of  1  to  1  ^  millimetres  in 
tity-four  hours.  Those  which  reach  the  surface  tend  to  spread  until, 
r  several  days'  growth,  they  may  reach  a  centimetre  or  more  in  size. 
y  are  translucent,  and  in  consistence  and  opacity  intermediate  between 
ioid  and  colon  bacilli  colonies.  Gelatin  is  not  liquefied.  The  colonies 
gelatin  of  10  per  cent,  or  even  greater  concentration,  begin  as  small 
ad  or  oval,  faintly  yellowish-brown  points,  and  slowly  increase  in  size, 
ise  on  the  surface  spread,  become  transparent,  and  assimie  the  grape- 
appearance  of  typhoid  bacillus  colonies.  The  larger  agar-agar  and 
itin  colonies  shew  an  eccentrically  placed  nucleus.  Stab-cultiu'es 
w  along  the  line  and  spread  on  the  surface.  Bouillon  is  rendered 
bid,  and  sedimentation  occurs.  A  membrane  is  not,  as  a  rule,  formed, 
ol-production  is  absent  in  the  original  Shiga  cultures,  but  it  is  pro- 
ed  by  other  varieties  of  the  bacillus.  Milk  is  slightly  acidified,  and 
ir  rendered  amphoteric  or  faintly  alkaline.  These  changes  can  best  be 
owed  in  litmus  milk.  No  coagulation  takes  place.  On  potato  the 
wth  is  slight  and  membranous,  and  is  either  visible  or  invisible  accord- 
to  the  reaction  of  the  potatoes  employed.  Should  the  potatoes  be 
I  no  growth  can  be  seen ;  but  if  alkaline  an  elevated  brownish  layer 
ormed. 

Fermentation. — No  gas  is  formed  in  any  of  the  sugars.  The  original 
ga  bacillus  ferments,  of  the  many  sugars  tested,  dextrose  and  other 
DO-saccharides,  producing  acids  and  causing  distinct  reddening  of  a 
cose-litmus  culture  medium.  If  instead  of  litmus -glucose -agar  or 
lillon  the  serum -water  medium  of  Hiss,  containing  glucose,  he  em- 
fed,  the  Shiga  bacillus  will  produce  reddening  and  coaguhition  of 
fluid. 

All  other  types  of  the  dysentery  bacillus  have  wide  fermentative 
perties.  The  Flexner  or  Manila  type,  which  seems  to  possess  the 
leet  capacity,  ferments  dextrose,  mannite,  saccharose,  maltose,  and 
trin,  but  not  lactose.  The  subsidiary  bacillus  of  Hiss  and  Russell, 
eh  belongs  to  this  group,  fails  to  ferment  dextrin.  The  number  of 
iants  among  this  group  of  bacilli  is  considerable,  and  it  is  probably 
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incorrect  to  continue  the  subdivision  into  types  indefinitely.  The 
in  which  this  whole  class  of  organisms  agrees  and  differs  is  of  intenH 
and  cannot  fail  to  arouse  the  suspicion  that  our  knowledge  of  its  phjm 
logic^d  properties  is  at  present  in  a  very  unstable  condition. 

Afjgluiinatioii. — Agglutination  reaction  has  been  of  great  impomaa 
in  the  original  separation  of  the  Ixicillus  of  dysentery  from  admixtSR 
with  the  other  intestinal  bacteria,  and  it  has  been  employed  in  tk 
subsequent  study  of  the  types  of  the  bacilli.  Knise  was  the  first  to 
point  out  a  marked  variation  in  the  degree  of  agglutination  betim 
difToront  strains  of  dysentery  bacilli.  The  two  strains  which  he  studied 
came  respectively  from  an  epidemic  of  dysentery  and  several  canes  d 
the  disease  which  arose  in  an  institution  for  the  insane.  The  blood  of 
patients  suffering  from  epidemic  dysentery  agglutinated  the  first  struD  ii 
higher  dilutions  than  the  second,  and  the  blood  of  animals  immunised  to 
the  bacillus  isolated  from  the  epidemic  cases  behaved  in  a  similar  maniMr. 
On  the  basis  of  the  observed  difference  Kruse  designated  the  former  ii 
"  true  "  and  the  latter  as  the  "  pseudo  "  -  dysenter}^  bacillus.  Th8« 
appellations  are  unfortunately  chosen,  and  more  searching  study  ki 
already  dissipated  the  notion  of  a  distinct  etiology  for  epidemic  and  iiutin- 
tional  dysentery.  The  anatomical  lesions  and  clinical  symptoms  are  thi 
essential  facts  upon  which  the  diagnosis  of  dysenter}'  is  based,  and  tbflN  , 
are  in  entire  agreement  in  the  two  classes  of  cases.  There  are  no  "tne' 
and  no  "false"  dysentery  bacilli,  and  the  term  "dysentery  baciUuB," lib 
the  term  "  cholera  bacillus,"  must  now  be  taken  to  include  several  trpB 
which  are  closely  related  in  morphological  and  cultural  properties,  b* 
which  shew  variation  in  fermentative  and  agglutinative  qualities.  Tb^ 
possess,  however,  the  most  essential  feature  in  common  of  l^eing  sbh 
to  set  up  in  man  the  lesions  of  pseudo  -  membranous  and  iilctfitn* 
dysentery. 

The  absorption  of  agglutinins  from  an  active  dysenteric  sema  ^ 
any  of  the  bacillary  types  will  remove  the  major  or  minor  part  of  tk 
agglutinins  present,  depending  upon  the  type  of  bacillus  used  in  immtmi* 
tion.  The  major  agglutinins  are  the  more  specific  ones;  the  minor** 
produced  indifll'ercntly  by  any  of  the  types,  and  similar  ones — the  80<«W 
"common"  agglutinins — may  even  exist  normally  in  the  blood  of  cert* 
animals,  e.f^.  the  horse.  Hence  the  absorption  method  of  CastelUni  ki 
been  employed  to  assist  in  the  establishment  of  "types"  of  dysentff 
bacilli. 

Shi;;a  first  applied  the  Neisser-Wechsberg  method  of  bacterioljiii  •• 
the  study  of  dysentery  bacilli,  but  his  observations  had  no  reference  to  I* 
<lifferentiation  of  the  types.  Gay,  later,  found  that  perfect  bacterioij* 
depended  upon  the  employment  of  bacilli  and  immune  serum  of  ^^ 
sponding  types.  Neither  immune  serums  nor  types  of  bacilli  vr&tiB^ 
changeable  in  producing  bacteriolysis,  from  which  the  conchwion  tW 
bacteriolytic  variations  serve  to  distinguish  the  types  of  bacilli  coaH  * 
drawn.  Dopter  has  employed  the  method  of  Bordet  and  Gengou  of  alw" 
ing  the  hemolytic  alexin  in  immune  dysenteric  serum  for  determining  "* 
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ODship,  and  has  reached  the  conclusion  that  all  bacilli  of  dysentery 
lembers  of  one  large  group,  in  which  they  behave  as  more  or  less 
:Ct  faces. 

i  has  been  observed  that  cultures  of  typhoid  bacilli  and  other 
lisms  isolated  from  the  blood  and  internal  organs  shew  a  condition 
agglutinability.  After  successive  cultivations  on  artificial  media 
ity  for  agglutination  may  appear.  Marshall  and  Knox  found  by 
'ating  the  dysentery  bacillus  in  bouillon  containing  antidysenteric 
1  that  it  became,  for  the  time,  inagglutinable.  Subsequent  growth 
;ar-agar  restored  the  agglutinability. 

mmuiiVMiion, — Small  and  large  animals  may  be  immunised  actively 
ssively  to  the  dysentery  bacillus.  For  active  immunisation  guinea^ 
are  well  adapted;  and  for  passive  immunisation  goats  and  horses 
e  employed  with  advantage.  From  the  latter  animals  large  quantities 
11m  for  therapeutic  uses  have  been  obtained.  As  the  finer  difl'erential 
ods  are  separating  the  different  types  of  bacilli  from  each  other,  the 
ion  has  arisen  whether  the  behaviour  of  the  types  is  equally  distinct 
spect  to  the  protective  effects  produced  in  the  animal  body  by 
ine  serums.  Upon  the  answer  given  to  this  question  may  depend 
practicability  of  using  antidysenteric  serum  therapeutically  in  man. 
made  an  exact  study  in  guinea-pigs  of  cross -immunisation  by 
I  serum  yielded  by  the  Shiga  and  Flexner  strains  of  dysenteric 
li,  and  found  that  the  protective  power  of  the  serum  is  a  factor  which 
not  proceed  hand  in  hand  with  bacteriolysis  and  agglutination,  and 
3  that  the  latter  phenomena  are  not  measures  of  the  possible  thera- 
c  usefulness  of  the  serum.  But  since  each  immune  serum  is  most 
e  against  its  own  type  of  Imcillus,  a  polyvalent  serum  is  more  likely 
a  monovalent  one  to  be  useful  in  therapeutics. 

\msiaiice  of  Dysentery  Bacilli, — Dysentery  bacilli  can  be  cultivated 
ly,  but  they  do  not  survive  indefinitely  upon  old  cultures.  The 
d  of  survival  is  not  a  fixed  one,  but  depends,  in  part,  on  the  strain 
4:illus,  the  composition  of  the  medium,  and  the  mode  of  preservation. 
BT  similar  conditions  certain  strains  will  survive  many  weeks,  while 
rs  will  be  found  to  have  ceased  to  grow  on  transplantation  after 
>  or  four  weeks.  On  media  free  from  fermentable  sugars,  or  con- 
Dg  small  percentages  of  sugar,  especially  if  drying  be  prevented,  all 
Q8  will  survive  four  weeks  or  longer  ;  but  in  the  presence  of  the  acids 
ied  from  sugars  the  period  of  viability  is  greatly  reduced,  and  some 
iiM  will  succumb  after  one  or  two  weeks. 

In  competition  with  many  saprophytic  organisms  the  dysentery  bacilli 
Uy  disappear,  as,  for  example,  the  saprophytes  of  the  faeces  and  the 
iinon  acid-producing  bacteria  of  milk.  They  caimot  be  cultivated,  as  a 
\  after  two  days'  sojourn  in  faeces  or  eight  days  in  milk  (Kruse), 
*•  the  mixtures  have  been  kept  on  ice.  Schmidt  failed  to  isolate 
r  ten  days  the  dysentery  bacillus  from  mixtures  of  earth,  water,  or 
I  exposed  to  winter  cold,  while  Pfuhl,  who  mixed  faeces  containing 
'fltery  bacilli  with  earth  and  kept  them  at  a  temperature  of  1*5°  C. 
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to  15"  C,  was  still  able  to  cultivate  the  dysentery  bacillus  after  lOl 
days.  When  cultures  are  mixed  with  faeces  in  the  air-dry  couditioa  tkj 
survive  twelve  days,  and  in  linen  soiled  with  faeces  seventeen  Atya.  h 
water  the  period  of  survival  varied  from  five  to  nine  days,  and  in  bottff 
and  cheese  it  was  about  nine  days.  The  bacilli  are  killed  in  half  an  hov 
by  1  per  cent,  and  immediately  by  5  per  cent  carbolic  acid  and  t^ 
solution  of  corrosive  sublimate. 

Variation  in  Virulence. — In  artificial  cultures  the  dysentery  bacillu  i 
apt  to  diminish  in  virulence  for  laboratory  animals.  This  is  tat^ 
apparently,  for  all  types  of  the  bacillus.  The  minimal  fatal  dose  oi 
freshly  isolated  cultures  of  the  Shiga  strain  is  often  as  low  as  ^  ioopi, 
and  of  the  Flexner  strain  of  \  loops,  as  measured  by  guinea-pigs  of  2M 
grammes  in  weight.  After  some  weeks  of  saprophytic  cultivation  tki 
fatal  dose  may  have  increased  to  one  or  two  loops,  and  after  many  montki 
to  one  or  more  slant  agar-agar  cultures.  The  virulence  for  guinea-pip 
can  frequently  be  restored  more  or  less  completely  by  passage  bm 
guinea-pig  to  guinea-pig  in  rapid  succession.  The  transfer  should  doI 
be  made  directly  from  animal  to  animal,  but  intermediate  cultivatioD  ii 
always  necessary.  The  readiness  with  which  the  dysentery  bacillos  loM 
and  reacquires  virulence  is  not  without  importance  in  connexion  with  i 
grasp  of  the  problems  of  the  epidemiology  of  bacillary  dysentery. 

Method  of  Isolation  of  Badllm  dysenieriiE, — The  dysenteiy  baefUiu  ■ 
isolated  with  greiiter  or  less  difficulty  from  dejecta,  and  directly  from  tb 
mucous  membrane ;  the  determining  factors  being  the  relative  Dambff 
of  the  bacilli  originally  present,  and  also  the  freshness  of  the  prepm* 
tion  and  the  method  employed.  If  stools  are  employed  they  shouM  be 
examined  immediately  after  they  have  been  i)assed  ;  scrapings  of  tk 
mucosa  of  the  intestine  will  yield  the  bacillus  twenty-four  hours  or  loop' 
after  death.  But  the  rule  in  all  cases  is  to  make  the  bacteriologicil 
examination  at  the  earliest  practicable  moment. 

Mucus  or  mucus  tinged  with  blood  is  to  be  selected  for  plating  ■ 
jigar-agar.    The  material  is  suspended  in  sterile  saline  solution  or  booillflii 
well  shaken,  and  set  aside  for  a  few  minutes  to  permit  the  larger  flo**^ 
to  subside.     From  the  cloudy  suspension  10  to  12  agar-agar  i^^ 
inoculated  with  different  quantities,  and  as  many  Petri  plates  iM* 
The  seeding  of  the  plates  is  a  matter  of  importance,  and  the  total  awii* 
of  colonies  developing  upon  a  plate  should  be  preferably  between  ^^ 
1 00.     The  plates  are  incubated  for  fourteen  to  eighteen  hours  at  ^  ^ 
At  the  end  of  this  period  every  small  pearl-grey  colony  is  transT^^ 
to  a  glucose-agar  stab  tube  or  to  a  tube  of  IIiss*s  semi-solid  mediu^''°'^j, 
.\11  the  colonics  arc  now  marked  on  the  glass  with  a  wax  pencil,      "^^ 
plates  kept  inverted  at  the  room-temperature  for  several  days.  -^ 

colonies  develop  they  are  transferred  in  this  manner.     The  i 
tubes  are  ready  for  examination  after  six  hours  in  the  thermostab^ 
in  the  case  of  Hiss's  medium,  and  twelve  hours  in  that  of  glu 
In  the  wise  of  the  latter  all  tubes  shewing  gas-formation,  and  i 
of  the  former  all  shewing  diffuse  cloudiness,  caused  by  active 
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r  gaa-biibblos,  are  discarded.  Sornotimes  the  gas  is  not  liberated 
lu  this  incdiiim  until  it  is  gently  stirred  with  a  platinum  needle.  The 
selected  tubes  are  now  examined  microacopicallj'.  All  those  showing 
li&ciUi  lire  tested,  if  possible,  with  antidysenteric  serum  or  the  patient's 
lilood,  fur  agglutination.  Ail  bacilli  shewing  the  agglutination  reaction 
jtre  sub-cultured  into  litmus-milk  and  the  different  sugar  culture-media. 
6iuce  c«rlain  strains  of  dysentery  bacilli  agglutinate  i>oorly  or  not  at  all 
iu  the  carjy  isolations  from  human  beings,  this  test  is  not  absolute. 
Ctiltlvation  in  the  various  difTerential  media  may  be  resorted  to  without 
testing  for  a^lutiiiation,  or  when  it  fails  to  appear.  The  identification 
^tbe  bacillus  depends  upon  morphologicid  and  cultural  propeities,  upon 
^fermentative  and  agglutinative  reactions,  and,  to  a  less  extent,  upon 

_  Mietic  action  in  animals. 
\Bac^ia.T^  Dgsmlay  in  Man. — The  Shiga  bacillus  has  been  obtained  in 
L  parts  of  the  world  in  which  epidemic  dysentery  has  been  studied 
teriologically,  It  may,  therefore,  be  accepted  as  the  etiological 
'  Q  of  this  disease  ;  and  it  equally  is  the  cause  of  a  part — the  non- 
Kehic  part — of  the  endemic  disease  of  the  tropics  and  sub-tropics,  an<l 
B  sporailic  disease  of  temperate  climates.  The  bacillus  occui-s  tbrough- 
l  the  intestine,  although  it  is  present  more  frequently  or  in  larger 
■mWre  in  the  lower  bowel  in  which  the  leiiions  are  situated.  It  is 
lilly  associated  with  B.  coli,  and  often  with  other  intestinal  liacteria,  so 
t  its  isolation  is  often  a  matter  of  difficulty.  Cases  have,  however, 
I  described  in  which  the  bacillus  has  appeared  In  pui'e  or  nearly 
e  cultures  on  the  plates.  In  the  intestine  the  dysentery  bacillus 
ti  the  surface  and  in  the  contents  of  the  gut,  but  in  the  deeper 
,  within  tho  crypts  of  LieberUiihn  and  in  the  substance  of  the 
it  penetrates  further  than  the  saprophytes.  Hence  it  is 
.  ently  more  certainly  and  readily  obtained  at  autopsy  from  scrapings 
of  the  intestinal  mucosa  freed  from  ftecal  covering,  even  though  visible 
'Minna  are  absent  in  the  juirts,  than  from  the  dejections  during  life. 
D'lVkl  has  obtained  the  bacilluB  from  an  excised  portion  of  the  intestine 
"liicit  had  been  on  ice  about  forty-eight  hours  after  death.  The 
'Iv'teiiLery  bacillus  survives  in  the  tissue  longer  than  in  dejecta,  since  in 
'he  former  situation  it  is  loss  exposed  to  the  competitive  action  of  the 
i"l«stiual  saprophytes.  In  dysentery  tlie  Shiga  bacillus  can  frequently 
'*  isniatcd  from  the  mesenteric  glimils  and  more  rarely  from  the  liver. 
I  w  olhftt  viscera  and  the  Mood  would  seem  not  to  harbour  the  bacillus, 
"nich,  it  must  be  iissumed,  escapes  from  time  to  time  into  the  circulation. 
Tnt  ituiuiier  of  bacilli  in  the  lymph-glands  and  liver  is,  judging  by  the 
'liffiraliics  of  cultivation,  not  large.  In  order  to  obtain  cultures  con- 
"lOerable  portions  of  comminuted  tissue  should  be  transplanted  to  agsr- 
^w  and  poured  into  plates.  The  dysentery  bacillus,  even  in  these 
•"^latioiis,  is  accompanied  at  timoa  by  tho  colon  bacilUts,  which  in  fluid 
"iltures  is  likely  to  overgrow  the  former.  These  secondary  loci 
*'  <ettlomeQt  of  the  dysenteiy  bacillus  do  not  appear  to  be  centres 
"'  *ctive  multiplication.      The  bacilli    are  difficult  to  demonstrate   in 
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sections  oi  mesenteric  glands  and  liver,  but  this  may  be  aacribed  either 
to  small  numbers  or  to  failure  due  to  the  want  of  a  selective  staimni 
method.  Whether  these  localisations  play  an  important  part  in  tk 
production  of  the  constitutional  symptoms  of  dysentery  is  not  knovi 
The  dysentery  biicillus  produces  an  active  poison,  which  causes  not  ooij 
the  constitutional  symptoms  but  also  the  local  intestinal  lesions  of  tki 
disease.  Hence  every  focus  of  development  of  the  bacilli  witliin  th 
body  adds  materially  to  the  toxic  effect  produced  by  the  bacilli  developioj 
in  the  intestinal  wall  and  contents. 

The  questions  of  priority  of  discovery  and  confirmation  of  the  bacilliB  u 
dysentery  have  aroused  much  discussion.     Those  who  have  participated  chivfl] 
in    the    contention   are    Chantemesse    and    Widal,   Celli,    Shiga,   and   Kme 
Accord in«{  to  our  present  knowledge  neither  Chantemesse  and   Widal  (1888 
nor  Celli  (1896)  could  have  been  dealing  with  the  Shiga  dysentery  badllvi 
The  former  authors  state  that  their  bacillus,  when  administered  by  the  moatt 
or  injected  into  the   rectum  or  into  the  intestine  after  laparotomy,  or  eia 
introduced  by  direct  intraperitoneal  inoculation,  sets  up  in  guinea-pigs  intMtiiil 
lesions  resembling  the  dysenteric  lesions  in  man.    It  is  now  definitely  establiibed 
that    none  of   the  types   of  the   dysentery  bacillus    is   capable  of  prodttoy 
diphtheritic  or  ulcerative  intestinal  lesions  in  the  guinea-pig  by  any  of  tliM 
methods  of  administration.     This  dit^crepancy  would  alone  suffice  to  ^hev  tbt 
the  bacillus  of  Cliantemesse  and  Widal  was  not  identical  with  Shigas  baofhii; 
but  it  is  also  impossible  to  identify  them  by  means  of  the  cultural  properw 
described.     As  for  the  dysentery  organisms  originally  described  by  Oelli  ad 
later  by  him  and  Fiocca  and  Yalenti,  it  is  clear  that  they  belong  to  the  cob 
bacillus  group,  since  they  not  only  ferment  sugars  with  the  formation  of  ^ 
but  bring  about  coagulation  of  milk.     Later  Celli  isolated  the  true  dswiUffl 
bacillus  ;    but  this  was  after  Shiga,  Flexner,  and   Eruse    had    described  tk 
organism.     Tlie  contention  on  priority  between  Kruse  and  Shiga  is  ibufi 
Shiga's  careful  studies  were  published  in  1898,  and  Kruse's  first  conimuniart* 
appeared  in  1900  ;  and  between  these  two  publications  Flexner  and  Barkti'^ 
report  (February   1900)  on    a  medical  expedition  to  the    Philippine  Iil»«* 
appeare<l.     In  this  report  the  isolation  of  the  Shiga  bacillus  from  cases  of  tciii 
dysentery  occurring  in  Manila  was  announced.     The  present  basis  of  diMgn^ 
ment  between  Kruse  and  Shiga  refers  chiefly  to  the  question  of  motilitjrftfci 
bacillus,  regarding  which  no  definite  conclusion  has  been  reache<l  (see  p.  490). 

In  1898  Shiga  publisheii  the  results  of  his  study  of  epidemic  dyfentcrr* 
Japan.  In  1897  there  were  89,400  cases  with  22,300  deaths.  in36ctt» 
investigated  bacteriological ly  the  dejecta  or  intestinal  mucosa  yielded  the  bacilli 
now  bearing  his  name.  It  difFered  from  the  other  organisms  isolated  fn* 
the  intestine  in  agglutinating  with  the  patient's  blood  in  moderate  dilatioQe^ 
1  :  20-50  to  1  :  130.  In  the  more  severe  cases  the  agglutination  was  luttillT' 
1:50  dilutions  or  over  ;  in  the  mild  ones  it  was  weaker  or  absent  Ud* 
cases  ag<;lutinated  weakly.  It  was  diflicult  to  obtain  the  bacilli  early  i>^ 
disease,  but  at  a  later  j^riod  the  mucous  and  bloody  stools  might  yield  il""* 
pure  cultures.  Tliey  were  plentiful  in  the  intestinal  mucosa  and  in  fresh  aW** 
or  pficudo-membranous  lesions,  and  the  deeper  layers  of  the  ulcers  gave  •!■*■ 
pure  cultures.  Shiga  found  the  bacilli  in  the  mesenteric  glands  bat  nofiia^ 
liver   or   spleen.     In    1901    he    stated   that  an  immune  serum  product  ^ 
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Illation  of  the  bacillus  into  horses  possessed  protective  and  therapeutic 
tts  in  human  ^beings.  He  inoculated  himself  with  a  culture  of  the  dead 
Uus  which,  while  it  developed  agglutinins  in  his  blood,  set  up  a  very  painful 
L  reaction. 

In  1900  Flexner*8  full  paper  appeared.  He  described  two  types  of  bacilli 
onstuntly  present  in  the  dejections  of  patients  suffering  from  acute  non- 
2bic  dysentery.  The  first  was  identified  with  the  Shiga  bacillus,  the  second 
3aciUu$  coll  communis.  Of  the  first  he  states  that  suitable  cultures,  when 
id  for  the  agglutination  reaction  with  the  blood-serum  of  per8on8  suffering 
1  dysentery — the  host  or  another  individual — give,  in  many  cases,  a  positive 
It.  The  bacillus  was  abundant  in  the  acute  cases  in  which  it  may  be  the 
loniinating  organism  ;  it  became  progressively  more  difficult  to  find  as  the 
s  passed  into  recovery  or  cbronicity.  It  was  cultivated  from  the  dejecta 
Dg  life  and  the  mucous  membrane  and  mesenteric  glands  in  fatal  cases. 

second  bacillus  varied  in  agglutination  reaction  as  the  blood  of  the  host  or 
.her  individual  was  employed.  With  that  of  the  host  there  was  frequently 
action  in  low  dilutions  ;  with  that  of  another  person  it  was  rarely  obtained. 
»ng  and  Musgrave  (1900)  continued  the  bacteriological  study  of  dysentery 
m  by  Flexner  and  Barker  in  Manila,  and  secured  from  other  cases  a  bacillus 
Bved  by  them  to  be  R  dysentervp  (Shiga).  They  propose  for  the  disease  of 
llary  origin,  in  order  to  distinguish  it  from^  the  amojbic  disease,  the  name 
cute  specific  dysentery.     Strong  and  Musgrave  give  an  admirable  clinical 

pathological  description  of  bacillary  dysentery,  but  their  bacteriological 
lies  were  merely  confirmatory.  They  studied  the  serum  reactions  of  246 
«  of  diarrha'A  and  dysentery,  without  regard  to  type  of  disease,  against  the 
entery  bacilli  isolated  by  them.  Of  these  71  cases  gave  j)romi)t  agglutina- 
19  in  1  : 1 0  dilution  ;  and  they  either  had  suffered  recently  or  were  suffering 
-he  time  from  acute  dysentery.  The  stools  of  2 1  of  these  cases  yielded  upon 
mination  the  dysentery  bacillus.  In  three  of  the  cases  with  positive  serum 
etions  amccbsB,  and  in  two  others  Trichomonas  intestirmlis,  were  found  in  the 
>lt.  The  first  are  regarded  as  examples  of  mixed  infection  of  B.  dysenterias 
I  Amceba  coli  (dysenteria:)  ;  but  as  the  dysentery  bacillus  was  not  actually 
tined  from  the  dejecta,  they  remaiu  doubtful. 

Flexner  (1901)  extended  his  investigations  of  dysentery  to  the  sporadic  and 
titutional  disease  occurring  in  America.  The  studies  were  made  by  Vedder 
i  Duval,  who  obtained  the  dysenteric  bacillus  froui  sporadic  ctises  of  the 
8Me  occurring  in  Philadelphia,  Pa.,  and  two  institutional  epidemics  at  New 
ven.  Conn.,  and  Lancaster,  Pa,  They  identified  the  bacilli  obtiiined  by  them 
h  Shiga's  Japanese  and  Flexner^s  Philippine  cultures. 

Knise  (74)  (1900)  published  his  first  communication  on  the  etiology  of 
•eatery,  based  on  the  study  of  an  epidemic  of  the  disease  and  several  sporadic 
titutional  cases.  The  organism  obtained  from  the  former  has  now  been 
ntified  with  the  Shiga  Japanese  bacillus ;  and  from  the  latter  with  Flexner's 
lula  bacillus.  Kruse  denied  all  motility  in  the  dysentery  bacillus  isolated 
him.  Serum  tests  were  made.  Tlie  serum  of  patients  after  the  seventh  day 
^Qtinated  regularly  in  a  dilution  of  1  :  50  ;  and  many  reacted  as  liigh  as 
100-250.  One  senim  reacted  in  1  :  1000  dilution.  Twenty-five  normal 
Omswere  negative  or  |>ositive  only  at  1  :  10-20  and  occasionally  at  1  :  50.  In 
>«  1901  Kruse's  second  paper  appeared.  He  discarded  his  result  of  1  :  50 
llQtination  in   normal  ])ersons,  preferring  to  believe  them  the  subject  of  a 
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previous  infectiun.     He  pointed   out  that  Flexner*8    Manila    culture   reacud 
differently  to  human  dysenteric  and  animal  immune  serum  from  hiii  bacilla 
obtained  from  the  epidemic  cases,  while  it  agreed  with  the  bacillas  obtained 
from   institutional  ctises.      These  latter  cases  he  called  *'  pseudo-dyBentm  of 
insane  asylums/'  and  proposed  for  the  bacillus  obtained  from  them  the  Doiutof 
"  pseudo-dysentery  "  bacillus.     He  studied  the  stools  of  twelve  and  the  iute^tioe 
from   two   iuiijiane  patients.      In  these   fourteen   cases  he  failed   to  isolate  u 
organism  corresponding  in  all  characters  to  the  true  dysentery  bacillus ;  hot 
from  three  cases  (one  patient  and  two  auto{)8ie8)  he  obtained  bacilli  cultunllj 
like  the  **true"  dysentery  bacillus,  but  differing  in  serum  reactions.     Tlwe 
bacilli  agglutinated  1  :  100  in  serum  from  the  insane  imtients,  and  often  1:50 
in   normal   serum.     To  the   former  serum  the  Shiga  or  true  bacilli  failed  to 
respond.     The  former  organisms  differed  in  certain  reactions  not  only  fn>m  tbe 
bacillus  of  epidemic  dysentery,  but  even  among  themselves.      Krtt£«'s  stndiei 
form  the  starting-point  for  the  differentiation  of  the  dysentery  bacillus  into 
types,  which  luis  now  been  done  on  the  basis  of  agglutination  and  the  ferment*- 
tion  of  sugars.     The  chief  researches,  next  to  those  of  Kruse,  upon  which  tk 
differentiation  has  been  based,  are  those  of  Martini  and   Lciitz,  who  sepanled 
the    mannite-fermenting    pseudo -dysentery    bacilli    so-called    from    the  Shjgi 
dysentery  bacillus.     Martini  and  Lentz  expressed  the  opinion,  based  upon  tbe 
purely  theoretical  grounds  of  difference  in  the  respects   mentioned,  that  tk 
Manila  bacillus  and  other  similar  bacilli  which  ferment  uiannite  are  not  U 
etiological  significance  in  dysentery.     This  opinion  has  now  been  abuDdantlr 
disproved  by  the  studies  of  Fiexner  and  his  pupils,  who  obtained  the  two  rrpei 
of  bacilli  from  one  institutional  epidemic  of  dysentery,  and  even  from  the  «*a* 
cases   of  the   disease,  and  by  the  investigation  of  Jiii'gens  of  an  epidemic  of 
dysentery  in  Germany  in  which  the  mannite-fermenting  or  Flczner  bacillus  w 
alone  obtained.     Similar  results  to   the  last  have  been  obtained  by  Park  ii 
New  York. 

The  confirmatory  studies  of  Marckwald,  Muller,  Jiirgens,  and  othcRii 
Germany,  S])ronck  in  Holland,  Rosenthal  in  Russia,  Doerr  in  Austria,  Vaillti^ 
and  Dopter  in  France,  and  those  of  Drigalski  in  German  troops  returning  ^ 
the  (Chinese  Boxer  war,  leave  no  doubt  of  the  causative  part  played  by  B«iflw 
dysaUeria;  Shiga  in  dysentery. 

The  crucial  exj)eriment  of  producing  dysentery  in  man  by  the  ingestioB 
of  cultures  of  the  dysentery  bacillus  was  made  by  Strong  and  Musgravew 
ji  Filipino  prisoner  condemned  to  death.  The  immediate  result  was  li* 
appearance  of  characteristic  symptoms  of  dysentery,  from  which  recoTflt 
took  place.  From  the  mucoid  stools  the  dysentery  bacillus  was  obtoinJ 
ill  cultures.  One  of  my  Jissistiints  accidentally  aspirated  into  his  mootl 
a  small  (juantity  of  a  fluid  culture  of  the  dysentery  bacillus,  and  in  spin 
of  thorough  and  immediate  disinfection  and  lavage  of  the  mouth,  a  shif 
atUvck  of  dysentery,  followed  by  recovery,  occurred. 

The  question  of  difference  in  the  clinical  forms  of  dysentery,  depw'' 
ing  upon  the  particular  variety  or  type  of  infecting  bacillus,  has  not  betf 
answered  finally.  Some  writers  have  held  that  infection  with  d* 
original  Shiga  bacillus  tends  to  cause  a  more  severe  set  of  symptoms  th* 
are  produced  by  the  Fiexner  type  of  bacillus.     Park,  of  New  York.  ^ 
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>ressed  this  view,  based  upon  a  small,  localised  epidemic  of  the  disease 
Adults ;  and  Charlton  and  Jehle,  pupils  of  Escherich,  have  made  a 
lilar  statement  based  upon  studies  of  certain  cases  among  infants.  My 
n  studies  do  not  bear  this  out ;  but  I  do  not  think  that  at  ])resent 
ficiently  accurately  collected  data  exist  upon  which  to  decide  finally  this 
tier.  I  have  seen,  in  the  same  epidemic,  cases  of  dysentery  in  adults 
seel  by  either  bacillary  ty^^e,  and  they  ran  about  the  same  clinical 
;rse  ;  and  it  would  be  difficult  to  establish  severer  forms  of  lesions  of 
intestine  than  those  in  Manila  from  which  1  cultivated  the  original 
nnite-fermenting  dysentery  bacilli.  As  a  rule,  however,  dysentery 
ms  to  be  caused  by  one  type  or  the  other ;  the  occurrence  of  cases 
Lsed  by  both  in  a  given  outbreak  of  the  disease  would  appear  to  be 
:eptional.  That  mixtures  of  types  may,  however,  occur  in  the  same 
iividual  has  already  been  pointed  out ;  and  the  collective  investigation 
diarrhoeas  in  children  by  the  Kockefeller  Institute  in  1 903  brought  out 
5  fact  that  this  mixture  of  types  is  true,  not  only  for  the  "  Shiga " 
d  "  Flexner  "  types  of  bacilli,  but  also  for  the  "  Shiga  "  and  subsidiary 
Lnnite-fermenting  varieties  of  the  organism.  Knox  and  Schorer  have 
iblished  a  series  of  cases  in  children,  studied  at  the  Wilson  Sana- 
lium,  Baltimore,  from  which  they  draw  the  conclusions,  first,  that  in 
iildren  no  relation  exists  between  the  types  of  infecting  dysentery 
Bcilli  and  the  clinical  course  of  the  disease  or  the  lesions  of  intestine  as 
Bvealed  at  autopsy  ;  and  secondly,  that  the  mixtures  of  bacilli  may  involve 
.ny  two  or  even  more  of  the  recognised  varieties  of  the  micro-organism. 
Oie  studies  made  by  the  Rockefeller  Institute,  and  the  more  recent  ones 
rf  Torrey,  and  Knox  and  Schorer,  all  tend  to  shew  that  in  children  the 
nfecting  bacillus  is  most  frequently  one  of  the  man nite-fermen ting 
IJCcies. 

An  advance  in  the  knowledge  of  the  dysenteric  bacillary  diseases  has 
^n  made  })y  the  discovery  of  Duval  and  Bassett  that  the  summer 
wrhoeas,  so  called,  which  prevail  in  warm  temperate  climates  are 
'^uently  caused  by  the  dysentery  bacillus.  A  considerable  number  of 
4ildren  suffering  with  this  disease  has  now  been  investigated  bacterio- 
Ogically,  chiefly  under  the  auspices  of  the  Kockefeller  Institute,  and 
•parate  studies  have  been  made  by  the  Health  Department  of  the  City 
i  New  York  and  private  investigators  in  several  cities  in  the  United 
^tites.  From  50  to  98  per  cent  of  successful  cultivations  of  the  dysentery 
•cillus  from  the  stools  and  intestinal  mucosa  of  children  were  secured, 
lat  the  winter  diarrhoeas  of  children  are  associated  in  a  similar  manner 
^th  the  dysentery  bacillus  is  shewn  by  Wollstein's  confirmatory  studies 
k  the  Babies'  Hospital  in  New  York  City.  These  studies  in  children 
*ve  brought  convincing  evidence  of  the  occurrence  of  single  and  nniltiple 
lyientery  bacillus  infections.  The  rule  is  not  yet  established  for  the 
yp68  of  infection  most  frequently  met  with,  except  that  the  mannite- 
Wnaenting  bacilli  are  more  commonly  found  than  the  Shiga  type, 
'^kich  of  the  mannite  fermenters  is  the  prevailing  micro-organism  has 
^  yet  been  determined.     The  results  obtained  by  Duval  and  Schorer  in 
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New  York  in  1903  shewed  grout  prepoiirleruiice  (A  the  Klexner  typed 
itacilliis.  Uf  seventy-four  ciiildren  yielding  the  dy§eniery  bncillua  ievm 
teen  shewed  the  Shiga  typo  of  org&nism ;  in  eleven  it  existed  tlnet, 
iind  in  six  in  aBsocintioii  with  the  Hexner  Imcilliis.  They  conolnde  ihti 
"single  infection  with  thu  Flexner  type  of  hscillus  is  moat  vanunoa, 
single  infoction  with  the  Shigu  type  of  Itiicilliifi  is  hw  less  comman,  *nd 
double  infection  with  both  organisms  is  least  eonitiion  in  the  <Uarrfa«l 
diseases  of  children." 

It  is  exceedingly  doulitful  whether  these  conclusions  will  be  {ounl  U 
hold  for  a  larger  iind  more  varied  material,  and  lUready  there  nm  ini]i» 
tions  that  they  cannot  he  generally  applied.  Knox  and  Schurci's  studiet 
at  the  Wilson  Sanatorium  in  1  905  brought  out  the  interesting  poitil  tbti 
the  manniCe-fermenting  Biib-type  y  bacillus  may  occur  even  more  fi^qiwitl; 
than  the  Flexner  bacilliia,  and  that  infections  with  two  or  more  types  of 
bacilli  are  more  numerous  than  infection  with  the  Shiga  type  of  l«nl]» 
alone. 

The  intestine   contains  such  a  large  and  vurie<l  baeterial  flora  thtl 
other  unusual  bacilli  must  be  expected  to  appear  in  certain  culturee  Emni 
dysenteric  cases;   and  hence  it  is  not  surprising  to   find   thai  cwtun 
other  bacilli  not  yet  classified  have  excited  the  attention  of  stiidentc  of 
dysentery  and  diurrhfea.     Of  all  those  bacteria  two  grou|«  only  dewrw 
at  this  lime  special  mention  :  a  dysentery-like  bacilhis  wliich  femteil* 
many  sugars,  including  lactose,  without  the  formation  uf  gas,  and  eoagn 
tates  milk  ;  and  a  t)acilluB  acting  merely  on  dextrose,  but  producing  much 
alkali   in    milk   and   other  culture   media.      The   first  approachn  I^ 
Flexner,  and  the  second  the  Shiga  type  of  dysentery  bacilli.     None  ^ 
the  established  dysentery   bacilli  ferment  lactose ;  and  as  this  butotf- 
splitting  bacillus  has  not  been  proved  to  l>ear  direct  relation  to  inUaUtfl 
disease,  it  shoiUd  tor  the  present  Ije  discarded  entirely.     The  same  ia  mt* 
of  the  "alkaline"  luuiilluiS,  which  resembles  in  some  features,  but  ia  no^ 
identical  with,    Petruschky'a    bacillus.       Duval  and  Schorer    first   dre* 
attention  to  these  bacilli  in  children,  and  Torrey  and  Knox  and  Sohor* 
have  described  them  in  greater  detail.     Torrey  proposed  to  call  till 
pseudo- dysentery  bacilli — a  manifestly  ill -chosen  term,   for,   as  ih 
probably  are  mere  saprophytes,  they  should  not  bo  dignified  by  n  ml 
tliat  can  only  lie  misleading. 

There  can  Iw  no  iloubt  that  the  discharges  do  not,  ae  a  rule.  coBU 
the  bacilli  of  dysentery  in  such  numbers  or  combinations  as  make  it  p 
silile  to  recover  them  aa  readily  or  in  as  large  numbers  as  from  t 
intestinal  mucosa.  This  was  my  experience  In  tropical  dysentery,  a 
Vodder  and  [Inval's  as  regni-ds  asylum  dysentery,  and  was  fiirther 
firmed  by  Duval  and  Biissett,  and  ^VoUstein  and  Dewey.  It  is  inU 
ing  t"  note  that  gentle  scraping  of  the  rectal  mucosa  during  life  » 
yield  material  from  which  the  dysentery  bacillus  m.iy  be  recovered  wh' 
it  lias  not  been  isolated  from  the  natural  intestinal  discharges,  aod  ti 
most  constant  results  are  obtained  from  deeper  scrapings  of  the  roucun 
the  intestine  foil  iiairieai,  the  autopsy  having  been  made  soon  after 
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The  intimate  relationship  of  the  bacillus  of  dysentery  to  the  substance 
lie  mucosa  of  the  intestine,  in  which  locality,  under  pathological  con- 
ons  at  least,  it  seems  able  to  survive  and  multiply,  is  of  considerable 
lificance;  and  the  reverse  observation,  which  shews  that  this 
ikiiism  increases  far  less  readily  and  is  quickly  overgrown  in  dis- 
n^es  when  once  outside  the  body,  can  be  interpreted  as  indicating 
c  it  is  lo«s  well  adapted  for  a  saprophytic  than  for  a  parasitic  existence. 

The  collective  investigation  carrietl  out  by  the  Rockefeller  Institute  in 
►  3  shewed  the  wide  distribution  of  the  bacillus  of  dysentery.  The 
1:1  ral  habitat  outside  the  body  of  the  micro-organism  is  not  known,  and 
Loe  its  mode  of  entrance  into  the  intestine  is  still  doubtful  in  many 
tances.  The  bacillus  has  not  yet  been  found  in  our  surroundings,  and 
cnown  only  as  occurring  in  the  intestine  and  very  rarely  elsewhere  in 
man  beings.  What  is  known  of  its  pathogenicity,  as  obtained  from 
3  study  of  outbreaks  of  dysentery  in  adults,  would  lead  us  to  suppose 
3kt  it  led  a  parasitic  existence  in  the  body  of  human  beings,  was  not 
e  of  the  intestinal  saprophytes,  and  gained  entrance  into  fresh  human 
fits  through  some  mediate  agency,  such  as  water,  directly  contaminated 
'  an  infected  person.  We  are,  however,  confronted  by  the  extraordinary 
•ervation  that  the  dysentery  bacillus  can  be  found  in  almost  all 
ildren  who  suffer  from  diarrhoeal  disease,  in  many  of  whom  the 
^ptoms  are  slight  and  transient,  and  clinically  of  almost  no  conse- 
lence.  Moreover,  this  diarrhoeal  affection  does  not  present  the  appciir- 
^ce  of  an  epidemic  disease,  least  of  all  of  a  water-borne  epidemic 
•ease,  which  might  account  for  the  great  prevalence  of  the  Imcillus.  It 
rises  throughout  the  warm  months  of  the  year  chiefly,  in  fairly  regular 
accession,  and  without  any  indications  of  explosive  violence.  A  point 
{ difference  in  the  mode  of  spread  of  the  adult  and  children's  infections 

•  *t  first  sight  apparent.  While  the  former  often  extend  with  epidemic 
•verity,  the  latter  do  not  present  the  features  of  a  spreading  epidemic, 
lie  cases  in  children  seem  to  be  examples  of  individual  inoculation, 
•Ithough  Bassett  has  described  examples  of  contagion  from  child  to  child. 
BiiB  last  occurrence  can  be  compared  with  8}X)radically  communicated 
'ifections  sometimes  seen  in  institutions  containing  many  aged  and  decrepit 
•Mnates,  and  possibly  with  the  endemic  disease  in  the  tro[)ics,  which 
knirishes  less  as  an  epidemic  than  as  a  sporadic  disease,  arising  in  the 
i^v  cases  from  a  common  source  of  occasional  infection. 

That  children  are  also  subject  to  infection  during  the  prevalence  of 
pidcmics  of  dysentery  is  established.  There  is  little  leseniblance 
f*  the  condition  found  in  epidemic  diarrhoeas  and  in  epidemic  dysentery 
>BOng  children  except  in  the  nature  of  the  infecting  bacilli.  'I'lie 
^•parity  in  the  clinical  course  and  morbid  anatomy  would  stamp  them 

•  wholly  distinct  and  independent  dise^ises  were  it  not  that  the  same 
•Oogenetic,  causative  micro-organism  has  been  found  to  occur  in  ])oth 
••868  of  cases.  In  morbid  anatomy  the  diarrhavil  diseases  are  far  from 
*Diing  a  unit,  while  epidemic  dysentery  in  adults  and  chihlren  is  usually 
P^udo-membranous  or  diphtheritic  form  of  infianimation. 


The  results  obtained  by  the  American  investigiitora  of  thcdian^ 
diseases  of  children  bnve  not  always  been  coutirmed  by  European  iQtGili' 
gntors.  Charlton  and  Jehle,  who  cultivnteil  dysentery  bnciUi  of  the 
Shiga  and  the  Flexner  type  from  children  suffering  either  from  dysfr 
tery  or  what  they  regarded  as  a  form  of  food-poisoning,  failed  to  iat 
either  bacillus  in  n  group  of  uhildren  presenting  the  symptoms  of  gnmnur 
diarrhoea.  This  discropanoy  has  not  yet  been  cleared  up.  Na- 
tive results  are,  however,  at  beat  suspicions  in  comparison  with  podtjic 
ones ;  and  hence  it  must  still  remain  doubtful  whether  this  -last  group  of 
cases  should  be  regarded,  as  Charlton  and  Jehle  are  disposed  lo  c<uindir 
them,  as  colon  bac^illtis  infections. 

It  has,  of  course,  occurred  to  all  investigators  of  the  pathtJogbl 
conditions  supposed  to  be  due  U>  the  dysentery  bacillus  to  scnrcb  for  tb 
dysentery  bacillus  in  healthy  persons.  The  common  eicperiencti  hn  been 
failure  to  lind  it  among  the  intestinal  becterial  flora.  The  conunai 
occurrence  of  the  bacillus  in  children  sufl'enng  from  diarrhcoa  neceedislai 
renewe<l  and  painstaking  search  for  the  organism  in  healthy  childrtn. 
Duval  and  Schorer  wei-e  able,  by  examining  the  stools  of  two  bculthj. 
milk-fed  infanta  lo  whom  cathartics  had  been  administered,  to  isobu  * 
few  colonies  of  the  Flexner  bacillus.  The  Flexnei'  type  has  been  obtaiMJ 
from  two  healthy  children  by  Charlton  and  Jehle.  Wollsiein  also  colli- 
vate<l  small  numbers  of  this  bacillus  from  three  children  not  suppMeH  lo 
be  suffering  from  diarrhceal  disease,  but  at  autopsy  the  intestines  shtwti 
inflammatory  lesions  in  all.  The  unexpected  finding  of  the  dy»cnl«T 
bacillus  in  healthy  children  opens  up  a  considerable  field  of  speculation  u(nit 
the  real  pathological  significance  of  the  organism.  It  would  seem  as  if " 
had  no  grounds  Tor  denying  it,  in  many  pathological  cases,  significance :  ^ 
presence  of  the  agglutination-reaction,  the  increasing  number  of  oi^isv 
in  the  discharges,  the  close  relationship  of  the  bacilli  to  the  ii)t«iiul 
mucosa,  afford  ample  proof  of  pathogenetic  actioiL  Adnitlting  the  p<"- 
sibility  that  the  l^cillua  of  dysont«ry  is  after  all  an  occasional,  periiai»* 
constant,  inhabitant  in  some  parts  of  the  intestinal  canal,  where  it  surrive^ 
saprophytically  among  the  other  intestinal  bacteria,  it  might  be  «in- 
sidered  whether  repeated  and  extensive  damage  to  ihe  intestinal  muo<** 
or  functions  may  not  allow  the  freer  growth  of  the  organism,  •»" 
eventually  the  acquisition  of  (larasitic  and  invasive  properties. 

There  is  reason  to  believe  that  in  certain  instances  in  which  a  spec!*' 
of  micro-organism  is  constantly,  perhaps  even  normally,  present  in  tb* 
iiody   in  a   non-virulent  condition,   the  importation  from  without  of 
highly  pathogenetic  example  of  the  same  species  ushers  in 
with  this  micro-organism.     It  is  necesaaiy  in  such  cases  to  distingni 
between  auto-  and  extra-infections  with  the  given  parasite.     This  WM 
seem  to  be  required  in  some  cases  of  lol»ir  pneumonia,  especially  in  « 
nexion   with  the  relatively  rare  institutional  epidemics  of  the  di 
And  thoie  is  evidence  that  the  cholera  spirillum,  the  typhoid  bacillus,    ^^ 
tubercle  bacillus,  the  diplococcns  of  epidemic  meningitis,  as  well  u  t« 
pus  cocci,  may  all  occur  occasionally  or  constantly  in  the  body 
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less  saprophytes.  That  the  epidemiology  of  the  dysenteric  disease  will  be 
greatly  influenced  by  the  knowledge  of  the  wide  distribution  of  the  Shiga 
bacillus  is  evident. 

Dysentery  as  a  terminal  disease  in  adults  the  subject  of  chronic 
Bright's  disease,  cirrhosis  of  the  liver,  and  chronic  heart  disease  would 
appear  from  my  observations  to  be  of  bacillary  origin.  In  several  such 
instances  Bacillus  dysenieiim  was  obtained  in  cultures ;  and  Rowland  has 
drawn  attention  to  a  similar  terminal  infection  with  B,  dysenkria'  in  chil- 
dren the  subject  of  wasting  diseases. 

The  length  of  time  during  which  the  dysentery  bacillus  may  survive 
ill  the  intestine  is  still  undetermined.     That  it  can  persist  there  for  many 
weeks,  after  partial  or  complete  recovery  from  dysentery,  is  certain.     In 
an  American  soldier,  invalided  from  Porto  Rico  for  dysentery  contracted 
during  the  Spanish  War,  I  shewed  that  the  bacillus  survived  in  the  intes- 
tine, and  produced  relapses,  |pr  many  months.     Lentz  and  Drigalski  both 
speak  of  relapses  of  dysenteric  symptoms  with  reappearance  of  the  bacilli 
in  the  stools ;   and  Conradi   obtained  the  dysentery  bacillus  from  five 
children  who  had  entirely  recovered  from  acute  dysentery  and  whose 
stools  had  become  normal,  and  from  a  convalescent  four  weeks  after  his 
illness.     Ruge  describes  the  case  of  a  soldier  completely  recovered  from  an 
attack  of  dysentery  acquired  in  the  Doberitz  epidemic,  who,  on  returning 
to  his  home,  suffered  from  slight  looseness  of  the  bowels,  and  became  the 
source  of  infection  for  a  small  local  outbreak  of  dysentery.     That  the 
convalescent  and  the  slightly  ill  may  be  carriers  of  dysentery  bacilli  must 
be  taken  into  account  in  establishing  the  epidemiology  of  dysentery,  and 
may  serve  to  explain  many  of  the  outbreaks  of  dysentery  which  occur  in 
localities  and  under  conditions  in  which  large  numbers  of  persons  are 
closely  assembled,  such,  for  example,  as  public  charitable  and  reformatory 
institutions  and  army  camps. 

Morbid  Anatomy  of  Bacillary  Dysentery. — The  character  of  the 
intestinal  lesions  produced  by  the  Bacillus  dysevterm  is  very  variable. 
Any  analysis  of  the  lesions  must  fii*st  deal  with  the  widely  diverse  condi- 
tions met  with  in  adults  the  subjects  of  the  epidemic,  endemic,  or  sporadic 
infection,  and  in  children  suffering  from  epidemic  or  true  sporadic 
'lyseiite'-y,  and  presenting  the  more  diverse  symptoms  and  lesions  of  so- 
^lled  summer  diarrhcea  of  warm  countries. 

The  most  definite  dise^ises,  as  based  upon  morbid  anatomy,  are  the 

^idemic    and    endemic   dysenteries    proper,    which    may    be    acute    or 

^^^ronic.     In  the  acute  disease  the  intestines  present  catarrhal,  pseudo-mem- 

•^^nous,  and  ulcerative  lesions.     The  catarrhal  process  may,  in  very  mild 

examples  of  the  disease,  be  alone  present ;  it  is,  as  a  rule,  associated  with 

r       the  other  more   severe    lesions   of  the   disease,    which    aftect   a    much 

,      fnaller  |>art  of  the  intestinal  canal  than  its  does.     While  the  diphther- 

\       *tic  and  ulcerative  effects  are  usually  limited   to  the   large   bowel,    the 

^tarrbal  process  may  include  as  well  more  or  less  of  tlie  small  intestine. 

"*he  intestinal  catarrh  is  not  peculiar  to  dysentery,  and  does  not,  there- 

'^**e,  call  for  special  description  here.     Since  these  pathological  changes 
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<are  initiated,  if  not  caused  wholly,  by  one  species  of  micro-organinn,  tkir 
description  should  follow  not  as  separate  diseases  but  as  different  mun- 
festations  of  the  same  disease. 

Dysentery  in  adults  and  the  epidemic  and  rarer  sporadic  diBeaae  in 
children  shew  the  same  kinds  of  pathological  changes  in  the  intestiDe. 
The  peritoneal  cavity  is  relatively  normal  in  appearance ;  but  on  dan 
inspection  an  undue  turgidity  of  the  blood-vessels  of  the  large  intotine 
may  be  noted,  and  more  rarely  the  vessels  of  the  lower  part  of  the  ileum 
arc  also  injected.  The  mesenteric  lymphatic  glands,  especially  those  d 
the  rectum  and  sigmoid  flexure,  are  hyperaemic  and  swollen,  while  the 
glands  placed  higher  up  in  the  abdomen  shew  less  swelling  or  are  entire)! 
unaffected. 

The  appearance  of  the  small  intestine  varies.  The  mucosa  mty  be 
pale  and  the  contents  normal  in  appearance ;  or  there  may  be  incrette  in 
quantity  of  the  contents.  In  many,  but  n(^  in  all,  cases  the  small  bovel 
escapes  more  serious  lesions.  But  in  severe  cases,  and  especially  in  titf 
severe  epidemics  and  in  endemic  tropical  dysentery,  the  small  intestiie 
is  the  seat  of  hypersemia,  oedema,  sometimes  even  of  haemorrhage  and  tke 
production  of  false  membrane.  The  lower  part  of  the  ileum  is  the  ptrt 
of  the  small  intestine  most  frequently  involved,  although  Peyer's  patdwi 
usually  esciipe;  the  solitary  glands  may  be  swollen  and  hypeneoN; 
though  they  are  rarely  ulcerated,  thus  contrasting  with  the  frequeo^ 
of  ulceration  of  these  nodules  in  the  large  intestine. 

The  lesions  of  the  large  intestine  are  also  extremely  variable,  but  the 
more  characteristic  ones  make  up  the  classical  pathological  pictnre  of 
dysentery.  The  descriptions  given  by  Virchow  in  several  {MfMi; 
especially  in  that  dealing  with  the  dysentery  of  the  troops  retorniif 
from  the  Franco-Prussian  War,  leave  very  little  room  for  additions.  Tfc 
character  of  the  lesions  depends  upon  the  stage  of  the  process,  and  it  i> 
usual  to  divide  the  disease,  upon  clinical  and  pathological  groiindi,  init 
acute  and  chronic  stages. 

It  has  been  customary,  since  Virchow's  descriptions,  to  look  upon  the 
intensity  of  the  lesions  in  the  colon  as  depending  upon  the  length  of  tia* 
the  fieces,  supposed  to  carry  the  injurious  agents,  remain  in  contact  with 
the  mucous  membrane.  Hence  the  flexures  of  the  colon,  the  cttCUBi 
and  the  ampulla  of  the  rectum  usually  shew  more  severe  and  advancd 
lesions  than  other  parts  of  the  large  gut.  This  rule  is,  however,  no* 
without  important  exceptions,  and  some  writers  have  drawn  especiJ 
attention  to  the  affection  of  certain  segments  of  the  gut.  For  exampk 
the  rectum,  sigmoid  flexure,  and  ih^o-civcal  valve  are  stated  to  be  nw*^ 
often  th«  seat  of  the  discjise  in  Cochin  China,  while  in  the  Antilles  vA 
in  the  French  Sudan  the  transverse  colon  is  believed  to  be  attacked  fintr 
the  rectum  becoming  affectod  later.  My  observation  of  the  endeflrf 
bacillary  dysentery  of  the  Philippines  led  me  to  conclude  that  in  tW 
severer  cases  the  mucosa  of  the  whole  of  the  colon  suffered  unifomfT* 
and  tliis  is  confirmed  l>y  Strong  and  Musgrave. 

The  acute  lesions  are  first  seen  on  the  elevations  of  the  folds  of  *•• 


DYSENTERY  505 


mucosa;  from  these  localities  they  extend  to  the  lower  levels.  The 
kuons  consist  of  swelling  and  necrosis  of  the  mucous  membrane,  with 
{Mudo-membrane  formation.  The  surrounding  mucous  membrane  is 
bjpenemic  and  oedcmatous,  often  htemorrhagic,  and  covered  \vith  nuicus 
of  a  glassy  appearance,  which  is  often  blood-stained.  This  material  has 
been  compared  by  Ziegler  to  white  of  egg.  Later  on,  the  i>ale  colour 
of  the  pseudo  -  membrane  alters,  and  becomes  a  darker  greyish  -  green 
tint  The  false  membrane  does  not  extend  uniformly  and  continuously, 
tmt  spreads  out  irregularly  and  from  separated  islands  of  deposit.  The 
result  is  an  irregularly  figured,  elevated,  whitish  or  discoloured  pseudo- 
membrane  surrounded  by  deeply  congested  mucous  membrane.  The 
insistence  of  the  wall  is  increased  by  reason  of  the  infiltration  of  the 
mucosa  and  submucosa.  As  has  been  mentioned,  the  solitary  lymphatic 
j^ands  become  enlarged  and  sometimes  soften  and  ulcerate  in  the  centre. 

Ulceration  of  the  mucosa  is  common  in  this  stage  of  dysentery.  It  is 
btought  about  by  the  separation,  by  means  of  localised  inflammation, 
■nd  possibly  through  the  agency  of  secondary  invading  micro-organisms, 
of  the  necrotic  mucous  membrane  and  false  membrane.  The  ulcers, 
therefore,  depend  in  superficial  extent  and  depth  upon  the  degree  of 
pwvious  necrosis.  Not  infrequently  adjacent  areas  of  necrotic  membrane 
•w  separated  and  cast  ofl",  thus  giving  rise,  by  continuity,  to  large  ulcers. 
Hence  the  great  variation  in  size,  form,  and  depth.  The  ulcers  usually 
pi^nt  a  clean  surface,  the  edges  are  generally  elevated,  and  the  base 
■*y  be  formed  by  the  submucous  or  even  by  the  muscular  coat ;  the 
•UCers  are  rarely  confined  to  the  mucous  membrane.  Exceptionally  all 
4«  coats  of  the  intestine  are  involved  in  the  destnictive  process  and  the 
•Bfosa  is  perforated.  By  reason  of  this  continuity  of  extension  large 
*ea8  of  the  gut  may  be  undermined,  and  sloughs  of  the  tissue  of  coiTe- 
ponding  size  may  be  separated  and  be  passed  in  the  motions,  or,  if 
Uaperfectly  separated,  may  be  found  adhering  to  the  ulcei-s.  When 
ioeration  |>enetrates  deeply,  inflammation  of  the  peritoneum  often  sets 
)  and  leads  to  localised  exudate  upon  the  serosa,  and  also,  at  times,  to 
ditesion  to  neighbouring  loops  of  intestine.  These  localised  inflfim- 
kations  may  eventually  give  rise  to  pennanent  thickening  of  the  gut 
nd  to  pathological  adhesions  and  kinks.  Actual  suppuration  of  tlie 
lucosa  never  occurs  in  uncomplicated  cases  of  bacillary  dysentery. 
I^hen  much  pus  is  present  in  the  exudations,  large  numbers  of  pyogenetic 
)cci — streptococci  chiefly — will  bo  found  to  be  present. 

The  process  of  repair  may  begin  at  any  stage  of  the  diseiise  and 
regress  to  complete  restitution  of  the  intestine,  or  to  such  jKirtial 
ntitution  as,  while  restoring  largely  the  integrity  of  the  mucosa, 
iives  the  submucous,  muscular,  and  peritoneal  coats  permanently  altered 
►y  cicatrisation.  Even  the  mucosa  is  altered  by  the  new  tissue  which 
^•ds  to  puckering  of  its  surfaces  and  modifies  the  glandular  structure. 

In  the  chronic  disease  the  whole  intestine  is  thickened,  indurated, 
nore  or  less  narrowed  with  corresponding  dilatations  above  the  strictures, 
^c  serous  membrane  covering  the  thickened  loops  of  intestine  may  be 
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pigmented,  The  surface  of  the  mucosa  is  often  dull  in  appeannc«,  ud 
pigmented  depressed  areas — the  scars  of  healed  ulcers — are  often  prauu. 
The  pigmentntion  extends,  at  times,  into  the  adjacent  normal  raucoK 
Islande  of  mucous  membrane,  separst«d  by  depressed  sciirB,  often  peniii, 
and  by  cicatricial  contraction  are  thrown  into  undue  prominence  ;  in  Uiit 
WHy  arens  of  mucos.1,  partly  strangulated  by  Bcar-tissue,  may  give  ibe 
surface  of  the  intestine  .1  polypoid  appearance. 

The  full  etiology  of  the  chronic  forms  of  dysentery  which  succeed  1 
small  proportion  of  cases  presenting  at  the  outset  acute  symptoms  haiyirt 
to  be  worked  out.  The  probability  that  mixed  and  perhaps  muitiplf 
infections  have  occurred  is  a  strong  one.  That  the  pyogenetic  cocci  pUy  1 
part  in  bringing  about  the  final  results  seems  likely  ;  and  the  colon  bicii 
may  even  not  he  wholly  innocuous  as  the  blood  sometimes  shews  a^v 
tination  for  them.  In  keeping  with  this  long  period  of  intoxitaiiw 
the  wall  of  the  intestine  sometimes  shews  amyloid  change.  Unlnt 
reinfection  biis  taken  place,  acute  lesions,  such  as  hieniorrhii^  ur 
the  formation  of  false  membrane,  are  absent.  But  exacerhatjnnt  m 
80  common  that  it  not  infrequently  happens  that  small  extra  vasal  ions  d 
blood  and  areas  of  necrosis  and  false  membrane  co-exist  with  the  stanaf 
a  more  ancient  disease.  Should  separation  of  the  necrotic  tissue  bnw 
occurred  then  recent  ulcerations  may  be  present  also.  It  is  not  ran  to 
find  the  several  stages  of  the  disease  existing  side  by  side ;  but  in  lb 
chronic  disease  the  acute  lesions  are,  as  a  rule,  subordinated. 

The  mirroscopiait  apiuvimiwes  vary  with  the  stage  and  inteiiBtty  of  lfc» 
disease.  The  characteristic  histological  changes  are  found,  in  the  wW 
disease,  in  the  mucous,  submiicous,  and  muscular  coats,  and  are  IM^ 
marked  in  the  first  situations.  It  is  impossible,  in  a  brief  space,  to  coW 
the  varying  microscopical  appejirances,  and  hence  a  description  of  ifcs 
severer  lesions  only  will  be  given. 

The  changes  of  the  mucous  membrane  consist  of  coagiilative  necws* 
with  exudation  of  fibrin  and  polymorphonuclear  cells.  The  fihrinouisiHl 
cellular  exudat«  may  entirely  replace  the  glanclulnr  layer,  in  the  affect^ 
parts,  or  here  and  there  a  gland  may  be  preserved.  The  pseud&'iMa' 
bntne  is  a  close-meshwl  network  of  fibrin  enclosing  mullinuclear,  rfua 
fragmented,  cells.  Often  no  blood-vessels  can  be  distinguished,  bul  ^ 
number  of  red  blood-corpuscles  are  mingled  with  the  exudate  and  li«  fn» 
upmn  the  surface.  The  muscularis  mucosic  may  be  lust  in  the  exad 
The  chief  change  in  the  siibmucosa  is  the  thickening  of  the  wall  of 
gut.  The  part  which  tends  to  lie  most  affected  is  the  layer  next 
rauscularia  mucosa.  Haemorrhage,  fibrin,  and  cellular  accumulaUot* 
occur  there  in  irregular  distribution.  In  the  deeper  jtarta  the  criluU' 
infiltration  is  less,  hut  cedema,  fibrin,  and  hiemorrbages  are  correspond- 
ingly increased.  The  exuded  white  corpuscles  consist  chiefly  of  Uni* 
plasma-cells,  which  are  collected  into  foci,  often  almut  veins  and  arttfM" 
but  they  occur  also  singly  ami  in  small  gi-ou{>8.  A  variable  numha  ' 
polymorphonuclear,  neutrophilic,  and  eosinophilic  cells  are  also  present 

The  inflammation  in  the  deeper  parts  of  the  intestinal  wall 
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&Uy  beyond  the  limits  of  the  diseased  mucous  membrane,  and  in  the 
lucosa  the  exuded  cells  may  intermingle  with  lymphoid  cells.  The 
1-vessels  of  the  submucosa  may  be  patent  and  congested,  the  blood 
lining  an  excess  of  white  elements ;  or  they  may  shew  recent 
cytic,  hyaline,  and  fibrinous  thrombi.  Hyaline  degeneration  of  the 
far  walls  does  not  occur  in  this  stage.  Dilated  lymphatic  spaces 
ontain  fibrinous  clots.  The  muscular  coat  shews  a  variable  cellular 
.t^ion  consisting  of  red  and  white  corpuscles,  but  the  peritoneal 
as  a  rule,  escapes  invasion.  When,  however,  the  ulceration  has 
e<i  deeply  into  the  muscular  coat  the  serous  membrane  is  covered 
fibri no-purulent  exudate,  corresponding  in  extent,  more  or  less, 
le  area  of  tissue  destruction. 

^  process  of  repair  consists  in  the  formation  of  granulation-tissue 
depth  and  from  the  sides  of  the  ulcer.  Gradually  the  defect  is 
ci,  but  the  histological  regeneration  of  the  several  coats  is  imperfect, 
ajmentation  of  the  scar  and  adjacent  mucous  membrane  is  due  to 
ri. -containing  blood  pigment — haemosiderin — which  reacts  with  the 
t:he  intestine  to  produce  iron  sulphide.  The  appearance  of  similar 
►i^mented  areas  in  the  serous  coat  follows  punctiform  extravasa- 
E^    the  blood  into  this  membrane. 

Ei   follicular  ulcerations  are  frequently  the  results  of  suppuration  of 
^ted  crypts  of  Lieberkiihn. 

-t^eria  are  abundant  in  the  fibrinous  exudation  in  the  mucous 
s^Tie,  and  consist  of  cocci  and  bacilli.  In  specimens  stained  by 
•  or  Weigert's  methods,  large  numbers  of  cocci,  in  short  chains  or 
»  can  be  seen.  Other  specimens,  stained  in  alkaline  methylene  blue, 
l>€8ide  cocci,  many  bacilli  of  the  colon- typhoid-dysentery  bacilli 
>logy.  The  bacteria  are  abundsfrit  in  the  necrotic  mucous  mem- 
l>ut  they  are  less  easily  found  in  sections  in  the  deeper  tissues, 
ijacent  preserved  glands  often  shew  bacilli,  which  may  be  dis- 
i  in  the  submucous  and  muscular  tissue,  but  less  often  than  might 
octed.  There  is  no  means  of  distinguishing  the  dysentery  bacillus 
>logically  from  other  intestinal  bacilli  of  the  same  group, 
^ile  bacillary  dysentery  in  adults  is  a  disease  possessing  a  fairly 
^  morbid  anatomy,  and  while  epidemic  dysentery  in  children  agrees 
tp>toms  and  in  morbid  anatomy  with  that  disease  of  adults,  the 
3xy  l)acillus  infections  in  children,  which  arise  sporadically  and 
^^lly  in  warm  climates,  present  the  greatest  variety  of  symptoms 
*c>ns.  Rowland  has  studied  the  gross  and  microscopic  changes  in 
''^^o  children,  in  all  of  whom  the  dysentery  bacillus  (Flexner  type) 
^«ent,  and  he  concluded  that  all  grades  and  types  of  disease,  as 
^Uhed  by  clinical  symptoms  and  pathological  lesions,  are  met  with. 
SJ'oup  of  cases  pseudo-membranous  inflammation  occurs  ;  in  another 
'^^1  intestinal  mucosa  escapes,  while  hyperpbisia  of  the  lymphatic 
*H>th  agminated  find  solitary,  with,  in  some  instances,  denudation 
Superficial  epithelium  and  "pitting"  of  the  follicles,  exist;  in  a 
►'^Up  superficial  necrosis  and  ulceration  of  the  mucosa,  not  limited 
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to  the  follicles  and  independent  of  false  membrane,  take  place;  vlule 
the  fourth  group,  which  includes  the  largest  number  of  cases,  shevsitf 
or  no  lesions  either  to  the  naked  eye  or  under  the  microscope. 

Experimental    Dysentery. — The  lower  animals,  after  being  fed  « 
the    Bacillus  di/senterue,  do    not  develop  the    symptoms    or   lesiom  <i 
dysentery.     The  dog,  which  may  succumb  to  simple  feeding  on  culturea. 
develops  diarrhoea,  and  after  five  or  six  days,  in  fatal  cases,  the  muccot 
membrane  of  the  gut  may   shew  hypersemia  and   small   hsemorrbi^ei* 
From   the  mucus,  which   is  in   excess,   the   bacillus  may   be  recoveirf 
in  cultures.      Cats  are  insusceptible  to   cultures  given   by  the  mouth 
unless  preceded  by  croton  oil,  in  which  case  the  diarrhoea  may  peniiU 
the  bacilli  be  recovered  from  the  dejections,  and,   finally,   death  msf 
result.     The  lesions  are  not  characteristic.      Lower  monkevs  are  noc 
aflfected  by  large  quantities  of  cultures,  even  when  preceded  by  crotOD  oil 
purgation.     On  the  other  hand,  almost  all  animals  respond  with  swelling 
and  illness  to  subcutaneous  injections  of  the  cultures,  whether  alive  or 
killed  at  a  low  temperature.      If  the  dose  of  bacilli  given  be  lai^  ther 
may  succumb.     Mice  and  guinea-pigs  are  relatively  susceptible  to  intn- 
peritoneal    injections   of   living   and    dead    cultures.       The    lesions  an 
inflammatory  and  not  specific. 

In  striking  contrast  to  the  absence  of  characteristic  appearances  io  \hf 
animals  mentioned  is  the  rabbit,  which  is  peculiarly  sensitive  to  certiii 
strains  of  the  dysentery  bacillus,  and  reacts  in  a  manner  which  mvA 
more  closely  resembles  the  natural  dysenteric  disease  in  man.  If  cultom 
of  the  Shiga  type  of  bacillus  be  injected  into  the  rabbit — under  the  «ka 
into  the  alxiomcn,  or  intravenously  —  diarrhoea  develops  in  a  to 
percentage  of  animals,  and  usually  ends  fatally.  Lesions  appear  son^ 
times  in  the  small  intestine,  sometimes  in  the  large  intestine,  tfnt 
times  in  both  at  the  same  time.  The  small  intestines  are  dihte' 
and  filled  with  soft,  yellowish  fseces,  and  the  Peyers  pAld* 
are  swollen,  and  punctiform  hiemorrhages  occur  in  the  mucoii! 
the  lesions  in  the  large  intestine  are  limited,  for  the  most  part,  to  tl* 
dilated  caecum,  the  vermiform  appendix,  and  the  colon  in  the  immedi*** 
neighbourhood.  The  walls  of  the  caecum,  which  shew  the  most  pt^ 
nounced  lesions,  are  greatly  swollen,  u'dematous,  ha^morrhagic,  and  tbe 
mucosa  is  often  covered  with  false  membrane.  Ulceration  occun  i> 
animals  surviving  a  few  days.  The  lymphatic  tissue  of  the  caecum  at  itt 
junction  with  the  ileum,  and  of  the  vermiform  appendix,  is  gwaJfl 
swollen.  The  pathological  appearances  presented  by  the  c«^um  rcsembk 
in  many  ways,  acute  psciido-membranous  dy.senteric  lesions  in  man. 

It  has  been  shewn  tliat  the  lesions  result  from  the  action  of  a  toxK 
substiinco,  .since  they  occur  from  the  injection  of  filtrates  obtained  fr(* 
the  Shiga  bacillus  as  well  as  from  the  bacilli  themselves.  The  susceptilwW 
of  the  rabbit  to  this  toxin  is  very  high;  ny^j^  of  a  cubic  centimetre <* 
even  less  of  a  filtrate  obtaint^d  from  an  autolysed  culture  sufficing  ^ 
j)roduce  the  lesions  and  cause  the  death  of  the  animals.  Vaillani  a"" 
Do])tcr  have  described  similar  ulceration  of  the  intestine  in  dogs  to  »lw* 
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le  dysentery  tx>xin  was  given.  Feeding  animals  with  the  toxin  or  cultures 
[  the  bacilli  has  no  visible  effects  on  the  intestinal  mucosa. 

Rabbits  also  suffer  from  paralysis  of  the  extremities,  due  to  inflanmia- 
iou  of  the  gi-ey  matter  of  the  spinal  cord,  from  intoxication  induced  by 
he  Shiga  bacillus. 

As  the  result  of  an  iijvestigation  into  the  pathogenesis  of  the  intes- 
inal  lesions  in  rabbits,  Sweet  and  I  concluded  that  the  lesions  are 
liminative  in  character.  Since  they  arise  only  when  the  toxin  reaches 
be  intestine  with  the  blood,  it  is  to  be  presumed  that  they  depend  upon 
xcretion  of  the  poison  by  the  intestine.  Wo  found,  moreover,  that  the 
oxin  is  eliminated  into  the  intestine,  in  large  part,  apparently,  with  the 
ale,  aud  that  the  presence  of  a  1)iliary  fistula  in  the  rabbit  prevents  the 
levelopment  of  the  intestinal  symptoms  and  lesions,  although  the  animal 
^  succumbs  to  the  neurotoxic  poison.  The  toxin  is,  doubtless, 
wibeorbed  in  its  passage  through  the  small  intestine,  the  elimination 
wng  gradually  effected,  chiefly  by  the  csecum,  and  in  this  way  lesions 
vise.  Direct  application  of  a  powerful  toxin  to  the  mucous  membrane 
of  the  small  intestine,  or  to  the  caecum,  partly  emptied  of  its  contents  by 
pQrgation,  does  not  lead  to  inflammation,  necrosis,  or  to  the  production 
>f  false  membranes. 

It  is  not  improbable  that  in  man  the  intestinal  lesions  of  dysentery 
»ftve  a  similar  origin.  The  dysentery  bacilli  multiply  throughout  the 
Btestine,  but  marked  damage  is  mainly  confined  to  more  or  less  special 
"Wts  of  the  large  intestine.  Absorption  of  the  dysenteric  toxin  from 
lie  small,  and  possibly  also  from  parts  of  the  large  intestine,  followed  by 
Xcretion  of  the  poison  by  specialised  areas  of  mucous  membrane,  is  what 
lay  he  assumed  to  occur  in  man.  The  influence  of  the  mechanical 
f688ure  of  the  faecal  contents  in  determining  the  localisation  of  the  lesions 
«oomes  wholly  of  secondary  importance,  and  serves  at  most  to  alter  the 
irailation  and  nutrition  at  the  site  of  contact,  through  which  either 
be  process  of  excretion  is  modified  or  the  injurious  action  of  the  poison 
ti»noted. 

The  occurrence  of  toxic,  necrotic,  and  pseudo-membranous  lesions  in 
ibbits  shews  that  the  presence  of  bacteria  in  the  membrane  does  not 
ttfHce  to  account  for  the  damage  to  the  tissues  and  subsequent  fibrinous 
tiflammation.  Since  similar  results  to  these  are  caused  by  metallic 
loifloning — especially  by  mercurial  poisoning — the  toxic  action  of  certain 
•cterial  poisons  on  the  intestine  and  of  these  heavy  metals  may  be  viewed 

•  produced  in  the  same  manner.  In  this  connexion  it  may  be  pointed 
•ot  that  Sweet  and  I  observed  that  rabbits  with  biliary  fistula)  developed 
ttuch  slighter  lesions  in  the  caecum  after  mercurial  poisoning  than  the 
ontrol  animals.  Simon  Flkxxek. 

Symptomatology. — 1.  Acu.it  Dysentery. — The  incubation  -  period  of 
•^  dysentery  extends  from  24  to  48  hours.  In  pseudo-dysentery  the 
I^Qtptoms  follow  the  exciting  cause  in  from  6  to  1 2  hours.     Dysentery  may 

*  in  suddenly ;  sometimes  it  supervenes  on  a  period  of  constipation, 
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but  more  frequently  it  begins  as  diarrhcea  which  has  DOlhing  aboiu  il  (■> 
excite  suspicion.  During  this  premonitory  jieriod  some  lotu  of  a] 
iind  genei-iil  malaise  may  be  complained  of.  When  the  loosenew  W 
.continued  foe  a  day  or  two,  defecation  begins  to  be  accompuiied  \/} 
griping,  commencing  around  the  navel  and  radiating  along  the  o 
of  the  colon.  The  stools  become  more  frequent,  and  are  passed 
nneaainess  increasing  to  straining.  The  stools  now  change 
character,  the  fwcea  of  the  diarrhueal  stage  (if  such  existed)  being  mini 
with  mucus  streaked  with  blood.  Blood  and  mucus  soon  cotithtnif 
the  entire  es'acuation,  winch  is  preceded  by  distreBsing  griping  puM 
(tormina)  and  prolonged  and  painful  straining  (tenesmus).  The  ia^Miw 
of  food  or  drink,  or  movement  of  any  kind,  provokes  a  call  lo  stool ;  but 
Apart  from  any  such  provocation  a  continiu]  desire  to  evacuate  the  bo«A 
is  present,  which  is  but  m.omentarily,  if  at  all,  relieved  by  going  tosUat 
Long-continued  straining  results  in  the  passing  of  a  small  qOiUiUlj' of 
bloody  mucus,  and  the  smaller  the  quantity  the  greater  the  ftraimn^ 
Occaaionally  small,  hard  miisses  of  fieces  (scybala)  are  passed.  AfWi 
few  days,  the  anus  becomes  inflamed  and  is  the  seat  of  burning  pus, 
bringing  on  ap^modiu  contractions,  which  at  a  later  period  givo  plial« 
relaxation  of  the  sphincter  ani,  so  that  prolapse  may  ensue.  When  till 
rectum  is  much  alTected  the  bladder  sympathises,  and  dysurtu  incrcaiMlii' 
sufTrirings  of  the  piitient.  Pressure  in  the  course  of  the  large  inteatiuc  ofui 
elicits  pain.  In  mild  cases,  fever  is  frequently  absent  or  insignificaut.  Imi 
afebrile  cases  are  not  always  free  from  daiiger.  It  is  rare  for  the  ferer  lu 
uncomplicated  dysentery  to  make  its  di'but  by  a  rigor.  When  the  ptUeul 
has  suffer'ed,  or  is  sufftiring,  from  the  malarial  infection  there  is  ofim  U 
evening  rise  of  2' or  3' F.  In  the  moi-e  intense  forms,  fever  is  present  iput 
from  malarial  complications.  Shiga  stat«s  that  in  the  dysentery  of  JB)afl 
thetemporstureofteu  rises  to  100°or  102°,  audnotseldom  to  lOl'T.  iHi 
Washbourn  and  Richards  observed  numerous  cases  of  dysentery  in  ScMtl 
Africa  with  irregular  pyrexia,  reaching  101"  to  103°  F.,  starling  ■!  ^ 
commencement  of  the  attack,  lasting  fi-om  three  to  eight  days,  and  Uliil 
coincidently  with  an  improvement  in  the  stools.  In  the  later  stages,  iIk 
pulse  becomes  weak  and  fast,  the  action  of  the  heart  rapid,  irregular,  w 
feeble.  The  appetite  is  impaired,  the  tongue  coated,  and  in  some  CiM 
a  sub-icteric  tinge  of  the  skin  is  observed.  Vomiting  is  generally  alnnk 
and  is  seldom  urgent,  unless  the  dysentery  is  complicated  with  an  inbo- 
mAtory  affection  of  the  liver.  The  urine  is  decreased.  The  uroau^ 
uric  acid  are  in  excess;  the  chlorides  diminished,  and  albumin,  if  prwnt 
at  all,  is  in  small  amount,  unless  in  the  severer  forms  of  the  dtKM 
The  blood  changes  have  not  been  much  studied.  According  to  SBOf 
and  Musgrave,  there  is  some  polymorphonuclear  leucocytods,  but  IIm'' 
not  seen  in  rapidly  fatal  cases.  The  red  corpuscles  are  at  first  roUti«^ 
increased  from  (he  drain  of  lluid  from  the  bowel,  but  fall  belov  tlif 
normal  when  blood  makes  its  appeamnce  in  the  stools.  The  stools,  ffhi* 
in  mild  cases  vary  from  15  to  fiO,  and  in  severe  cases  may  ntunber  ti" 
&  day,  are  destitute  of  faecal  odour  and  consist  at  Brst  of  mil 
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This,  at  least,  is  generally  the  case  when  the  disease  is  limited  to 
r  extremity  of  the  bowel.  After  a  time  they  assume  a  serous 
A  reddish  Huid,  mixed  with  white  flakes  and  small  flesh-like 
— the  raclure  de  boyaux  of  French  physicians — makes  its  appear- 
*hi8  fluid,  unlike  that  of  the  first  stage,  is  rich  in  albiunin ;  the 
:ly  loss  of  which  in  a  dysentery  of  moderate  severity  has  been 
1  by  Oesterlen  at  1 J  or  2  ounces — a  di-ain  which  accounts  for 
dly  increasing  emaciation  and  debility  of  the  patient.  The 
motions  have  a  nauseating,  the  serous  ones  an  oflensive  odour, 
tinctive  of  the  disease.  The  disease  may  be  arrested  or  prove 
this  stage,  or  pass  into  that  of  gangrene.     Dysentery  does  not, 

always  run  its  course  in  distinct  stages.  The  evolution  of  the 
nd  the  character  of  the  stools  vary  greatly  in  different  epidemics — 
re  so,  in  fact,  than  ordinary  descriptions  would  lead  one  to  suppose. 
3f  the  most  dangerous  and  rapidly  fatal  cases  the  stools  are  more  or 
.ent  throughout,  of  a  green  colour,  mixed  with  blood,  at  one  time 
ig  mucus,  at  another  consisting  of  a  dark  brown  offensive  fluid, 
es,  again,  there  are  vomiting  of  greenish  matter  and  copious  bilious 
for  the  first  day  or  two,  mucus  and  blood  appearing  later.  Sudden 
in  the  character  of  the  stools  indicate  danger.  Then,  it  is  to 
L  that  in  some  fatal  cases  there  is  little  complaint  of  tormina 
ssmus.  The  dysenteric  toxin  has  a  marked  influence  on  the 
md  nervous  apparatus  of  the  heart,  giving  rise  to  functional 
ices,  and  more  rarely  to  organic  disease.     Th^baut  observed  a 

very  infectious  outbreak  at  Vincennes  in  1897,  in  which  42  per 
the  patients  had  severe  functional  disturbance  of  the  heart.  In 
.  cases  there  was  slight  hypertrophy  of  the  left  and  flaccidity  and 
by  "  of  the  right  ventricle.  Nenninger  met  with  numerous  cases 
ional  heart  disease  among  German  soldiers  convalescing  from 
y  contracted  in  China.  The  symptoms  were  rapid,  weak,  irre- 
dse,  functional  murmurs,  dilatation  of  one  or  both  chambers, 
jcle  of  the  heart  apparently  undergoes  degenerative  changes  in 
ses.  Intestinal  perforation  will  be  indicated  by  symptoms  of 
ritonitis,  or  by  those  of  perityphlitis  or  periproctitis. 
renous  Dysentery. — Gangrene  may  supervene  during  the  progress 
I  attack,  or  the  symptoms  from  the  commencement  may  have  been 
al  intensity,  the  disease  rapidly  ending  in  sloughing.  One  is  almost 
in  speaking  of  a  primary  gangrenous  dysentery  in  those  cases  in 
Bath  takes  place  as  early  as  the  third  or  fourth  day.  Extensive 
g  has  frequently  been  met  with  in  the  epidemic  dysentery  of 
«  climates,  as  in  the  Glasgow  epidemic  of  1827-28,  in  the 
d  Asylum  in  the  same  years,  in  Edinburgh  in  1828,  in 
1859.  The  diagnostic  characters  of  gangi*ene  are  derived  from 
Is  and  the  concomitant  constitutional  disorder.  The  stools 
18,  of  a  dark  brown  colour,  mixed  with  pus,  thin  membranous 
»lack  flaky  sloughs  of  the  mucosa,  or  thicker,  dark  grey,  shaggy, 
i^rated  sloughs  of  the  mucosa  and  submucosa,  with  a  grumous 
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deposit  consisting  of  the  debris  of  the  disintegrated  intestine  miicA^ 
blood  and  pus.     Tulmlai'  sloughs  are  sometimes  passed.     Sir  J.  ^*' 
records  a  case  in  which  a  tubuhir  slough  al>out  a  foot  long  was  disc 
and  Dutroulau  another  in  which  12  inches  of  the  mucous  and  s>u 
coats  were  discliarged.     Both  patients  made   a  good  recovery; 
favourable  termination  in  these  cases  is  undoubtedly  rare.     The 
tutional    symptoms   of   gangrenous   dysentery   are    those   of  inc:^ 
prostration.      The   pulse   is  fast  and   weak ;   the  extremities  col 
tongue  dry,  red,  and  glazed,  or   black ;    the  urine  is  scanty,  aii 
albuminous  ;  occa8ionally  there  is  suppression. 

Towards  the  end,  in  all  forms  of  dysentery,  the  tormina  and  tei 
decrease  or  disap{>ear,  the  motions  pass  involuntanly,  the  tongue 
dry,   the   temperature  sinks,   collapse  sets  in,   and   troublesome 
announces  the  end.     The  mind  generally  remains  clear  till  the  last, 
some  cases  the  patient  falls  into  a  state  of  low  delirium. 

When  a  favourable  issue  fi'om  the  simple  or  the  gangrenous  foi 
prospect,  the  motions  become  more  healthy  and  feculent,  and  1 
(juent ;  the  urine  is  more  abundant,  the  patient  s  strength  and  ap] 
improve,  and  the  pulse,  temj)erature,  and  tongue  become  normal 
forms  of  dysentery,  or  pseudo-dysentery,  often  recover  on  the  t  — 
fourth  (lay,  while  still  in  the  mucous  stage.     More  severe  attac  i=- 
last   for  a   week   or  a  fortnight,   oi*   even  longer.      Some  cases 
fulminant  course  and  pix)ve  fatal  in  from  three  to  seven  days,        i 
without  gangrene. 

Microscopically,  the  stools  in  the  first  stage  are  found  to  c<^ 
hyaline  mucus,  mixed  with  red  and  white  corpuscles,  bacteria, 
thelium  from  the  bowel.  Fsecal  detritus  is  often  absent.  At  a 
they  consist  chiefly  of  blood  and  pus,  with  sloughs,  broken-dow 
and  undigested  fragments  of  food.  A  bacteriological  examination^  J 
most  instances,  reveal  one  or  other  of  the  varieties  of  Shiga's  ba^*^ 
an  early  stage  almost  in  pure  culture,  but  later  mixe<l  with  other  ■" 
Pathogenetic  amcebai  are  absent,  but  mixed  infections  have 
what  fnHjuently  observed  in  the  Philippines  and  the  United  St*^- 

iliroidr  IhisenUcrif. — Chronic  dysentery,  rarely  originating  i> 
ate  climates,  appears  in  three  ways : — {a)  An  acute  attack,   i 
ending  in  recovery,   persists  in  a  mitigated  form,     {b)  After 
recovery  dysenteric  symptoms  of  a  milder  but  more  persistent 
reappear,     (c)  The  disease  occasionally  originates  in  a  recurrent-  *  ^' 
which  gmdually  assumes  more  and  more  of  a  dysenteric  charactJ^^ 

In  whatsoever  way  it  originates,  a  looseness,  accompanied  ^'^*^^ 
01-  less  colic  and  straining,  is  characteristic  of  the  malady,  x^ 
])criods  of  quiescence  when  the  motions  are  healthy,  or  compan*^ 
These  are  succeeded  l)y  exacerbations,  during  which  the  calls  to  ^^? 
frequent  ;  the  motions  are  watery  and  more  or  less  frequent,  ""^^1? 
blo(xl,  mucus,  or  ])us,  or  with  all  three  at  once,  and  have  the  tru^  ^ 
teric  (xlour,  but  amcebie  are  absent. 

When  this  condition  is  prolonged,  the  health  of  the  patient  i^^^ 
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He  becomes  weak  and  aiiwmic ;  the  appetite  ia  bad,  capiicious, 
'   riivcnous,  and  digestion  is   iniiuiired,  as  is  inaDifeated   by  flatulence 
R.«nd   uueasinesB  iifter  mcib,  and  by  the  passage  of  undigested  food  with 

Stenosis  from  cicatricial  contraction  is  not  a  common  sequel,  and  is 
s  oft«n  noted  now  than  formerly,  bwt  it  certainly  occurs,  and  in  thirty 
tjreMra'  experience  I  have  seen  five  or  six  cases  where  it  was  present ;  the 
I  becomes  tumid  and  tender ;  the  feeling  of  distension  is  dis- 
^  :  flatulent  eructations  and  piiroxysmal  attacks  of  colic  occur ; 
■the  hreath  acquires  a  feculent  odour,  and  the  evacuations  are  scanty  and 
Voided  with  difficulty.  Towards  the  end,  the  pulse  fails,  the  tongue 
liecomes  red  and  glazed,  vomiting  and  night-sweats  occur,  a?dema  of  the 
foei  seU  in,  and  the  patient,  after  months  or  years  of  suffering,  dies  of 
cxbanRtiun,  or  is  carried  off  by  some  intercurrent  disease. 

ltu»rnUrii--   Diurrhtea. — The    frequency    with    which    dysenterj-    and 

diarrho^  have  occurred  simultaneously  in  barracks,  among  men  living 

I   under  the  same  conditions,  gave   rise  long  ago  to  the  inference  that 

I  <(ya«nt«ry  may  run  its  course  as  a  simple  diarrha-a.     This  inference  has 

J  fcoeii  confirmed  hy  the  isolation  of  Flexner'a  bacillus  from  the  stools  of  an 

■'Bpidemic  intestinal  catairh  recently  observed  in  West  Pnisaia,  which  later 

P  m veloped  tlw  symptoms  of  clinical  dysentery.     We  have  thus  to  recognise 

»  vlysentcric  diarrhaa.     This  disease  is  most  prevalent  in  large  cities  in 

A.inerica  during  the  summer  months,  in  children  under  three  years  of  age, 

"iitl  eepectally  in  those  brought  up  on  the  bottle.     It  is  most  common  in 

_li>«  poorer  insanitary  quarters  of  a  town,  and  is  not  infrequently  met  with 

hwspitals  and  other  institutions  where  numliers  of  children  are  con- 

^■egated.     Although  it  is  I'are  for  more  than  one  child  in  a  household  to 

^    iC    allocked,  several  instances  are  on  record  of  its  spread  in  institutions. 

^t   occur*  as  an  acute  disease  of  sudden  onset  in  children  previously 

'>ealtby ;   or  more  insidiously  in  those  sufl'ering  from  malnutiition  and 

'■igutive    disturbances,  and  also  as  a  terminal  infection  in  pneumonia, 

**ro[|cliitis,  measles,  scarlet  fever,  and  other  diseases. 

The  symptoms  in  the  milder  forma  are  those  of  a  simple  di&rrhiea 
'•ith  little  or  no  fever.  The  stools — from  four  to  ten  daily — are  ynllowish 
"f  green,  mi.\ed  with  mucua,  sometimes  streaked  with  blood,  and  passed 
*'»tbout  t«nesmus  worth  mentioning.  Clinically,  it  is  a  diarrhiea,  its 
•^Iwion  lo  dysentery  being  indicated  only  by  the  presence  in  the  stools 
"f  Hexner's,  occasionally  of  Shiga's  bacillus. 

The  sei'en'r  forms  present  more  of  a  dysenteric  character,  the  stools 
'"^lag  somewhat  more  numerous,  but  seldom  exceeding  ten  to  iwenly  in 
'wenty.fonr  hours.  They  are  thin  or  watery,  yellow,  green,  or  brown  in 
*^oloiir,  contain  mucus  and  generally  streaks  of  blood,  and  ara  passed  with 
"^re  or  less  griping  and  tenesmus.  When  the  disease  occius  in  a  pre- 
^"•Wtaly  healthy  child  it  often  begins  with  vomiting  and  fever.  The 
"■^^perature  ranges  from  99'  to  104"  F.  Tympanites,  restlessness,  emacio- 
''V*'!,  prostration,  and  coldness  of  the  extremities  appear  dining  the  couree 
tile  disease  in  ita  graver  forms.  Death  occui-s  moat  frequently  within 
Vol  II. — PT.  11  2  L 
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the  first  ten  days,  but  many  cases  run  a  course  of  several  weeks,  loi 
recover  gradually  or  succumb  to  exhaustion  or  some  interranat 
disease. 

A  severe  epidemic  form  of  infantile  dysentery,  met  with  in  Japan, bi 
been  described  under  the  name  of  "i^/r/ri."  It  begins  with  a  violent  fever 
and  dysenteric  stools,  without  tenesmus,  and  often  terminates  with  ctif 
bral  symptoms.  The  case-mortality  is  30  to  50  per  cent.  It  seems  to 
be  caused  by  a  special  bacilhis. 

ModijieAl  and  Coinpliaited  Dysentery  —  Miilariom  Dysentery.  — ^Hiei 
associated  with  mild  malaria  the  only  peculiarity  to  be  observed  in  mo* 
case-i  of  dysentery  is  an  evening  rise  of  temperature  of  from  1*  to  3  F. 
When  occurring  in  a  patient  who  is  labouring  under  an  intense  malaiiil 
infection,  dysentery  usually  assumes  an  aggravated  tyj>e,  affecting  p» 
cipally  the  Ciecum  and  ascending  colon,  and  tending  to  prostration  ol 
algidity.  When  algidity  is  early  and  marked  the  malarial  elemeDtii 
almost  always  predominant.  A  fonn  of  dysentery  attacked  the  fenfr 
stricken  troops  in  Mauritius  in  18G6-67,  after  they  had  been  removed ti 
a  non-malarious  island  oil  the  coast.  Power,  who  described  it,  ai^ 
"The  stools  were  a  smoky,  dark  fluid,  consisting  of  disintegrated  blooJ 
and  water.  No  sloughs  until  some  time  after  the  commencement  of  thi 
disease,  and  not  necessarily  then.  There  was  no  trace  of  feculent  % 
indeed,  of  any  solid  matter.  There  was  great  depression  with  a  tendentt 
to  coldness  of  the  body,  but  the  mind  remained  quite  clear.  After  deilfc 
either  total  sloughing  of  the  internal  coats  of  the  large  intestine ormeidj 
a  prominent  state  of  all  the  glands  was  observed." 

Yet  another  condition  has  been  observed  associated  with  makrii,  ii 
which  the  patient  is  free  from  intestinal  symptoms  during  the  JBipyrexiJ 
intervals,  while  during  the  febrile  paroxysms  he  passes  large  quantitiesflf 
liquid  blood,  pure  or  mixed  with  faeces.  In  some  instances  this  magBi 
of  blood  and  fteees  was  observed  by  B^renger-F^raud  to  amount  to  tb* 
litres  in  two  houi-s. 

Sc'n'hutic  Bysf'nkry  is  chiefly  marked  by  its  insidious  onsets  iti 
dangerous  character,  and  by  the  large  amount  of  sanguineous  fluid,  mixJ 
with  mucus,  shreds,  and  sometimes  sloughs  passed  in  the  stools,  ^\sA 
retJiin  their  feculent  character.  The  outbreak  at  the  Millbank  Penit* 
tiary  Avas  of  this  kind. 

Dysentery  when  associated  with  typhus  often  assumes  a  maliguM* 
character,  and  is  extremely  infectious.  Relapsing  and  enteric  fevers  irt 
often  associated  with  the  dvsentery  of  war  and  famine. 

The  CariU  sid'tiess  of  Guiana,  known  as  el  Bicho  in  Brazil,  thenal* 
valle  in  Ecuador,  Bischeo  in  Trinidad,  which  is  probably  similar  t<^  ■ 
not  identical  with,  the  epidemic  gjingrenous  proctitis  of  Fiji,  ftpp** 
from  time  to  time  in  desti-uctive  epidemics.  Hartle  describes  tbe  Biflcfc* 
of  Trinidad  as  "  ushered  in  by  i)yrexia  and  the  most  malignant  cot" 
coraitant  symptoms  of  the  malady,  by  profuse  haemorrhage  from  ^ 
bowels  and  extreme  relaxation  of  the  sphincter  ani.  In  some  of  the*** 
the  tenesmus  was  distressing,  in  others  there  was  no  pain  whatever;  J*' 
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he  blood  wtis  constantly  streaming  from  the  rectum,  while  the  anus 
treniely  dilated." 

tliritic  Dysentenj. — In  some  outbreaks  of  dysentery,  as  that  at  Caen  in 
at  Bloorafield  in  Ohio  in  1851,  in  Norway  in  1859,  and  at  Doberitz 
many  in  1901,  arthritis  is  a  rather  frequent  concomitant  or  sequel 
entery.  The  large  joints  are  affected,  especially  the  knee,  ankle, 
}.  The  heart  is  seldom  involved,  and,  as  a  rule,  the  disease,  although 
J,  is  not  dangerous.  Those  who  are  hereditarily  disposed  to  rhenma- 
r  who  have  already  suffered  from  it,  are  not  more  liable  than  others 
hus  affected. 

Hie  and  Fyitmic  Complications. — The  absorption  of  noxious  matters 
the  bowel  occasionally  produces  in  dysenteric  patients  nervous 
ktion,  sleepiness,  and  low  delirium.  The  tongue  is  black,  the  pulse 
and  fast,  and  the  patient  dies  of  septic  intoxication.  Pyaemic 
3ms,  with  recurring  chills,  parotitis,  diffuse  abscesses,  or  peritonitis, 

0  occasionally  met  with. 

ler  Complications. — Mild  cases  of  dysentery  everywhere,  and  even 
cases  in  temperate  climates,  generally  run  their  course  Avithout 
ppreciable  sign  of  liver  complication.  In  the  majority  of 
cases  in  tropical  climates,  however,  whether  terminating  favour- 
er fatally,  this  organ  is  more  or  less  implicated.  In  a  certain 
r  of  cases,  signs  of  liver  trouble  precede,  by  some  time,  the 
tial  disorder ;  in  other  instances  the  liver  and  bowel  are 
ineously  affected,  congestion  of  the  liver  declaring  itself  during 
ogress  of   the  dysentery,  and  frequently  enough  after  a  rather 

1  diminution  in  the  number  of  the  stools.  Pain  or  a  sense  of 
in  the  right  hypochondrium,  increased  on  deep  pressure,  accom- 
or  not  by  a  slight  rise  of  temperature,  a  slight  enlargement  of  the 
with   nausea  or  vomiting,   and   occasionally  a  certain  degree  of 

30,  mark  the  presence  of  a  congestive  liver  complication.  •  When 
jymptoms  are  followed  by  a  rigor,  or  accom})anied  by  a  distinct 
e  of  fever  and  hepatic  symptoms,  the  formation  of  an  abscess  may 
pected,  but  this  termination  is  comparatively  rare  in  bacterial 
ery,  although  it  does  undoubtedly  occur. 

hpses  and  Sequds. — Relapses  are  prone  to  occur  after  exposure  to 
id  indiscretions  in  diet  up  to  ten  weeks,  or  even  more,  after  con- 
sncc,  and  are  more  commonly  observed  in  persons  enfeebled  by  the 
)f  alcohol.  The  bacillus  of  dysentery  reappears  in  the  stools  during 
apse. 

quels  are  seldom  observed  after  mild  seizures.  After  more  severe 
8  paralysis  of  the  lower  extremities,  of  the  sphincter  ani,  or  of  the 
ir  have  been  observed.  Troubles  of  digestion,  hepatic  disorders, 
rrhoids,  prolapsus  ani,  irritation  of  the  bladder,  cystitis,  nephritis, 
dema  of  the  legs  may  also  be  reckoned  amongst  the  sequels  of  the 
ft — disoi*ders  of  the  digestive  functions  being  the  most  common. 
&S^osis  and  ProgTiosis — A  careful  study  of  the  symptoms  of  the 
^  along  with  an  inspection  of  the  stools  and  an  examination  of  the 


5i6  SYSTEM  OF  MEDICINE 


al>clomeii  (which  should  never  be  omitted),  will  suffice  to  guide  the  pn^^ 
titioner  to  a  correct  diagnosis.  In  doubtful  cases  the  bacillus  mayV 
isohited  from  the  stools  in  the  earlier  stages  of  the  disease.  The  agglu- 
tination test  is  generally  negative  for  the  first  six  or  seven  days,  but  it 
may  be  resorted  to  with  advantage  in  order  to  distinguish  the  hactcrol 
from  the  anuebic  form  of  the  disease.  The  prognosis  must  depend  partly 
upon  the  nature  of  the  epidemic  ;  upon  the  prevailing  type  of  lhedise«; 
the  character  of  the  stools,  their  frequency,  the  presence  or  absence ol 
sloughs  or  of  a  gangrenous  odour ;  upon  the  presence  and  degree  d 
fever ;  upon  the  site  and  extent  of  the  process,  the  danger  being  greater 
when  the  disease  is  seated  in  the  cajcum  and  ascending  colon,  aiid  still 
more  so  when  the  whole  of  the  intestine  is  invaded,  and,  iiually.  Ufa 
the  extent  to  which  the  constitution  is  affected  }»y  the  local  discist 
Hiccup  occurring  in  the  later  stages,  gi-cat  nervous  prostratioo,  b^ 
delirium,  a  decrease  of  the  tormina,  accompanied  by  increasing  de)«litT. 
inflation  of  the  abdomen,  and  algidity  are  all  of  evil  import. 

The  prophylaxis  of  dysentery  must  be  deduced  from  its  etiology. 
The  resident,  in  countries  where  the  disease  is  endemic  or  epidemic, 
should  see  that  the  soil  in  the  neighbourhood  of  his  dwelling  is  maintaioe^ 
free  from  fa3cal  pollution.  The  purity  of  the  Avater-supply  should  l)C  can- 
fully  looked  after,  and  if  there  be  the  slightest  reason  for  suspicion  (• 
this  point  the  water  should  always  be  boiled  before  use.  This  precantioii 
should  never  be  neglected  by  travellei*s  in  tropical  i*egions,  where  ill 
water  should  bo  looked  upon  as  suspect,  and  treated  accordingly.  Above 
all,  surface-water  should  be  avoided.  Food  should  also  be  of  good  quilitji 
well  cooked,  and  excess  and  <lefect  alike  avoided.  The  use  of  uncooW 
vegetables,  fruits,  and  salads,  even  when  washed,  is  not  free  from  dangif 
in  countries  where  dysentery  prevails.  Alcoholic  stimulants,  if  used  »t 
all,  should  be  taken  in  strictest  moderation.  Diarrhoia  and  constijwtioo 
alike  should  be  guarded  against.  Wet  and  cold,  especially  afwr  ti- 
posuro  to  the  tropiciil  sun  and  great  fatigue,  must  be  avoided  as  far  is 
practicable.  When  the  clothes  get  wet,  whether  by  perspiration  or 
rain,  thoy  should  be  changed  as  soon  jis  possible.  The  cummerburi 
or  abdominal  belt  of  flannel  should  be  used  in  the  tropics.  I)v.sonterif 
stools  must  bo  disinfected  and  disposed  of  by  covering  them  deeply 
with  earth  at  a  distfince  from  the  dwelling.  In  camps  they  should  1* 
disinfected  immediately  and  then  disposed  of  by  cremation.  Bedpuft 
commodes,  enema  syringes,  and  bedding  should  be  thoroughly  disinfcct<i 
Uodoubled  att<?ntion  to  these  precautions  is  to  be  enforced  when  tk 
dis<'asc  is  epidemic.  The  ])rophylaxis  of  famine  dysenterv*  is  largely i 
matter  of  st<ite  ]>olicy  ;  that  of  war  demands  the  prevention  and  avoidant 
of  the  remoter  causes  of  the  disease.  The  Japanese  ascribe  their  cob- 
l>arative  e.xcmption  from  <lysentery  during  the  Russian  war  to  their  pn^ 
tier  of  seufliiig  on  in  advance  sanitary  otHcei's  to  test  the  purity  of  tbf 
water  in  the  count ly  to  be  traversed,  and  to  indicate  the  sources  ti* 
could  be  safely  used  by  tlie  troops.  Prophylactic  serums  appear  lik«lj' 
to  bo  of  very  limited  application  (cf.  p.  .*)24). 
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Treatment — Experience  teaches  that  one  kind  of  treatment  does  not 
uwer  in  all  forms  of  dysentery,  nor  will  one  drug  suit  all  stages  of 
L<6  disease.  Dr.  Clonston,  in  an  outbreak  of  dysentery  occurring  in 
i€  Cumberland  Asylum,  tried  the  ipecacuanha  treatment  in  every 
Mtible  way — by  mouth  and  rectum,  in  doses  from  ten  grains  to  a 
"schm,  alone  and  in  combination  with  opium — without  success.  In  the 
akrious  dysentery  mentioned  above,  which  attacked  the  troops  in 
:maritius  in  1866-67,  ipecacuanha  was  not  of  the  slightest  use  ;  but  the 
aease  seemed  to  yield  to  large  doses  of  the  tincture  of  the  peichloride 
*  iron.  The  form  of  dysentery  that  attacked  the  inmates  of  Millbank 
Bnitentiary  in  1823-24  resisted  blisters,  bleeding,  fomentations,  and  tlie 
am  of  astringents,  bitters,  aromatics,  and  ipecacuanha  that  were  tried  in 
beeession.  The  one  remedy  that  proved  of  real  value  was  mercury,  in 
i«  form  of  grey  powder  or  calomel,  which,  as  Latham  says,  was  given  at 
••t  with  the  greatest  apprehension  after  all  other  medical  expedients 
td  failed.  In  some  cases  in  which  the  tormina  and  tenesmus  were 
rtreme,  and  the  evacuations  extremely  frequent  and  consisting 
itirely  of  blood  or  morbid  secretions,  fifteen  gi^ains  of  calomel  and  two 
ains  of  opium  were  given,  and  afforded  marked  relief.  Mayne  also 
iUes  that  he  and  his  colleagues  found  mercury  to  be  "the  i)rincipal 
nedy"  in  the  dysentery  which  prevailed  in  the  South  Dublin  Union 
^orkhouse  in  1848-49.     This  is  what  one  would  scarcely  have  expected 

famine  dysentery.  Among  more  recent  authorities.  Trousseau  and 
taenger-F^raud — the  experience  of  the  former  being  limited  to 
^uice,  that  of  the  latter  to  the  French  tropical  colonies — attest  the 
line  of  mercurials  in  some  of  the  severe  forms  of  the  disease. 
iemeyer  considers  the  administration  every  two  hours  of  one  gi*ain 
calomel,  with  quarter  of  a  grain  of  opium,  to  be  the  "most  trust- 
>rthy  treatment"  in  the  higher  grades  of  dysentery.  Scheube, 
an  his  experience  in  Japan,  recommends  calomel  in  doses  of 
\-1\  grains  every  four  to  six  hours,  with  castor  oil  to  obviate  con- 
ipation.  On  an  average  he  found  45  to  GO  grains  sufficient  to  effect  a 
W.  Plehn  also  prefers  calomel  in  the  dysentery  of  West  Africa,  but 
r«8  it  in  doses  of  \  grain  hourly  by  day  only  for  three  days,  pre- 
nting  constipation  by  castor  oil  or  by  enemas  of  salicylic  acid,  and 
imting  salivation  by  gargles  of  rhatany.  After  three  days  of  calomel 
tttment  he  resorts  to  bismuth.  I  have  given  these  experiences  sonie- 
Iftt  in  detail,  because  I  am  about  to  recommend  a  different  tieiitment, 
imnted  by  my  own  experience  and  that  of  others  in  tropic<il  countries. 
It  if  it  be  true,  as  I  believe  it  to  be,  that  more  than  one  morbid  state  is 
cinded  under  the  name  of  dysentery,  we  shall  be  prepared  to  find  that 
a  treatment  adapted  to  one  form  or  stage  may  not  be  useful  in  another. 
W  physician,  therefore,  should  not  allow  doctrinal  prejudices  to  prevent 
in  from  having  resort  to  remedies  which  have  been  found  life-saving  in 
rtain  forms  of  the  malady. 

The   chief  point,  however,  in   all  forms  of  dysentery   alike  is   the 
rgienic  and  dietetic  treatment,  and  many  of  the  milder  cases  yield  to 
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this  alone.  Uest  in  this  disease  is  an  important  curative  agent 
patient  should  be  put  to  bed  at  once.  The  room  should,  for  ol 
reasons,  be  well  aii*ed  and  free  from  draughts, 

In  many  cases  the  patient  will  feel  relief  from  the  applicati 
a  linseed-meal  poultice,  lar<;e  enough  to  cover  the  whole  abdomen, 
belly  and  sides,  and  changed  before — not  after — it  begins  to  get 
care  must  l)e  tiiken  that  the  patient  is  not  exposed  to  chill,  and  tb: 
bed-clothes  are  protected  from  damp.  If  there  be  considerable  { 
irritation,  a  sinapism  or  spongio-piline  placed  in  hot  water  and  spri 
with  turpentine  will  be  of  service.  Cases  occur  in  tropical  con 
in  which  the  patient,  suffering  from  fever  and  drenched  in  |)er8pir 
finds  poultices  add  to  his  sufferings ;  in  such  circumstances  they ; 
be  avoided.  A  warm  bath  given,  with  due  precautions,  at  the 
begirniing  of  the  disease  is  often  useful.  As  the  anus  is  apt  to  b 
excoriated,  it  should  be  washed  after  each  stool  with  tepid 
containing  some  disinfectant.  Ford  recommends  the  application 
ointment  containing  tannic  acid  4  per  cent  and  cocaine  5  per  cen 
warmed  bed-pan  should  be  used,  to  prevent  the  ptitient  gettin 
of  bed. 

The  did  is  an  all-important  point  in  a  disease  in  which  the  ali 
ary  canal  itself  is  affected.  In  most  instances  the  patient  shou 
restricted  to  a  milk  diet.  Condensed  milk  will  answer  if  pei 
fresh  milk  of  good  quality  cannot  be  obtained.  Milk  diet  is  as  i 
tfigeous  in  the  chronic  as  in  the  acute  stage,  and  is  specially  va 
when  there  is  a  scorbutic  tendency.  The  milk  may  be  given  jm 
diluted  with  lime-water,  and  is  administered  in  the  intervals  bt 
the  doses  of  medicine.  For  the  first  few  days,  unless  the  pat« 
in  a  low  state,  he  should  not  be  iu*ged  to  take  nourishment  oftei 
more  largely  than  he  desires ;  and  in  all  ciises  the  needs  and  f< 
of  the  inciividual  should  receive  due  consideration.  When  pure  i 
not  w(j11  supported  it  should  l)e  given  with  full  doses  of  peps 
|)cptonised  milk  may  be  substituted.  While,  in  most  cases,  milk 
best  diet  for  the  dysenteiic  patient,  it  is  not  always  obtoinabl 
occasionally  it  is  not  well  l)orne  in  any  form  by  the  patient.  In 
exceptional  ciises  barley-water,  al])umin-water,  chicken-  or  beef-te 
be  substituted,  ^^^hen  prostiiition  is  great  and  the  heart's  action  1 
wine,  brandy,  ammonia,  and  cardiac  tonics  are  indicated.  I)urin 
valescence,  chicken -broth,  arrowroot,  and  well -boiled  rice  shoi 
continued  for  some  time,  and  a  return  to  solid  food  cant 
made. 

In  severe  cases  of  tropical  dysentery,  where  not  contra-indicatt 
ilH'nicwnihn  treatment  should  be  adopted ;  and  I  l)elieve  th*l 
treatment  is  also  the  best  for  the  catarrhal  stage  of  the  ordinan'  ep* 
dysentery  of  temperate  climates.  It  seldom  fails  when  given  fn» 
onset  of  tht?  malady.  When  the  attack  has  l)een  preceded  bt 
siip;ition,  a  preliminary  dose  of  sulphate  of  sodium,  castor  oil,  or»K 
to  ciiirv   ott'   fiecid   accunmlations,  and    if   there  are  worms  a  'K* 
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santoHin,   should  be  given.      If    there    is    no    reascin    to    siiepect   tlmse 

conditions,  30  to  40  grains  of  ipecacuanha  powder  mude  into  a  Iwtlua 

shuuld  be  given  Bt  once,  and  the  dose  repeated  every  bix,  eight,  or  twelve 

hours,  accoiijing  to  the  urgency  of  the  Bymptoras  and  the  lolerunce  of 

tiie  remt-dy,  until  a  feculent  motion  is  obuined.     If  the  firat  dose  cause 

vomiting,   this  will   do  good   ratfaer   than   harm  :  but   the   second   dose 

should  be  preceded  by  a  sinapism  placed  over  the  pit  of  the  stotuaeh, 

and   20  to  30  drops  of   laudanum   (for  an  adult   patient)  should  be 

given  tn-eiity  minutes  to  half  an  hour  before  the  second  dose,  tind   no 

lt>|U)d  should  be  taken  for  two  hours  Iwfore  the  bolus  is  adniiiiistered. 

With  these  precautions,  the  second  dose  is  seldom  rejected.     It  is  better, 

as  a  rule,  to  rely  upon  the  ipecacuanha  alone  1  but  when  the  tormina 

ate  very  diBtrcssiug  and    the  calls  to  stool   excessively  frequent,  fiom 

10  to   15  minims  of  laudanum  may  advantageously  1«  added  to  each 

Iwliis.     If  combined  with  laudaiuim,  fuUer  doses  of  ipecucuatiha  are  to 

be  given.     'I'he  intervals  between  the  doses  should  lie  utilised  for  the 

idiaiuistration   of  nuurishment.     Given   in    this  way,  the  drug  eniisca 

tnnrt*  or  less  nausea,  but  seldom   gives  rise   to  troublesome   vomiting. 

Sliriuld  the  ipecacuanha  be  retained   for  an  hour  its  therapeutic  effect 

will  1)6  secured.     There   is  no    use  in  reducing   the  dose  in   onler  lo 

prevent  vomiting,      I  have  seen  drachm  doses  retained  where  ten-grain 

Joses  were  rejected.     The  Brazilian  method  of  administration  is  to  pour 

sin  ounces  of  lioiiing  water  on  a  drachm  of  coarsely  powdered  ipecacu- 

■nhs.  and  at  the  end  of  twelve  hours  to  strain  olT  the  liquid,  which  is 

te  be  administered  to  the  patient  in  one  draught  or  in  smaller  (jmintities 

M  iniervala  of  two  hours.     The  powder  remaiidng  from  the  first  infusion 

ix  to  l<e  treated  again  in  the  same -way,  and  the  liquid  administered  as 

latere  ;  and  so  tor  a  third  time.     The  process  then  is  to  be  Itegun  anew 

*itb  fresh  pnwder  in  the  same  or  smaller  quantity.     Various  modifica- 

lioiis  of  this  plan  are  in  use.     This  method,  which  is  that  practised  by 

I'isoti.  answers  well,  but  is  more  apt  lo   cause  vomiting  than  the  one 

•worn  mended. 

The  first  sign  of  improvement  is  the  passive  of  a  feculent  stool, 
"liicli  is  followed  by  a  decrease  of  the  tormina  and  tenesmus.  The  trrail- 
josm  as  directed  ahoiUd  be  maintained  for  some  time  after  signs  of 
im|iTovenieiit  have  appeared.  When  the  disease  has  assumed  the 
'^'iimrterB  of  a  simple  dian-htea,  sidicylate  of  bismuth,  alone  or  combined 
•ith  Dover's  powder,  will  usually  prove  sufficient  to  check  the  looseness, 
"'  taitiCul  attention  be  paid  to  diet. 

De-emctinised  ipecacuanha,  first  recommended  by  Surgeon-Colonel 
Ilsrris,  has  been  employed  of  lat«  years  in  the  treatment  of  dysentery 
"I  diKos  of  20  to  30  grains.  It  is  not  without  value,  but  there  is 
a  fwrly  general  consensus  of  experience  to  the  effect  that  it  is  much 
"iferior  to  the  ordinary  drug.  The  nauseating,  and  even  the  emetic 
P'l'pertius  of  ipecacuanha,  however  disagreeable,  are,  within  limits,  bene- 
!"»*!  in  healthy  subjects.  They  have  a  sedative  effect  on  the  circulation, 
iiicrcjisL.  the  flow  of  bile,  and  determine  a  free  action  of  the  skin,  with 
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ooneequent  relief  tu  the  portal  syBt«m,  which  muterially  t.'ontnlin(«B  lu 
the  ciir>^  especiiiUy  in  acute  caaoa  n-ith  fever  or  congestion  of  lli<'  li*»t 
When  distresBing  dyauria  does  not  yield  to  a  warm  bath,  or  when  ibm 
is  extreme  pain  and  restlessness,  a  hy]Kxlermic  injection  of  morphinn  nuir 
be  given.  When  the  disease  has  been  confined  to  the  lower  howol,  uul 
is  atill  at  an  early  stage  and  attended  with  severe  lenesmtis,  I  li»« 
occasionally  tried  local  depjelion  by  means  of  leeches  with  appiml 
advantage,  but,  besides  being  a  somewhat  troublesome  remedy,  the  liiue 
are  apt  to  become  inflamed  by  the  discharges. 

This  treatment  by  large  doses  of  ipecacuanha  has  proved  eo  saccvi 
fill  that  it  should  not  on  light  grounds  be  set  aside  in  favoui*  of  nny  otber. 
There  is  abundant  evidence  thai  it  succeeds  in  cases  in  which  oUw 
remedies  fail.  It  is  contra-indicated  in  pregnancy,  in  very  ileliok 
persons,  in  phthisical  patients,  in  children  of  tender  age  (ulthougb  lixr 
often  bear  it  well),  and  there  are  some  who  cannot  tolerate  it.  In  loiW 
cases,  again,  it  is  unnecessary  to  subject  the  patient  to  the  ipcicaoiuli* 
treatment.  When,  for  any  cause,  this  drug  is  inadmisaibK  the  ■■in' 
(Teal'iimt,  so  successfully  use()  in  France,  should  be  resorted  iii.  Tb» 
sulphate  of  sodium  is  the  salt  generally  employed,  and  is  given  m 
solution  in  doses  of  from  ^  to  1  oz.  in  the  morning.  Its  parg>ti*> 
notion  commences  from  one  to  four  hours  after  ingestion,  and  ceisM  is 
ten  or  twelve  hours.  The  dose  should  then  be  repeated  unlcne  lb 
uigent  need  for  rest  require  delay.  It  was  remarked  by  Tr«aw« 
that  the  cure  is  the  more  certain  the  gruater  the  number  of  tbc  evteat 
lions ;  still,  there  is  no  use  in  pushing  purgation  beyond  n  rcMomMe 
h'roit ;  and  half  on  ounce  of  the  salt,  fonr  times  daily,  will  geiiAiUy 
suffice.  Trousseau  observed,  too,  that  the  treatment  is  much  Ic* 
successful  in  some  epidemics  than  in  others.  Major  Buchanan  re«i»- 
mends  a  drachm  of  sulphate  of  sodium  in  an  ounce  of  fennel  watir  four. 
six,  or  eight  times  a  day  lilt  every  trace  of  blood  and  mucus  has  dial*' 
peared.  Of  8.55  cases  treated  in  this  way  there  were  only  9  dwll*-* 
mortality  of  little  over  1  per  cent.  This  trealment  is  ailvocated  b]f  W* 
for  acute  dysentery  only,  not  for  chronic  or  relapsing  cAsee  with  ulcenrtiw* 
of  the  colon.  It  would  be  a  mistake,  however,  lo  look  for  results  »t»H 
comparable  to  those  obtained  in  the  jail  dysentery  of  India  from  llii* 
treatment  in  all  forms  of  dysentery.  The  epidemic  dysentery  of  KnuWi 
mainly  treated  by  salines,  furnishes  a  case-mortality,  as  we  have  aem.  vuy- 
ing  from  9  to  149  per  cent.  In  the  milder  forms  of  the  di 
treatment  leaves  nothing  to  be  desired.  Experience,  so  far  as  it  go*  * 
in  favour  of  attempting  to  produce  asepsis  of  the  intestinal  caual  by  '''* 
administration  of  antiseptic  remedies  by  the  month,  and  their  i 
not  interfere  with  the  treatment  either  by  ipecacuanha  or 
Benzo-naphthol  is  the  remedy  to  be  preferred  whenever  thi 
suspicion  of  hepatic  or  renal  complication,  and  when  no  such  com|)lia>'^ 
exiatA  it  is  as  effective  as  any  intestinal  antiseptic  at  prt-^eut  in  tis* 
Thirty  to  sixty  grains  may  be  given  during  the  twenty-four  hoars,  ' 
divided  doses  every  two,  three,  or  fottr  hours,  in  the  intervals 
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her  remedies.  Beta-naphthol,  resorcin,  salol,  and  naphthalin  are 
sed  for  the  same  purpose. 

Jines  act  as  intestinal  evacuants.  They  deplete  the  vessels  and 
out,  so  to  speak,  the  intestinal  canal,  removing  the  microbes  and 

that  may  be  present.     These  indications  can  also  be  carried  out 
3  use  of  enemas  as  adjuvants  to  other  remedies.     In  mild  eases 

to  injections  is  unnecessary.     The  difficulty  formerly  experienced 
ucing  the  patient  suffering  from  the  severe  forms  of  rectal  dysen- 

0  submit  to  repeated  introductions  of  the  injection -tube  is  now 
^  obviated  by  the  preliminary  use  of  cocaine  suppositories,  but 
^itli  the  use  of  these,  injections  in  a  considerable  number  of  cases 
lither  tolerated  nor  retained.     When  the  upper  part  of  the  bowel 

seat  of  the  disease,  enemas,  to  be  of  any  use,  must  be  large,  and 
mger  of  distending  a  deeply-ulcerated  bowel  in  a  condition  aptly 
h  described  by  the  old  Indian  practitioners  as  "  rotten  "  should  not 
3rlooked,  although  experience  has  shewn  that  the  risk  is  much  less 
supposed.  Experience  proves  that  in  severe  cases,  before  exten- 
isorganisation  of  the  bowel  has  taken  place,  large  enemas  are  often 
sat  service.  Ford  recommends  normal  salt  solution  or  a  4  per 
olution  of  sodium  bicarbonate  for  simple  lavage  of  the  rectum  and 
He  mentions  a  case  in  which  the  bacillus  of  dysentery  fell  from 
r  cent  of  all  organisms  present  in  the  stools  on  the  first  day  to  2*3 
(iut  on  the  third  day,  under  the  use  of  enemas  of  normal  salt 
)n.     As  an  enema  in  acute  dysentery,  he  uses  olive  oil  alone,  or 

1  oz.  of  olive  oil  suspended  by  recent  agitation  in  2^  pints  of  milk, 
uid  is  to  be  introduced  slowly  through  a  long  well-oiled  rectal  tube 
ge  diameter,  from  a  receptacle  not  more  than  three  feet  above  the 
t's  bed.  In  cases  in  which  haemorrhages  occur  the  enema  should 
ected  cold,  but  for  routine  use  it  is  to  be  given  at  a  temperature 
m  100'  to  102°  F.  Boracic  acid  injections  of  1^  pints  or  more 
)lution  of  10  grains  to  the  ounce,  repeated  two  or  three  times  a 
rere  found  very  useful  by  Dr.  Lillie  in  South  Africa.  To  relieve 
Qus  1  to  2  drachms  of  bismuth  with  tinct.  opii.  lT|^xxx.  in  two 
\  of  starch  mucilage  may  be  injected. 

some  instances  in  which  the  ipecacuanha  or  saline  treatment  has 
and  the  symptoms  become  more  and  more  aggravated,  threatening 
I  in  gangrene,  pills  containing  one  grain  of  calomel,  two  grains  of 
uanha,  and  a  quarter  of  a  grain  of  opium  have  proved  useful.  The 
hould  be  repeated  every  hour  at  first,  until  five  or  six  have  been 
;  and  then  every  two  hours  during  the  day,  and  less  frequently  at 
The  medicine  should  be  continued  until  an  improvement  in  the 
appears,  but  should  not  be  carried  to  salivation.  When  the  stools 
changed,  ipecacuanha  is  to  be  resorted  to  again  in  order  to  complete 
are.  When  gangrene  has  actuallv  developed,  merciuy  is  contra- 
ted. 

Tien  dysentery  is  complicated  with  malaria,  quinine  must  be  given 
>uth  or  hypodermically  in  addition  to  ipecacuanha  or  salines.     In 
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t\  form  of  dyaentGry  affecting  the  cwciim  and  Ascending  tiulou — lueocuiUd 
with  a  malignant  type  of  malaria,  accompanied  by  great  proatraiion  uirt 
a  tendency  to  collapse,  in  which  the  uae  of  ipecacuanha  or  salinet »« 
contra-indicated — moderate  purgative  doses  of  oil  of  turpentine  and  cuUr 
oil  seemed  to  me  of  service.  I  have  also  resoried  to  turpenlini)  wni 
castor  oil  in  smaller,  repeated  doses,  as  a  stimulant  and  antiseptic  in  tlic 
treatment  of  gangrenous  dysentery  when  ipeeacimnba  had  failed,  uiil 
with  apparent  benelil  in  aurae  instances.  Ford  cansiders  oil  of  turi>endiir 
"  highly  serviceable  in  all  cases  of  bacillary  dysentery,  especially  in  tbwf 
where  there  is  pronounced  tym]>anitos  and  great  prostration."  He  gir» 
it  in  doses  of  from  one-fourth  to  one-half  gramme  every  two  huore. 
Turpentine  should  bo  avoided  if  there  is  kidney  disease.  Should  algidilf 
manifest  itself,  warm  applications  to  the  extremities,  attmulanU  int^roatli 
in  small  and  repeated  doses,  and  subcutaneous  injections  of  ether  in 
indit-aled. 

Ill  the  hsemorrhagic  form  associated  with  malaria,  which  has  celdoa 
any  relation  to  true  dysentery,  quinine  and  the  tincture  of  the  pa- 
chloride  of  iron  should  be  given.  Mutico  infnsion  by  mouth  and  lectani 
was  found  serviceable  in  the  malignant  hiemorrhagic  dysentery  occumi; 
in  Trinidad,  already  mentioned  under  the  name  "  Bischeo,"  or  epidemic 
gangrenous  proctitis  -  and  injections  of  lime  juice  have  also  been  einplojal 
with  advantage.  The  value  of  ergotin  in  hypodermic  injection  (Wulil 
not  be  overlookw!  if  there  be  reason  to  suppose  that  an  eroded  veswl  i" 
the  source  of  the  hsemorrhage.  Adrenalin  has  been  recommended,  tnt 
in  Ceylon  the  results  were  disappointing.  Applications  of  ice  hi  lli' 
alidomon  and  injections  of  iced  water  may  also  be  tried  in  luemurrbijiv 
cases.  In  the  scorbutic  form,  in  addition  to  the  regulation  of  the  diet— 
which  sliould  incUide  the  use  of  lemons,  limes,  oranges,  or  gr^»es— (wh 
bad  fruit  has  been  strongly  recommended.  Maclean  found  it  nm^ 
useful  when  given  in  the  form  of  a  sherbet.  When  the  motion!  i" 
scorbutic  dysentery  contain  much  dark  and  liquid  blood,  15  to  30  miointf 
of  oil  of  turpentine  in  almond  emulsion  will  often  act  like  n  diaiD- 
When  turpentine  is  contra-indicated,  a  solution  of  one  of  the  asuingn^ 
salt*  of  iron  may  bo  used.  There  is  a  dysenteric  scorbutus  as  wdl»* 
Bcorbiitic  dysentery,  the  <irain  on  the  system  causing  scorbutic  spots.  I" 
this  form  the  primary  indication  is  to  atop  the  drain.  Arthritis  «ppeir 
ing  in  the  course  of  dysenteiy  demands  only  the  use  of  local  npplicatiQrs- 
When  symptoms  of  hepatic  congestion  appear  in  the  early  sU|^  •'* 
tropical  dysentery,  as  they  frequently  do,  our  aim  ought  to  Iw  to  tit*' 
the  large  intestine  of  infective  organisms  by  a  purgative  or  by  nul'* 
antiseptic  irrigations  of  the  bowel ;  but  this  complication  should  in  i*^ 
way  be  allowed  to  interfere  with  the  admijiistration  of  ipecacmtfih** 
which  acts  favourably  on  liver  and  bowels  alike.  Among  the  numi 
remedies  employed  in  acute  dysentery,  it  will  suffice  to  mention 
in  di'achin  doses,  three  or  four  times  daily  ;  sulphur,  half  a  drnckm  f* 
drachm  three  times  daily,  alone  or  with  S  grains  of  Dover's  powd** 
tincture  of  Monsonia  ovata  {'i\  oz.  of  the  dried  plant  to  a  pint 
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•pint)  in  doses  up  to  half  an  ounce  in  water ;  creosote  in  doses  of  two 
drops  in  mucilage  every  two  hours. 

In  the  dysenteric  diarrhoea  of  children,  the  question  of  feeding  is  of 

primitry  importance.     There  is  no  advantage  in  putting  either  a  breast- 

or  Kottle-fed  infant  on  other  food  if  there  be  no  vomiting  and  the  milk 

he  well  digested.     In  the  case  of  bottle-fed  children,  the  purity  of  the 

milk  2^nd  its  dilution  in  relation  to  the  age  of  the  patient  has  to  be  con- 

8i'der^c3.     When  milk  disagrees,  barley-water,  water  from  toasted  oatmeal, 

chick:^])-  or  beef-tea,  albumin- water,  or  some  other  suitable  substitute  must 

be  selected  and  its  effects  watched.     In  the  more  protracted  ciises,  lean 

raw  m^eat,  very  finely  minced,  may  be  given  in  one  or  two  teaspoonful 

doses    iit  a  time,  and  four  times  daily  or  oftener. 

A^    dose  of  castor  oil  should  be  given  at  once  to  clear  out  the  bowels, 

and  »:*^i)eated  in  smaller  doses,  in  the  form  of  emulsion,  once  or  twice  a 

day    t^o  keep  them  freely  open.     In  a  few  days  the  character  of   the 

motions  will  change,  and  salicylate  of  bismuth,  1   to  3  grains  every  four 

hours,    will  restrain  the  remaining  looseness.     In  some  cases  alterative 

doeess    of  calomel  or  grey  powder  are  of  sei-vice.     "When  these  measures 

fail,  t,^aspoonful  doses  of  a  solution  of  perchloride  of  mercury  (tIt^  ^^ 

tW  ^i"**!!^)*  first  ho\u*ly,  then  at  longer  intervals,  will  often  effect  a  rapid 

unpi'ovement.      "When   the  lower  bowel    is   chieHy  afll'ected,   it  may   be 

"washed  out  from  time  to  time  with  some  mild  antiseptic  injection. 

A.  D. 

^'turination  and  Serum-therajnj. — Shiga  produced  antidysenteric  serum 

in  the  horse  by  inoculating  cultures  of  the  dysentery  bacillus.    This  serum 

was  Used  successfully  in  the  treatment  of  the  endemic  dysentery  of  Japan. 

L     It  should  be  administered  early  in  the  atUick,  as  its  beneficial  effects  are 

less   evident  at  later  periods.     The  mortality  of  the  Japanese  disease 

^     during  the  epidemic  of  1898-99  was  from  285  to  37  9  per  cent  in  cases 

treated  in  the  ordinary  way,  and  from  8  per  cent  to  1 2  per  cent  in  cases 

^     treated  with  the  serum.     I  have  employed  an  antidysenteric  senmi  from 

the  horse  in  the  treatment  of  adults  and  of  children,  the  latter  suffering 

"^^    the  diarrhoeal  diseases  of  the  warm  summer  months.     The  ailult 

^^^^  ap|Mjared  to  be  benefited,  since  the  attack  was  brought  to  an  abrupt 

tenoination  ;  but  the  number  of  cases  treated  was  small  and  the  epidemic 

relativel}'  mild  in  type.     In  the  children  no  definitely  beneficial  result 

Y^    obtained.     In  the  latter  the  serum  was,  however,  often  employed 

*^^^    in  the  course  of  the  disease.      Kruse  has  also  reported  favourably 

'^poii  the  use  of  an  antidysenteric  serum.     Our  present  knowledge  justi- 

P^^  the  employment  of  the  serum  in  acute  bacillary  dysentery,  and  if  the 

Injections  be  made  within  the  first    two  or  three  days  of  tlie  disease, 

^'^^ficial  effects  may  be  expected.     The  use  of  the  serum  later,  after 

«evei*^  lesions  of  the  intestinal  wall  have  ))een  produced,  is,  apparently, 

*^T  less  value.     A  final  opinion  on  the  value  of  the  serum  treatment 

^*^*senteiy  bacilli  diarrhceiis  of  children  cannot  be  given  at  this  time. 

V^accination  of  small  animals  with   attenuated  and  dead  cultures  of 
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dysentery  badlliia  ii>  followed  by  an  active  imnmniiy,  which  in  the  euioar 
pig  persists  for  many  weeks.  No  doubt  a  siniikr  method  of  vaccitutioa 
is  Applicable  to  man.  The  use,  however,  of  de^vd  cultures  idooe  U  not 
advisable,  because  of  the  painful  local  reaction  set  up.  The  bacilli  dumU 
cither  be  modified  in  action  by  admixture  with  an ti dysenteric  serum,  iir, 
possibly,  autolyaed  products  of  the  bacilli  alone  be  employed,  siuoe  bj 
meaiiD  of  the  latter  a  certain  degree  of  immunity  can  be  prodnced  in 
experimental  animals.  Protective  vaccination  in  man  with  the  dysenim 
bacillus  has  not  yet  been  placed  upon  h  definite  experimental  foundfttuw. 

S.F 

TrathneiU  ••/  Chrnnic  Dijsfntrry. — Chronic  dysentery  occurring  in 
Eimipean  residentA  in  tropical  countries  demands  a  change  to  a  l«a- 
per.'tte  climutc.  Minute  directions  as  to  the  precautions  necesauy  la 
avoid  or  mitigate  the  possible  dangers  of  such  a  change  should  I*  pTta 
If  the  voyage  has  to  be  undertaken  in  winter,  a  abort  stay  on  the  Rivim 
may  be  advisable.  The  patient  should  wear  a  flannel  belt  sufficienlij 
wide  to  cover  the  whole  abilominal  region.  The  sea  voyage  itself  is  "(wi 
beneficial  when  the  arrangements  on  l)oard  for  invalids  are  gooil :  4tiil  i 
short  voyage  may  sometimes  be  recommended  with  advantage  in  tiiecM 
of  those  who  cannot  afford  the  time  and  expense  involved  by  a  proltmgal 
slay  in  Europe.  Warm  clothing,  avoidance  of  draughts,  careful  nigub 
tint)  of  diet,  and  change  to  a  temperat«  climaic  should  bo  looknl  iipM 
as  the  most  important  meaBures  in  the  treatment  of  this  disease. 

During  exacerbations,  the  diet  must  be  restricted  to  milk,  the  |«tit'M 
kept  in  Imd,  and  the  treatment  adapted  to  the  acute  disease  cmploytil 
modified,  however,  according  to  the  urgency  of  the  symptoms.  Puring 
these  exacerbations  I  have  used  an  infusion  of  100  grains  eacli  o( 
ipecacuanha  and  simaruba,  and  200  of  cinnamon  in  10  ounces  of  w»Mt, 
giving  half  an  ounce  to  1  ounce  of  this  every  four  or  six  houn.  Thi 
disease  is  a  protracted  one,  and  this  has  to  be  taken  into  account  is 
regulating  treatment,  diet,  and  exercise;  and  as  the  patient  is  mtl^ 
nourishing,  easily  digested  food  is  essential.  When  walking  is  nnadvinU) 
or  impossible,  carriage  exercise  is  to  be  taken  as  freijuently  as  the  weirtte 
and  state  of  the  patient  permit. 

The  whole  course  of  the  large  intestine  should  l>o  carefully  explofwl 
in  order  to  detect  swelling,  hardness,  or  tenderness.  From  «  cweW 
consideration  of  the  I'esults  so  obtained,  and  of  the  character  of  tlx 
stools,  an  efTort  should  he  made  to  arrive  at  an  estimate  of  the  existnnct 
and  sites  of  cicatrices,  ulcers,  and  congestion.  \Vhen  the  fxistenw  ^ 
ulceration  is  inferred,  constipation  must  be  obviated  by  the  ^nLl«' 
laxatives,  and  diarrhrea  checked  by  the  guarded  use  of  the  mildiA 
astringents,  accompanied,  if  gastric  or  intestinal  fermentations  be  ^ 
[leuted,  by  antiseptics.  When  cicatricial  contractions  in  ibe  lower  ^ 
of  the  bowel  interfere  ivith  its  evacuation,  emollient  and  anti*^ 
enemits  may  give  relief.  In  chronic  ulceration,  especially  when  staW* 
in  the  lower  part  of  the  bowel,  enemas  of  nitrate  of  diver  have  freqaentlf 
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meficial.  Sir  P.  Manson  recommends  them  of  a  strength  of  from 
ain  to  1  grain  per  oz.  of  distilled  water,  when  acute  symptoms 
ppeared.  Two  or  three  pints  of  this  solution  are  to  be  injected 
bowel  has  been  well  cleaned  out  by  castor  oil  and  a  large  enema 
(rater,  the  patient  being  encouraged  to  retain  the  injection  as 
)ossible.  The  injections  may  be  repeated  every  few  days,  if 
jar  to  do  good — not  otherwise.  Dr.  Sand  with  prefers  sulphate  of 
to  1  i  grains  to  the  ounce,  from  his  experience  in  Egypt,  where, 
the  disease  is  chiefly  of  the  amoebic  variety.  A  wet  compress 
)domen  is  not  only  gi-ateful  to  the  patient,  but  often  has  a 
influence  on  the  congested  bowel. 

1  baths,  gentle  laxatives,  massage  to  the  abdomen,  and  emollient, 
md  antiseptic  enemas  must  be  our  chief  resort  in  those  hopeless 
hich  partial  stenosis  is  established.  It  is  remarkable  how  many 
Y  hopeless  cases  do  improve,  how  some  even  recover  fair  health  ; 

this  should  encourage  us  not  to  despair,  the  distressing  help- 
f  the  })hysician  in  presence  of  the  aggravated  forms  of  chronic 

should  lead  us,  by  greater  attention  in  the  treatment  of  the 
lisorder,  to  render  the  chronic  form  of  less  and  less  frequent 

2  Andrew  Davidson. 
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II. — AMoaBic  Dysentery 

By  Andrew  Davidson,  M.D.,  F.R. C.P.Ed. 
Section  on  Am<tba  by  Simon  Flexner,  M.D. 

.phical  and  Topographical  Incidence.  —  We  have  reports  of 
c  cases  of  ama^bic  dysentery  of  indigenous  origin  from  St.  Petcrs- 
lonigsberg,  Kiel,  Hamburg,  Berlin,  and  other  towns  in  the  north 
Dpe.  The  disease  has  not  been  recognised  in,  but  is,  perhaps,  not 
''  absent  from  England.  It  is  of  more  frequent  occurrence  in  the 
and  southern  regions  of  Europe,  without,  however,  attfiining  endemic 
tice.  On  the  Western  Continent  isolated  cases  have  been  seen  by 
1  Michigan  and  by  Musser  in  Philadelphia,  and  they  become  more 
►us  in  the  middle  and  southern  States.  Prof.  Osier  says  that 
dysentery  is  the  commonest  variety  throughout  the  United  States, 
ses  of  acute  and  chronic  dysentery  admitted  into  his  wards 
Lore)  having  been  almost  exclusively  of  this  form. 
*m  the  comparative  rarity  of  liver  abscess  in  some  of  the  West 
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India  Islands,  it  may  be  inferred  that  amoebic  dysentery  is  not  of  freqnat 
occurrence.  Dr.  D.  M.  Ross  siiys,  "  I  have  never  seen  a  case  of  bqnot 
abscess  follow  dysentery  contracted  in  Jamaica."  This  agrees  with  eirilff 
accounts.  In  Cuba,  Martinique,  and  some  of  the  other  islands,  vaik 
dysentery  is  more  common.  In  British,  Dutch,  and  French  Guianiili 
not  very  common,  but  is  the  prevailing  foi-m  of  dysentery  in  Eio  fc 
Janeiro  and  many  other  parts  of  Brazil,  and  in  the  north  of  Chile 

Egypt  may  be  said  to  be  the  home  of  this  disease,  since,  fnni  jI 
accounts,  it  is  the  form  of  dysentery  almost  exclusively  observed  then,  fc 
is  not  so  certain,  however,  to  what  extent  it  prevails  as  a  pure  infectin 
In  Algeria  and  Senegal,  although  less  common  than  in  I^pt,  it  is  freqK* 
No  part  of  tropical  Africa  with  which  we  are  acquainted  is  free  ta 
amrebic  dysentery,  but  in  the  ordinary  circumstances  of  life,  thati8,if<l| 
from  military  expeditions,  it  does  not  appear  to  be  so  common  on  tf? 
parts  of  the  West  Cojist  as  the  bacillary  kind.  In  the  island  of  Mauri* ' 
it  is  endemic.  In  South  Africa  ama^bic  dysentery  is,  upon  theflA 
rare.  Major  Beveridge  found  amoebae  in  three  cases  only  of  dy«w^ 
which  he  examined.  It  is  also  rare  in  Ceylon,  where  Castellani  ^\ 
amtebge  t\vice  in  150  examinations  of  dysenteric  stools.  In  the  Cpp* 
Provinces  of  India,  according  to  Duncan,  the  disease  is  seldom  met  A 
and  in  Calcutta,  where  it  is  more  prevalent,  the  bacillary  is  stiBfc' 
common  form.  Amcebic  dysentery  exists  in  Siam,  Indo-Chiiia,  and  w? 
parts  of  China  proper,  but  to  what  extent  is  uncertain.  It  is  wij 
prevalent  in  the  Philippine  Islands,  where  it  has  been  the  scourge  o<  th 
American  troops.  Strong  and  Musgrave  noted  766  cases  of  hadbj 
dysentery  to  501  of  the  amoebic  form. 

Little  definite  is  known  respecting  the  character  of  the  locafiW 
where  amce])ic  dysentery  prevails,  but  it  is  well  ascertained  that  W 
conditions  are  of  considerable  significance  for  its  endemicity.  Lifc* 
states  that  in  North  America  the  disease  has  been  observed  more  frequeiflf 
in  <listricts  approaching  the  scii-level,  the  shores  of  the  Chesapeake  B^ 
the  Oulf  of  Mexico,  and  the  Mississippi  Valley.  In  India,  too,  itapp** 
to  be  more  common  on  the  coast-line  than  in  the  interior,  but,  accoitfi( 
to  Fernando,  the  contrary  is  the  case  in  (^eylon,  where  the  hill  di«tn* 
suffer  most.  The  remarkable  prevalence  of  the  disease  in  Egn*f 
probaljly  connected  with  the  annual  inundations  of  the  Nile,  and  t» 
effects  on  soil  and  water-supply.  It  may  be  safely  asserted  that  • 
prevalence  will  always  be  found  to  be  largely  determined  by  sanittti* 
and  water-supply. 

Sources  and  Vehicles  of  Infection. — Soil  and  water  are  the  !«*•" 
and  common  liabitats  of  amo»baj.  In  wann  climates  they  abound  i^ 
only  in  surface  waters,  but  in  cisterns,  tanks,  and  in  the  pipe-waW* 
eastern  cities.  These  organisms  are,  in  fact,  so  constantly  and  abuiKiwf 
present  in  drinking  water  in  tropical  and  subtropical  countries  that  if* 
or  most,  of  the  amcebw  present  in  water  were  pathogenetic,  anfl* 
dysentt'rv  shoukl  be  everywhere  one  of  the  commonest  of  diseases.  W 
common  vehicle  of  infection   is  believed  to   be   drinking  water.    T* 
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.ence  of  this  is  inferential     Instances  have  been  recorded  in  which  it 

l)een  found  that  patients  suffering  from  amoebic  dysentery  have 
ved  their  water  from  cisterns  swarming  with  amoebse.  Musgrave 
»rved  the  disease  to  spread  almost  epidemically  in  Manila  after  a 
i,  which  resulted  in  the  washing  out  of  cesspools  and  other  places 
;re,  but  for  this  flooding,  the  parasites  might  have  remained  harmless. 
1  almost  entire  absence  of  amoebic  dysentery  from  the  Indian  prisons 
another  reason  for  believing  that  drinking  water  is  an  important 
icle  of  infection.  Uncooked  vegetfibles  iind  fruits  are,  perhaps,  almost 
requent  vehicles  of  the  infection  in  tropical  countries  as  water.  In 
10  parts  of  the  East  the  dangerous  practice  prevails  of  watering  garden 
etables  with  diluted  hiunan  fseces,  which,  as  Schaudinn  has  shewn,  may 
tin  powers  of  infection  for  at  least  four  weeks.  Musgrave  and  Clegg 
'ivated  an  anKL'bit,  pathogenetic  to  animals,  from  a  lettuce  that  had 
>ady  been  washed  several  times  with  more  care  than  the  ordinary 
'hen-maid  bestows  on  the  cleansing  of  vegetables.     Sodr6  believes  that 

infection  is  often  conveyed  by  the  air ;  and  the  great  resistance  to 
Ught  exhil)ited  by  encysted  amoebae  leaves  little  doubt  that  amoebae 
It  be  frequently  carried  into  water  and  food  by  air  currents.  Fingers 
itensils  soiled  with  substances  containing  encysted  jmrasit^s  must  also  be 
coned  among  the  vehicles  of  infection.  Dopter  reports  an  instance  in 
eh  soldiers  who  had  never  been  out  of  France  contracted  amoebic 
entery  after  living  in  a  room  occupied  shortly  before  by  patients  with 

disease.  This  shews  the  danger  of  propagation  of  the  disease  in 
iperate  climates  by  chronic  cases. 

Seasonal  Prevalence. — Major  liogers  failed  to  find  any  marked 
K)nal  differences  in  the  admissions  for  amoebic  dysentery  in  Calcutta, 
leur,  on  the  other  hand,  sUites  that  out  of  13  cases  observed  at 
bimore,  1 2  occurred  dimng  the  warm  season.  It  may  be  inferred  from 
I  that  when  the  temperature  of  the  year  is  fairly  uniform  the  disease 

be  equally  distributed  over  the  different  seasons,  but  when  there  is  a 
l-marked  winter  and  summer  season  the  bulk  of  the  cases  will  fall  in 

latter. 

There  is  some  evidence  that  the 'vprevalence  of  amoebic  dysentery 
t  country  varies  considerably  in  different  years.  Craig  observed  that, 
sreas  the  cases  from  the  Philippines  admitted  into  the  Army  Hospital 
Ian  Francisco  in  1899-1900  were  mostly  bacillary,  those  received  after- 
"da  were  chiefly  amoebic.  Morgenroth,  in  the  siime  way,  found  ama'ba? 
irely  absent  from  the  stools  of  dysenteric  patients  in  China  in  certain 
ions  and  years,  while  at  other  times  they  were  invariably  present. 
i  cause  of  these  irregular  fluctuations  is  unknown. 

Personal  Factors — Age. — Children  have  the  disease  in  a  milder  form 
H  adults,  but  the  relative  liability  of  the  different  age-periods  has  not 
m  determined.  Riice. — It  is  doubtful  whether  race  hiis  any  influence 
iQsceptibility,  but  habituation  counts  for  much.  The  natives  of  a 
ility  where  amoebic  dysentery  is  endemic  are  less  subject  to  the 
action  than  strangers,  and  in  them  the  disease  is  more  amenable  to 
VOL.  II. — IT.  II  2  m 
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trealmetit.  The  UDiicGlimiitised  Caucasian  is  oepecially  suBceptibli!.  Tb* 
cannut  be  ascribed  to  the  less  fiivourable  sanitary  conditionB  under  t\A. 
he  Uvea,  as  compared  with  the  native,  nor  t<i  the  less  care  taken  to  seenn 
pure  drinking  water.  His  liability  is  rather  the  effect  of  climat«,  p>iDg 
rise  to  intestinal  congestions,  accentuated  by  alcoholic  indulgence  ud 
the  use  of  a  diet  unsuited  to  his  new  conditions  of  life,  Btx  by  itself  W 
no  infliiencQ  on  susceptibility.  The  smaller  proporti 
is  due  to  their  more  temperate  habits,  and  to  less  exposure  Ui  ik 
exciting  causes  of  the  disease.  It  has  been  observed  in  the  PhilippiMi 
that  troops  engaged  on  active  service,  and  consequently  exposed  to  £kttgai 
and  vicissitudes  of  weather,  furnish  a  larger  proportion'  of  cases  t' 
those  living  in  quarters.  A,  D. 

Amcaba — Amiehai  of  Ike  Ink^tintd  Cmuil  in  Man,. — T,.anibl  in  1860 
the  fit^t  to  call  attention  to  amuibce  in  the  stools.  The  bodies  ileserihed 
by  him  aa  amcebie  occurred  in  a  child,  and  varied  iu  size  from  4'6  fi  V> 
63  /i,  hut  there  is  some  doubt  whether  they  were  really  aniiehte.  Tm 
years  later  Lewis  observed  amoeba)  in  the  dejections  of  18  per  oat  ol 
cholera  patients  examined  by  him  in  India,  but  did  not  attach  anypntlKF 
logical  sigiiilicaace  to  tliem.  Of  far  greater  int«rest  is  the  oliacrvation  rf 
Loesch,  made  at  about  this  time,  but  published  three  years  later ;  >n  tltt 
stools  of  a  man  aged  tvventy-four  years,  who  eutfered  from  chronic  diairlMr^ 
IiO0,^ch  found  numerous  motile  araiebffi,  which  were  from  five  \o  digit 
times  the  size  of  red  corpuscles.  The  amcebs  are  accurately  deacril*4 
and  agree  in  all  essential  featur^ea  ivitli  the  pathogenetic  annvba  of  tk« 
human  intestine  as  now  accepted.  At  the  first  examination  the  anwW 
were  so  numerous  that  there  were  as  many  as  sixty  to  seventy  in  on* 
field  of  the  microscope.  Ordinary  treatment  was  not  followed  by  iDf 
improvement ;  but  after  Loesch  found  that  a  solution  of  quijune  1  iSOOO 
quickly  killed  the  amcebse,  and  injected  this  solution  into  the  bowd  «■! 
administered  the  dnig  by  the  mouth ;  the  patient  improved,  and  th 
amirbR  disappeared  from  the  stools,  only  to  reapjiear,  however,  when  tl» 
quinine  injections  were  left  ofi'.  Pleurisy  dcveloi>ed.  and  Uler  Ik 
amcebte,  without  special  treatmenit  disappeared  froTu  the  slooU,  ami  va< 
not  found  again  up  to  the  time  of  death,  which  was  caused  by  pneuflxni^ 
The  autop'iy  shewed  chronic  ulceration  of  the  large  inle&tine.  Portiao* 
of  the  stools  containing  amitbie  were  injected  into  four  Aogi.  Thra 
the  dogs  remained  well ;  the  fourth  developed,  eight  daya  hit«r,  nUCO 
stools  containing  the  amreba'.  The  animal  was  killed,  and  an  evaminatii 
of  the  largo  intestine  shewed  congestion  and  ulceTntioii.  Locscli,  bomv^i 
did  not  regard  the  amcebte  as  the  direct  cause  of  the  lesions,  but 
us  an  aiMittonal  irritjint  in  the  course  of  an  ordinary  dysentery.  L. . 
publication  was  followed  by  that  of  Rrassi,  who  hold  that  amnelHe  ftccim*' 
in  the  dejecta  of  healthy  persona  and  of  those  suffering  from  diarrli>i* 
and  that  althongh  they  were  more  numerous  in  the  latter  condition  th''.'' 
ha<.l  no  spec  ill]  jiathological  significance.  Graasi  obwrvwl  thai  ll* 
amoeba-  sometimes  included  leucocytes,  red  corpuscles,  and  starch,  ''^ 
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Hb  regarded  us  food.     Cuimingham  and   Lewis,  who   found  anuebie  in 

walthy  persons  and  in  patients  suffering  from  cholera  and  other  diseases, 

ermneoufily    considered    them  as  ti-anaitiotial    stages    of    flagellates    and 

sporozoa.      Robert  Koch  was  the  first  to  pay  attention,  in  Egypt,  to  the 

anicebfe    of    the    intestine.      In    1883,    in    the    course  of  his  work    uri 

cholera,  he  found  in  the  ulcerated  intestine  of  four  eases  of  dysentery 

amiebse  which  were  readily  differentiated  with  aniline  dyes.     In  one  case 

only,  in  which  the  ulcers  were  healed,  were  they  missed.     He  failed  to 

find  them  in  the  mucus ;  but  he  regarded  their  presence  in  the  deeper 

parts  of  the   ulcers  as  indicating  a  causal   relationship  to  dysentery-. 

Stimidaled  by  these  observations  and  Koch's  advice,  Kartulis  investigated 

nnmerous  cases  of  djrsentery  in  which  amoebie  occurred,  and  he  noted  a 

"  iiion  between  the  numbers  of  the  organisms  and  the  severity  of  the 

aptoms.     The  interest  aroused  by  Kartulis's  publications  brought  to 

It  several  oI)servaltons  by  Normund,  Honsino,  and  Perroneito,  which 

owed  Loesch's  paper,  and  dealt  with  anioebfo  in  colitis.     A  seiies  of 

[firmatory  observations  appeared.     Hlava  reported  the  positive  exaniina- 

1  of  fliirty  cases  of  dysentery,  and  the  injections  of  laboratory  animals 

h  fteces  containing  ama:bfe.      Of  six  cats  and  seventeen  dogs  which 

inoculated  he  obtained  in  four  cuts  and  two  dogs  results  which  he 

^rded  to  be  ]>ositive,  but  did  not  describe.     In  the  United  States 

I.  Osier,  Councilman  and  I^afleur,  Simon,  Muaser,  Stengel,  and  others 

lerved  amoebie  in  cases  of  dysentery,  and  regarded  them  as  identical 

li  those  described  by  Loesch  and  by  Kartulis.     At  about  the  same 

le  Fenoglio  of  Sorrento  described  amoabee,  associated  with  cercomonads 

I  thecggsof  Ti'iduicephalus  iriehiurus,\n  n  case  of  diarrhcui,  but  denied  that 

I  amcelMe  had  any  pathogenetic  properties,  while  Calandruccio  swallowed 

qraled  amtebte,  which  developed  and  were  still  present  twelve  days 

IBT  in    hia    normal    stools.       Maaaiutin    also    reported    from    Loesch's 

Bit   in   Kiew    that   amisbae    were  found    in    intestinal  diseases  other 

In  dysentery,     Further  results  confirmatory  of  Kartulis's  were  soon 

^lied  from  Germany  hy  Cahen,  Nasse,  and  Quincke  and  Roos,  from 

tolria  by  Kovaca,  from  Brazil  by  Lutz,  bo  that  at  present  there  is  a 

number  of  papers  supjwrting  this  opinion.      Kartulis  in  liia  later 

n  has  greatly  increased  the  number  of  cases  of  dysentery  examined 

I  positive  results,  and  the  cases  of  other  intestinal  diseases  shewing 

itive  results.      He  also  asserts  that  he  has  cultivated  the  dysentery 

ibce  in  a  hay  infusion,  but  this  is  probably  a  mistake.     He  undoubtedly 

iwever,  in  indiicing  in  a  eat,   by  the   injection  of  fresh 

Dteric  fieces,  an  attack  of  dysentery.     The  stools  contained  amccba?, 

the  cat  died  on  the  twelfth  day.      Kartulis  states  tbkt  he  has  pro- 

d  similar  lesions  with  the  cultivated  amteb®,  and  with  the  pus  from 

Dver  abscess  containing  amosbie  but  no  bacteria. 

Th»t  s))ec{al  forms  of  dysentery  and  of  hepatic  abscess  due  to  araisbte 

*'!«  is  established  by  these  observations.      More  recent  work  has  been 

MUtred    round   the    identity  and  mode  of   pathogenetic  action  of  the 

"niEbee  described  by  various  authors,  and  on  the  amcebe  occurring  in  the 
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ititestineB  of  patients  euBeriiig  from  diseasea  other  than  dyBeiitery,  >iul«( 
healthy  persons,  The  dostriptions  of  amixbie  »s  given  by  Grasd  do  uX 
agree  precisely  with  those  given  by  Loeach,  and  in  his  earlier  |M|i«n 
Kartitlis  did  not  give  consistent  descriptions.  Moreover,  it  is  doubtfnl 
whether  the  organisma  ingested  by  Calandruccio  are  to  be  re^pideil  h 
identiuiil  with  llie  unicebie  of  Loesch  and  of  Kartulis. 

One  of  the  earliest  attempts  at  seimration  of  a  virulent  from  ft  lodd 
form  of  ammbiB  was  made  by  Quincke  and  Roos.  They  observed  Vn 
cases  of  amcebic  colitis,  In  the  first  of  which  the  infection  was  canud  tif 
an  organism  agreeing  witli  the  amotba  of  Loesch  (Am/eba  ftJi),  while  in 
the  second  the  stools  contained,  besides  flagellates,  a  considerable  numlMi 
of  anioibie  larger  in  size  than  tlie  former  variety,  and  shewing  a  difienuU 
encysted  state  from  that  of  the  Avueha  eoli.  The  symptoms  iu  ibt 
second  patient  were  less  severe  than  in  the  first.  With  the  stools  of  tli* 
first  putient  eight  cats  were  injected  per  anura ;  six  developed  dyscnlwj' 
and  died  in  two  to  three  weeks,  shewing  ulceration  of  the  large  intestine 
at  the  autopsies.  Two  cats  were  fed  witli  non-encyste<l  aniusbs;  uid 
ware  uTiatTected  ;  four  othei«  were  fed  on  the  encysted  form  and  devebped 
dysentery.  The  stools  of  the  second  patient  protiuced  no  morbid  change* 
in  cats.  On  account  of  these  differences  Quincke  and  Roos  proposed  to 
call  the  second  organism  Amfeha  eoli  mitts.  Quincke  (ind  Itoo*  »I» 
investigated  the  normal  intestine  as  regards  the  presence  of  nitKubB. 
They  administered  Carlsbad  salts  to  twenty-four  persona,  in  nine  of  <rltaa 
nmcebsa  wore  foimd.  These  amrabm-containing  stools  are  almost  witlunl 
action  on  cats.  This  third,  harmless  variety  they  call  AtmAa  nljvit. 
Schuberg  also  succeeded  in  obtaining  amcebie  from  the  stools  of  hmldf 
persons  by  administering  Carlsbad  salts.  He  considers  them  to  beoor- 
mally  present  in  the  small  intestine  in  man.  A  simihtr  but  more  «IM> 
sivo  investigation  was  carried  out  by  Rnise  and  Pasquale.  While  in 
Italy,  m  ruaie  to  Egypt,  they  noted  the  appearance  of  amwhiD  in  tllW 
stools  which  remained  noi-mal,  and  in  Egypt  they  twice  found  amcubn  i" 
the  stools  from  thirty-hvo  healthy  ]iersons.  Hence  they  conclude  that  if 
some  countries  amcebie  are  occasionally  normal  inhabitants  of  the  intcsUot 
Their  work  on  amebic  dysentery  confirmed  that  of  Kartiilis  and  u( 
Councilman  and  Lafleur.  They  failed  to  cultivate  the  amicba  ftuD 
dysenteric  stools ;  but  with  fteces,  and  with  the  pus  from  absceases  of  lb" 
liver,  they  succeeded  in  producing  dysentery  in  cats.  In  llirM  d  llw 
successful  experiments  with  the  pus  of  hepatic  abscesses  bacUtift  w* 
absent.  They  recognised  a  pathogenetic  Amabn  di/Mnleria  as  tput  &• 
the  non-pathogen etic  Ainrefm  toU,  a  distinction  introduced  by  CouneillDlo 
tind  lialleur.  The  experiment  of  Zancarol  is  interesting  as  lienring  ai»i> 
the  power  of  pus  from  an  hepatic  abscess,  in  which  amiebu  could  m* 
be  found,  to  set  up  dyeenteiy  in  cats.  Hence  he  concluded  that  sloHlilJ  <> 
not  to  be  decided  upon  the  grounds  of  bacteriological  examination  nlOM| 
As  is  shewn  by  Boas'e  results  and  the  piu'tiul  failures  of  other  lixptn- 
menters,  dysentery  is  not  invariably  set  up  in  cats  by  the  injection  ^ 
^  fteces  containing  amcebw.     Since  the  evidence  is  strong  that  the  '     '  ~^ 


ami  chemical  coiistitiieiiU  of  ftecce  do  not  piodiicc  dysentery  in  cals,  and 
since  i[i  the  Eiiccossfiil  oxi>erintents  iimcpbto  wore  nlwaye  pi*e8ent  in  the 
injected  material,  it  mny  he  concluded  that  these  organismB  are  the  easen- 
tial  factors,  ulthoiigh,  owing  either  to  some  peculiarity  of  condition  or 
stage, of  development  in  the  parasites,  to  their  numbers,  or  to  the  great«r 
resistance  in  certain  cats,  and  possibly,  also,  to  the  mode  of  injection, 
some  only  of  the  inoculated  animals  develop  the  symptoms  and  lesions  of 
juntebic  dysentery.  Harris,  who  sncceeded  in  producing  dysentery  in 
ptippies  by  the  injection  into  the  rectum  of  stools  containing  ama-bee, 
with  the  pruduction  in  one  instance  of  nii  amcebic  iibacess  of  the  liver, 
failed  entirely  to  produce  a  simitar  lesion  by  the  inocnlntion  of  cultures 
of  all  the  bacteria  that  could  be  isolated  from  the  stools,  Kruse  and 
pHsqniile  also  failed  to  set  up  dysentery  in  cats  by  means  of  bacterial 
rtdlTiree  of  dysenteric  stools  or  with  amcebte-freo  stools  of  dysenteric 
[wtieiits.  Marchoux  was  successfid  in  causing  dysentery  by  means  of 
ama-bic  stools  in  a  series  of  twenty  cats,  and  in  those  which  suriived  tliB 
injections  for  fifteen  days  or  longer,  absccGBeE  of  the  Hver,  single,  aa  a  lule, 
but  sometimes  multiple,  developed.  Once  seven  or  eight  small  a1»cesses 
were  encountered.  Heating  the  dejecta  to  46°  C.  for  thirty-five  minutes, 
which  destroys  the  ama-bie  but  not  the  bacteria,  rendered  the  injections 
negative. 

The  evidence  which  these  observations  supply  is  to  the  effect  that  in 
the  intestine  of  man  amoebai  ai-e  not  uncommonly  present  as  saprophytes, 
md  in  the  tropics  and  niiiny  countries  of  eubtropicat  and  temperate 
climates  a  s])ecies  of  pathogenetic  amrela  also  exists  which  is  capable  of 
producing  dysentery  and  hepatic  abscess.  The  pecidiar  foi-m  of  dysen- 
tery caused  by  this  pai-asitic  amoeba,  to  distinguish  it  from  the  dysenteric 
(liflease  caused  by  the  Bo'-illus  dt/nenterw,  is  called  amcebic  dysentery ; 
and  the  hepatic  abscess  produced  by  the  invasion  of  amcebie  into  the  liver 
is  e&lled  amoebic  absuesB.  It  is  possible  to  produce  experimentally  in  cats 
and  yoting  dogs  a  fatal  form  of  colitis,  in  which  the  symptoms  and  lesions 
•re  those  of  dysentery  in  man  ;  and  in  some  instances  the  lesions  in  the 
colon  have  been  followed  by  the  appearance  of  hepatic  abscesses  resembling 
tboM  in  man. 

BvHogy  of  the  Amitba.  of  the  Intestinal  Cnnal  in  Man. — The  importance 
of  obtaining  cultures  of  the  amcshiE  outside  the  body  has  been  clear  to 
aD  iDvestigatoi-s  of  this  subject.  The  results,  up  to  the  very  recent  pub- 
lieation  of  hlusgrave  nnd  Clegg,  have  been  negative  so  far  as  the  patho- 
genetic species  in  man  is  concerned.  Clunningham,  Grassi,  Knrtulis,  and 
Viraldi  believed  that  they  had  cultivated  the  Amaha  mU.  In  spite  of 
ibn  more  or  less  successful  inoculations  of  cats  with  these  cultures  by 
Kartulis  and  Vivaldi,  it  is  extremely  doubtful  whether  they  really  worked 
with  cultures  of  this  araceba.  Knise  and  Pasquale  failed  to  cultivate 
Amteha  coH.  although  they  obtained  cultures  of  saprophytic  amcelue  by 
following  the  methods  of  the  previous  investigators.  Saprophytic  amoeba.' 
bave  been  grown  on  solifi  culture  media,  on  which  they  have  been 
Mparated   more  or  less  completely  from   extraneous  substances  except 


Indiu  Islands,  it  may  be  inferred  that  amcebic  dysentery  is  not  of  frequcn; 
occurrence.  Dr.  D.  M.  Roes  siiya,  "  I  have  never  seen  «  case  of  heiaiii 
absucBs  follow  dyseiitery  contnictcd  in  Jamaica."  This  agrees  with  wriie 
accounts.  In  Cuba,  Martinique,  and  some  of  the  other  isUmls.  aintbic 
dysentery  is  more  common.  In  British,  Dutch,  and  French  tiuiaiuitit 
nob  very  common,  but  is  the  prevailing  foi'm  of  dysentery  in  Itio  it 
Janeiro  and  many  other  parts  of  Brazil,  and  in  the  north  of  Chile. 

Egypt  may  he  said  to  be  the  home  of  this  disease,  aincu,  from  tU 
accounts,  it  is  the  form  of  dysentery  almost  exclusively  oliservod  tbert.  It 
is  not  80  certain,  however,  to  what  extent  it  prevails  as  a  pure  infection. 
Ill  Algeria  and  Senegal,  although  less  common  tlrnn  in  Egypt.,  it  is  frt-queiii- 
No  part  of  tropical  Africa  with  which  we  are  acquainted  is  free  fnai 
amcebic  dysentery,  but  in  the  ordinary  circumstances  of  life,  that  is,  apirt 
from  military  expeditions,  it  does  not  appear  to  be  so  comniun  on 
parts  of  the  West  Coast  as  the  bacillary  kind.  In  the  island  of  Mauiitiw 
it  is  endemic.  In  South  Africa  ama-bic  dysentery  is,  upon  the  *bol«. 
rare.  Major  Beveridge  found  amoebte  in  three  cases  only  of  dyseuwiy 
which  he  examined.  It  is  also  rare  in  Ceylon,  where  Castellani  ioaat 
nmcebse  tmce  in  1.10  examinations  of  dysenteric  stools,  In  the  Cpptr 
Provinces  of  India,  according  to  Duncan,  the  disease  is  seldom  met  villi, 
and  in  Calcutta,  where  it  ia  more  prevalent,  the  bacillary  is  still  l^ 
common  form.  Amcebic  dysenteiy  exisW  in  Siam,  Indo^China,  and  aaay 
parts  of  China  proper,  but  to  what  extent  is  uncertain.  It  is  voy 
prevalent  in  the  Philippine  Islands,  where  it  has  been  the  scourga  of  ifat 
American  troops.  Strong  anil  Miisgravc  noted  766  cases  of  hiailltfy 
dysentery  to  5C 1  of  the  amcebic  form. 

Little  definite  is  known  respecting  the  character  of  the  localttifs 
where  amcebic  dysentery  prevails,  but  it  is  welt  ascertained  that  tool 
conditions  are  of  considerable  significance  for  its  enderaieity.  LAwr 
states  that  in  North  America  the  disease  has  been  observed  mora  frequentl}' 
iti  districts  approaching  the  sea-level,  the  shores  of  the  Chesapeake  bj. 
the  Gulf  of  Mexico,  and  the  Mississippi  Valley.  In  India,  ion,  it  a]^>Mr> 
to  be  more  common  on  the  coasl^line  than  in  the  interior,  but,  accotding 
to  Fernando,  the  contrary  is  the  case  in  Ceylon,  where  the  hill  districU 
suffer  mosL  The  remarkable  prevalence  of  the  disease  in  E^gyP^ 
probably  connected  with  the  annual  inundations  of  the  Nile,  and  tw' 
effecte  on  soil  and  water-supply.  It  may  be  safely  asserted  llut  It* 
prevalence  will  always  be  found  to  be  largely  determined  by  sanitili* 
and  water-supply. 

Sources  and  Vehicles  of  Inrectlan. — Soil  and  water  are  the  notnnl 
and  common  habitats  of  amnibfe.  In  warm  climates  they  abound  f^ 
only  in  surface  waters,  but  in  eisterne,  tanks,  and  in  the  pipe-waW  " 
eastern  cities.  These  organisms  are,  in  fact,  so  constantly  anil  ahiiiid*B°y 
present  in  drinking  water  in  tropical  and  subtropical  countries  that  if  "U- 
or  most,  of  the  amcebfe  present  in  water  were  pathogenetic,  uBO"*' 
dysentery  should  be  everywhere  one  of  the  commonest  of  diseases.  Tb* 
common  vehicle  of  infection  is  believed  to   be   drinking  walw. 
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idled  successfully  by  Casagrandi  and  Barbagallo,  and  especially  by 
haudinn.  The  first  authors  have  given  an  exact  account  of  the 
velopment  of  the  non-pathogenetic  species,  while  Schaudinn  has  con- 
med  and  extended  their  studies,  and  brought  to  light  many  facts  of  the 
•velopment  of  the  pathogenetic  species.  According  to  the  nomenclature 
trodiiced  by  Schaudinn  the  first  should  be  called  Eniairmha  coli ;  and 
6  second,  Entamoeba  hUtolytica,  (For  the  morphology  of  the  Amceba, 
ep.  17.) 

Schaudinn  would  seem  to  have  succeeded  in  causing  dysentery  in  cats 
r  means  of  s[)ores  of  Amceba  histolytica,  A  small  portion  of  fseces  was 
led  in  the  air,  and  then  suspended  in  a  small  quantity  of  water ;  from 
le  thick  suspension  microscopical  preparations  were  prepared,  and  on 
•reful  examination  were  found  to  be  free  from  encysted  forms,  but 
'  contain  spores  of  the  amoeba.  The  material  was  now  washed  off  the 
ides  with  water  mixed  with  milk,  and  administered  by  the  mouth  to 
to ;  two  of  these  developed  dysentery — a  young  animal,  which  died  of 
«  disease  and  shewed  early  and  characteristic  lesions,  and  an  older  one 
kich  eventually  recovered.  The  stools  of  the  animals,  free  from  amoebse 
ifore  the  experiment,  contained  many  after  the  administration  of  the 
lukion.  That  the  lesions  of  amoebic  dysentery  can  be  produced  by  the 
GSestion  of  spores  of  Amwha  histolytica  is  rendered  highly  probable  by 
i«  result. 

Simon  Flexneu. 

Morbid  Anatomy — Site  of  Lesion. — The  whole  of  the  large  intestine 
y  be  involved,  but  the  lesions  seldom  extend  above  the  ileo-caecal 
V€.  Frequently  they  are  limited  to  one  segment  of  the  intestine,  or, 
least,  the  briuit  of  the  disease  falls  on  one  part,  the  rest  of  the  bowel 
Qg  only  slightly  affected.  Kartulis  found  the  whole  of  the  large 
Mine  involved  in  half  the  cases  observed  in  Egypt ;  in  one-fourth  the 
t  of  the  disease  was  the  descending  colon  and  sigmoid  flexure;  in 
>iher  fourth  the  c^cum  was  affected  together  with  the  ascending  or  the 
sending  colon,  or  the  rectum.  The  rectum  was  affected  in  one-fifth 
his  cases,  and  the  caecum  alone  in  only  one- twentieth.  Major  Kogers, 
Calcutta,  found  the  lesions  most  marked  in  the  caecum  and  ascending 
On,  and  not  rarely  limited  to  these  parts.  Lafleur  likewise  states  that 
the  majority  of  cases  the  caecum  and  ascending  colon  are  affected. 
18  agrees  with  my  own  observations.  In  seven  out  of  one  hundred  and 
y  necropsies  by  Musgi*ave  in  the  Philippine  Islands,  amoebic  infection 
the  appendix  was  found,  and  in  three  of  these  the  caecum  was  also 
igrenous,  and  death  resulted  from  peritonitis  following  perforation. 
e  evidence  points  to  a  varying  localisation  of  the  lesions  in  different 
intries,  for  which  no  explanation  can  be  offered.  Does  it  de)^nd  on 
'  varying  frequency  of  mixed  infections  in  different  countries  1 

The  characteristic  lesion  of  amoebic  dysentery  consists  in  circum- 
ibed  areas  of  thickening  and  necrosis  in  the  submucosa,  which  appear 
iharply  defined  nodules  projecting  into  the  lumen  of  the  bowel,  giving 
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nse  to  ulcers  with  thickened,  undermined  edges — the  mucosa  itself 
involved  Hecondarily  and  to  a  less  extent.  The  nodules  vary  in  size  froaa 
that  of  a  hemp-seed  to  a  pea  or  bean.  The  smaller  ones  are  round,  ti 
larger  oval,  and  are  most  frequently  seated  on  the  folds  of  the 
membrane.  On  incision  they  are  foiuid  to  contain  a  grayish-yeDor^ 
viscid  substance,  consisting  of  broken-down  tissue,  red  }>lood-corpU£dei^ 
a  few  pus-cells,  and  amcebse.  The  necrosis  of  the  mucosa  gives  rise  tn  ^ 
small  opening,  communicating  with  the  focus  of  disease  in  the  submucc^^ 
An  ulcer  is  thus  established  which  increases  by  extension  of  the  necratK 
process  in  the  submucous  tissue,  and,  to  a  less  extent,  by  the  destmctioKi 
of  the  overlying  mucous  membrane,  giving  rise  to  the  characteristic  iiloe»- 
en  boutan  de  chemise.  The  ulcers  thus  formed  are  round  or  oval,  and  in 
the  latter  case  ai-e  seated  transversely  to  the  long  axis  of  the  bowdL 
They  vary  in  size  from  a  few  lines  to  one  or  two  inches,  and,  by  coalescence 
with  neighl)ouring  ulcers,  they  arc  often  much  larger  and  irregular  ■ 
form.  They  vary  greatly  in  depth.  As  a  rule,  their  l>a8e  is  the  mb- 
mucosa  ;  sometimes  it  is  foiTned  by  the  muscular  coat,  and  in  severe  cwai 
their  floor  is  formed  hy  the  thickened  subserous  tissue.  The  ulcer,  wta 
recent,  is  covered  by  a  tawny,  gelatinous  coating,  consisting  of  necroarf 
tissue,  am(Bbae,  red  blood-corpuscles,  a  few  pus-cells,  and  bacterit :  the 
last  are  most  abundant  in  the  superficial  layer.  The  base  is  covered  wtt 
a  dark  slough  when  gangrene  is  present.  In  chronic  ulcers  the  !»«■ 
thickened,  |)ale,  and  sometimes  pigmented.  When  the  healing  proce* 
sets  in  the  ulcer  presents  a  clean,  gi*anulating  surface.  The  borders  of  tke 
characteristic  amoebic  ulcer  are  raised  above  the  level  of  the  surroundiifS 
healthy  mucosa.  In  recent  cases  the  edges  are  ra^ed  and  undenninei 
fistulous  tracks  oft<3n  connecting  neighbouring  ulcers.  For  a  wjnl 
distance  from  the  margin  of  the  ulcer  the  submucosa  is  thickeDfii 
oudematous,  softened,  infiltrated  with  lymphocytes,  and  contains  amoelif, 
especially  along  the  advancing  line  of  necrosis.  The  cells  of  the  ti** 
undergo  degeneration,  and  the  intercellular  substance  breaks  down  intoi 
necrotic  mass.  The  lymphatics  are  dilated,  the  blood-vessels  congeiw 
or  thrombosed,  and  their  walls  infiltrated  with  round  cells.  The  muc(* 
is  comparatively  slightly  affected.  The  tubular  glands  in  the  immediilf 
neighbourhood  of  the  ulcers  will  be  found  more  or  less  dilated,  distortei 
or  cystic ;  their  epithelium  cloudy,  swollen,  or  detached.  The  solitfj 
follicles  are  sometimes  enlarged  or  ulcerated,  at  other  times  normal.  H* 
mucosa  between  the  ulcei's  is  generally  normal,  but  patches  of  superik* 
necrosis,  of  l»acillary  origin,  are  occiisionally  obser^'ell.  When  maafl'* 
gangrene  occurs,  larger  or  smaller  sloughs,  or  even  tubular  portions  dw 
inner  coats,  may  be  jmssed  by  stool,  leaving  ulcers  which  present  ^ 
specific  characters. 

The  ama*ba?  are  found  in  the  viscid  contents  of  the  nodules,  in  tr 
gelatinous  matter  covei-ing  the  ulcers,  and  in  the  extending  are*  * 
necrosis  in  the  submucosa.  When  the  muscular  coat  is  involved,  thff 
are  found,  according  to  Lafleur,  "  exclusively  in  the  intermuscular  «p** 
of  connective   tissue,   in   the  loose  meshes  of  the  subserous  connecti'* 
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mav  even  invade  the  fat  of  the  mesocolon."  AnKt^bae  are  also 
met  with  in  the  lymphatics  and  veins. 
^  '^vliat  path  do  the  amoebae  reach  the  submucous  tissue  %  Many 
^  t.hat  they  penetrate  by  the  interglandular  tissue.  Jiirgens  and 
5^  liold  that  they  enter  by  Lioberkiihn's  crypts,  and  Schaudinn 
•ea  at  the  same  conclusion.  "  I  frequently  find  amoebse,"  he  says,  "  in 
»*  yet,  healthy  |>art8  of  the  mucosa  in  the  glands  of  Lieberkiihn,  and 
t\ien  follow  them  into  the  submucosa."  It  is  bv  no  means  certain, 
fever,  that  they  always  follow  the  same  route.  * 
In  the  more  chronic  cases  the  bowel  contains  ulcers  in  all  stages  of 
olution  and  repair.  The  mucous  surface  of  the  intestine  is  here  pale, 
ere  congested,  in  another  part  pigmented.  Pigmented  spots,  indicating 
«  sites  of  small  ulcers,  are  seen  along  with  linear  or  radiating  cicatrices, 
«  result  of  more  extensive  lesions.  Side  by  side  there  may  l)e  chronic 
cere  with  callous,  thickened  edges,  but  still  containing  amoebje,  recent 
iM  with  ragged  edges,  and  sloughing  lesions  of  varying  extent.  In  short, 
B  pathological  fogies  of  chronic  amoebic  dysentery  differs  in  different 
»«  and  in  different  parts  of  the  same  bowel.  In  the  more  severe  cases 
long  standing,  the  wall  of  the  bowel  is  thickened  and  hard,  and  its 
Den  contnictcd.  Sometimes  distinct  cicatricial  contractions  are  present, 
i>ve  which  the  bowel  is  dilated.  The  peritoneum  participates  in  the 
>ce88.  It  is  thickened  and  discoloured  at  parts  con-esponding  to  deej) 
W8.  Adhesions  often  exist  between  the  large  intestine  and  the  coils 
the  small  intestine,  the  wall  of  the  abdomen,  or  the  neighbouring 
Cera,  giving  rise  to  displacements.  Perforation,  followed  l)y  general 
itonitis,  is  by  no  means  a  rare  termination  of  this  dangerous  malady. 
'cumscril)ed  abscess  is  also  met  with. 

Symptoms — Acute  Form, — The  onset  of  amoebic  dysentery  is 
asionally  sudden  and  its  course  acute.  So  far  as  my  experience  goes, 
<  acute  form  is  rare  in  the  tropics,  but  it  is  possible  that  cases  of  this 
td  have  been  mistaken  for  biicillary  dysentery.  The  patient  is  seized 
h  colicky  pains  and  tenesmus,  often  severe  in  proportion  to  the  gravity 
the  disease.  The  stools  are  at  fii'st  frequent  and  scanty,  consisting  of 
CU8  alone  or  mucus  streaked  with  blood,  or  mixed  with  thin  fsecal 
tters.  Aiter  a  few  days  they  become  more  copious,  watery,  and 
eddy,  of  a  brownish-red  colour,  or  they  present  the  consistence  of 
el,  semi-viscid  from  admixture  of  mucus,  with  a  yellow,  green,  or 
legated  scum  and  a  little  fluid  blood  floating  on  the  surface.  If 
igrene  sots  in,  sloughs  of  varying  size  and  thickness,  with  clots  of 
xl,are  passe<l — the  motions  acquiring  at  the  same  time  an  insufferably 
Qsive,  gangrenous  odour.  At  this  stage  the  motions  may  become  less 
luent  and  the  tenesmus  less  severe,  gi>'ing  rise  to  delusive  hopes  of 
indment.  A  considerable  amount  of  pure  blood — fluid  or  clotted — is 
letimes  ])assed.  Much  more  rarely  dangerous  haemorrhage  occurs. 
\  temperature  for  the  first  few  days  ranges  from  99°  to  102",  seldom 
ihing  103°  F. :  towards  the  end  it  falls  below  normal.  The  pulse 
Qoderately  accelerated  at  the  commencement,  becoming  rjipid  and  weak 


as  ihe  (listMBe  iidvanceB.  The  appetite  is  lost.  The  tongue,  at  fint  moiit, 
liecomes  dry  and  brown  us  a  fatnl  iaatie  is  approaching.  Marked  proUn- 
tion  Ls  always  present  in  dangerous  cases.  The  mine  often  coiitaim  i 
trace  of  albumin.  Death  takes  place  in  a  week  oi'  ten  d&yt  inm 
exhaustion  or  from  perforation  with  general  peritonitis.  In  the  ItM 
severe  forms  recovery — permanent  or  temporary — occurB,  or  the  symptoB* 
gradunlly  moderate,  persisting  in  a  milder  form  to  prove  fataJ  or  oiil  io 
recovery  at  a  later  peiiod.  Acute  or  subacute  attacks,  inateaH  of  opmi' 
the  scene,  may  occur  during  the  course  of  the  cbroniv  flisease. 

Vhronie  Fiirm. — Amcebic  dysentery  in  the  vast  majority  of  cases  n 
a  chronic  course,  with  irregularly  recurring  periods  of  quieweiice  uA 
exacerbations.  It  often  begins  quite  insidiously.  A  case  is  reportvd  in 
which  amo)hic  dysentery,  followed  by  liver  abscess,  occurred  in  En^saii 
two  years  after  tho  patient  had  retunied  from  the  Mcditerriwewi. 
had  apparently  been  latent  all  this  time.  In  some,  even  of  the  cjue«  vi 
acute  onset,  ulcers  have  been  found  in  the  bowel  which  must  have  dslcd 
back  for  months  before  the  acute  attack  began,  and  had  been  atimM 
with  such  mild  symptoms  as  not  to  attiwit  the  notice  of  ifao  patient.  Ai 
tiuieH  the  bowels  nre  somewhat  loose,  but  this  hardly  attracts  atlentiun. 
and  there  are  intervals,  more  or  less  prolonged,  during  which  thn  bonis 
arc  regular  or  constipated.  This  state  of  things  may  last  for  »ev«nl 
months — occasionally  eveu  for  orie  or  two  years — with  little  dtslurbuKt 
of  the  general  health.  The  patient  feels,  indeed,  thut  be  has  lost  Mnw- 
thing  of  his  usual  vigour,  but  is  able  to  attend  to  his  duiie*,  nniil, 
perhaps,  a  more  severe  exacerbation,  attended  with  colic,  teneunoi.  ui 
iilxlominal  pain,  makes  him  seek  advice.  The  disease  may  mn  on  in  lUi 
insidious  way,  without  its  real  nature  being  susjiected,  until  liver  al* 
or  perforation  supervenes.  An  officer,  supposed  to  lie  suffering  f 
indigestion  and  "  liver,''  with  lo^  of  appetite  and  irregulaiity  of  the  ba*vt^ 
continued  to  perform  his  oiflinary,  and  by  no  means  light,  duties  intbt 
Royal  Engineers,  until  within  a  few  days  of  his  death  from  pwfonliOiH 
which  was  the  first  thing  to  open  the  eyes  of  his  medical  attendaa" " 
the  nature  of  the  disease. 

The  exacerbations  in  mild  coses  last  from  two  to  five  dayv.  Tb 
stools  are  loose  and  alkaline,  contaiin'ng  mucus  and  perhaps  a  littJe  lil<iw 
from  time  to  time.  The  motions  seldom  exceed  six  in  the  twenty  fev 
haul's,  and  are  passed  with  little  pain.  By  rest,  dieting,  or  trcaiioffli 
the  symptoms  subside  for  a  time, — the  stools  becoming  more  or  I»* 
formed.  In  not  a  few  cases  there  is  constipation.  The  fomicd  v 
pultjiceous  f»ce8  will  frequently  be  found  to  be  streakerl  or  mixed  willi 
mucns  containing  amtebce.  Tliix  period  of  quiescence  lasls  from  ten  I' 
fourteen  days,  more  or  less,  to  be  followed  by  another  exucerbation. 

In  the  graver  forms  developing  out  of  the  milder  types,  or  in  thai 
which  have  been  severe  from  the  commencement,  the  iutermlseioiU  ■> 
shorter,  the  exacerbations  more  pi-olonged,  and  the  stools  during  tfc» 
latter  moi-e  frequent,  more  distinctly  dysenteric  in  character,  ami  pi«« 
with  tenesmus.     Councilman  and  Lafleur  were  the  first  to  describe  tb* 
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ice  in  the  stools  during  acute  exacerbations  of  ''small,  opaque  or 
ucent,  gelatinous,  greyish-yellow  masses,  varying  in  size  from  a  pin's 
to  a  split-pea,  which  are  fragments  of  necrotic  tissue  from  the  bases 
e  ulcers,  always  containing  amoebse."  These  should  be  carefully 
t  for.  In  an  uncertain  proportion  of  cases  the  bacillus  of  dysentery 
)  met  with  in  the  faeces  during  the  exacerbation.  Charcot's  crystals 
•metimes  present  in  the  stools.  When  the  disease  has  gone  on  for 
time  the  general  health  becomes  notably  impaired.  There  is  loss  of 
te,  loss  of  strength,  loss  of  flesh,  and  anaemia.  The  digestion  is 
ered.  Undigested  portions  of  food  are  passed  in  the  stools.  The 
•ecomes  dry  and  of  an  earthy  colour,  the  tongue  glazed,  the  feet 
tkles  cedematous.  The  emaciation  in  many  cases  is  extreme.  The 
s  of  the  bones,  covered  with  dry  parchment-like  skin,  become 
ly  distinct  The  belly  on  either  side  is  hollowed  out,  with  the 
"al  column  visibly  projecting  in  the  middle  line.  Unless  an  acute 
>sttion  with  sloughing,  or  some  intercurrent  disease  or  complication 
1.'  end  to  the  patient's  sufferings,  he  dies  of  exhaustion.  When 
y  takes  place,  the  amosbae  disappear  from  the  stools,  which  assume 
^tural  appearance,  and  convalescence  is  slowly  established. 

some  cases,  when  recovery  has  apparently  taken  place,  small 
:"^main  in  the  bowel  without  giving  rise  to  symptoms.  These, 
a,  form  the  foci  from  which  amoebic  abscess  of  the  liver  develops 
Pter  all  trace  of  dysentery  has  disappeared.  Sodrc^  relates  an 
^  of  a  woman  who  passed  amoebae  in  her  stools  for  twenty 
^d  suffered  from  a  muco-sanguineous  discharge  for  four  or  five 
i^ery  month,  but  was  perfectly  well  in  the  intervals ;  the  character 
E^jnoebae  in  this  ciise  is,  however,  uncertain. 

Uplications. — The  most  common  complication  of  amccbic  dysentery 
ir  abscess  {vide  p.  571).  Perforation  occurs  most  frequently  in 
nous  cases,  but  it  also  occurs  in  the  insidious  form  of  the  disease. 
:  met  with  perforations  in  12  out  of  77  autopsies.  The  site  of 
Uion  is  the  sigmoid  flexure  and  rectum  in  half  the  number  of 
,B^renger-F^raud).  Haemorrhage  to  any  serious  extent  is  rare,  and 
Seldom  the  direct  cause  of  death.  Adhesions  and  displacements 
ing  from  peritonitis  have  already  been  noticed. 
lagnosis. — A  diagnosis  of  amoebic  dysentery  cannot  be  conclusively 
ished  from  the  discovery  of  amoebae  in  dysenteric  stools,  for,  as 
idinn  points  out,  harmless  amoebae,  as  well  as  other  protozoa,  are 
present  in  bacterial  dysentery  caused  by  the  Shiga-Flexner  bacillus. 
erum  test  is,  therefore,  of  value,  and  if  negative,  gives  ])athogenetic 
cance  to  the  amoebae.  In  chronic  cases  the  coui*se  of  the  disease  is 
characteristic.  An  intermittent  diarrhoea,  however  mild,  should 
ked  upon  with  suspicion  in  the  tropics,  and  lead  to  an  examination, 
f  need  be,  to  repeated  examination  of  the  stools.  When  amoebae 
all  numerous,  there  is  little  difficulty  in  finding  them  in  the  faeces, 
stools  be  examined  soon  after  being  passed,  and  while  still  warm, 
pnent  of  mucus  or  a  drop  of  the  liquid  faeces  is  put  on  a  slide,  a 
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€Over-glass  placed  lightly  over  it  and  examined  with  a  medium  puw. 
In  cold  weather,  the  hot  stage  should  be  used.  There  is  some  riikii 
mistaking  certain  large  granular  cells  described  by  Jurgens  which  appeir 
to  consist  of  an  endo-  and  ectoplasm,  and  other  objects  present  in  thefaKO, 
for  resting  amoeba?,  and  it  is  a  safe  nile  not  to  make  a  positive  diagnoa 
unless  motile  forms  are  observed. 

Prognosis. — The  case-mortality  cannot  be  under  20  per  cent,  ud 
sometimes  is  much  higher.  The  prognosis  should  be  guarded,  howew 
mild  a  case  may  appear.  The  intractable  nature  of  the  disease  has  ib 
to  be  borne  in  mind.     After  apparent  recovery  relapses  are  apt  to  ocnr. 

Prophylaxis. — The  principal  measures  to  be  adopted  for  the  prevo- 
tion  of  amcebic  dysentery  may  be  summarised  as  follows  :  (1)  The  thowo^ 
disinfection  and  safe  disposal  of  dysenteric  stools,  which  are  none  theki 
dangerous  when  they  become  formed  during  a  period  of  quiescence.  (9 
The  substitution,  when  possible,  of  the  water-caniage  system  forprivieiai 
cesspools.  Where  this  is  impossible  the  adoption  of  measures  to  preTrt 
as  far  as  possible,  the  pollution  of  soil  and  water.  (3)  To  secure  a  miff- 
supply  from  a  pure  source,  its  filtration,  and  safe  storage.  When  tab 
and  cisterns  are  in  use  the  utmost  care  should  be  taken  to  protect  tbei 
from  contamination.  (4)  Thorough  draining  of  the  soil.  (5)  TheKi 
ing  of  water  used  either  for  domestic  or  drinking  pur]x>se&  (6)  TV 
cleanly  cultivation  and  scnipulous  washing  and,  if  need  be,  scaldii^t' 
raw  vegetables.  (7)  An  easily  digested,  pon-irritating  dietj  and  fc 
avoidance  of  excesses,  fatigue,  and  exposure. 

Treatment. — In  the  acute  form  of  the  disease,  and  during  the  exi* 
bations  of  the  chronic  form,  the  patient  should  be  confined  to  lui 
During  the  intennissions  carefully  regulated  exercise,  according  tofc 
requirements  of  each  case,  is  beneficial.  When  acute  symptoms  »* 
present,  the  diet  should  be  restricted  to  milk,  chicken-tea,  barley-witt 
egg-albumin,  beef-juice,  and  the  like.  In  the  more  chronic  forms,  Butn 
it  agrees  with  the  patient,  should  still  form  the  staple  diet-,  but  mild  fa^ 
naceous  foods  and  eggs  may  be  allowed.  Some  cases  do  well  on  ra'* 
half-cooked  meat  finely  minced.  Stimulants  in  small  and  frequent  do* 
are  necessary  when  prostration  sets  in. 

For  severe  abdominal  pains,  poultices,  turpentine-stupes,  or  kvp*" 
dermic  injections  of  morphine  are  to  be  resorted  to.  Small  encm«w 
laudanum  and  starch  are  particularly  useful  in  relie^'ing  the  teneflB* 
when  the  disease  is  in  the  lower  bowel.  Change  of  climate  is  to  ■ 
recommended  in  o])stinate  cases,  but  when  the  disease  comes  undw  ^ 
ment  at  the  l)eginning,  when  the  regular  administration  of  enemas  ii  • 
import^int,  it  is  not  advisable  to  send  the  patient  at  once  on  a  vqjH^ 
as  this  gives  the  disease  an  opportimity  of  establishing  itself  bA^ 
efficient  treatment  can  be  adopted. 

It  is  only  in  cases  of  primary  acute  mixed  infections  that  b** 
can  be  hoped  for  from  the  use  of  ipecacuanha,  and  even  in  these* 
employment  is  of  somewhat  doubtful  advantage.  The  safest  lin*  * 
treatment  in  this  form  is  the  use  of  eliminative  and  antiseptic  remw 


AMCERIC  DYSENIERY  541 

with  large  enemas  when  they  can  be  tolerated.  The  sulphate 
Jium  in  drachm  doses  every  three  or  four  hours,  or  castor 
,ce  or  twice  a  day,  may  be  given  along  with  benzo-naphthol  or 
If  sloughing  sets  in,  turpentine  in  small  doses  may  be  given  in 
ige  or  in  larger  doses  along  with  aistor  oil.  J^arge  warm  enemas 
nine  of  a  strength  of  1  in  1000  should  be  employed.  The  irrita- 
nd  ptiin  is  sometimes  so  great  that  their  frequent  administration  is 
It,  but,  when  possible,  they  should  be  given  two  or  three  times  in  the 
y-four  hours.  I  have  sometimes  found  good  results  from  boracic  acid 
ons,  10  gi-ains  to  the  ounce.     These  may  1x3  advantageously  alter- 

with  quinine  enemas.  Ford  recommends  0*10  to  0'40  per  cent 
)ns  of  eucalyptus  gum  as  quite  the  most  valuable  drug  for  rectal  use 
J  acute  form  of  the  disease.  It  may  be  given  in  milk,  water,  or  a 
re  of  milk  and  olive  oil.  I  have  no  experience  of  this  remedy  in 
ute  form,  but  it  seems  to  deserve  a  trial, 
uch  difference  of  opinion  exists  as  to  the  utility  of  internal  remedies 

by  the  mouth  in  the  ordinary  chronic  form  of  the  disease.  My 
xperience  of  i{X)cacuanha  has  not  been  encouniging,  but  others  have 
it  useful.  Sodr6  considers  that,  given  by  the  Brazilian  method  (see 
I),  it  gives  the  best  and  surest  results.  Birmingham  found  "that 
'mptoms  in  most  cases  responded  promptly  to  the  ipecacuanha 
lent  in  3  to  4  gramme  doses."  Koemer  was  successful  in  three  out 
enteen  cases  by  the  fidministration  of  a  strong  preparation  of  the 
of  simaruba  and  pomegranate  root.  Dr.  Huntly  found,  in  the  Ciise 
own  child,  that  amendment  followed  drachm  doses  of  a  1  in  10,000 
m  of  the  perchloride  of  mercury  ;  in  some  cjises  that  have  not  reacted 
mas  I  have  found  frequent  small  doses  of  use.  Kartulis  gives  three- 
trs  of  a  grain  of  cfilomel  ten  times  in  twenty -four  hours  for  several  days, 
amcelxicidal  action,  either  alone  or  combined  with  naphthalin,  and  he 
3ly  had  opportunity  in  Egypt  of  forming  an  opinion  on  the  efficiency 
J  remedy.  It  is  evident  that  these  doses  cannot  be  persisted  in  for 
iugth  of  time.    Quincke  gave  calomel  alone  in  the  s<'ime  dose  at  fii-st 

then  gnidually  increasing  to  four  times  a  day.  Calomel  in  small 
given  two  or  three  times  daily  does  undoubtedly  reduce  the  number 

stools  and  improve  their  character,  and  causes  a  temporary  dis- 
rance  of  the  amteba.*,  but  in  my  experience  it  seldom  effects  a  per- 
it  improvement.  Most  reliance  should  be  placed  on  rectal  medication, 
rous  substances  are  amtrhicidal ;  Imt  the  difficulty  lies  in  reaching 
krasite  by  dnigs  administered  by  enema  when  it  is  burrowing  under 
ucosa.  Hence  the  importance  of  early  treatment,  before  the  sub- 
a  is  extensively  invaded.  Prof.  Osier  spciiks  highly  of  the  value 
rm  quinine  injections  of  the  strength  of  1  to  5000,  1  to  2500, 
o  1000.  Quinine  is  the  drug  most  frequently  employed,  and  the 
»  are  often  satisfactory,  especially  when  resorted  to  early.  If  the 
a  does  not  yield  to  solutions  of  the  strength  recommended  by 
Osier,  solutions  of  1  to  750  may  be  tried.  One  and  a  half  t^) 
pints  of  the  solution   should  be  introduced  slowly  by  gravitation 


5+1  SYSTEAf  OF  MEDICINE 

through  a  soft  rubber  tube  passed  well  up  the  bowel.  Quinb^,  hwr- 
ever,  eveu  in  etrong  solutions,  frequently  fails,  aud  in  tbis  case  rncoimt 
should  be  hjid  bo  some  other  ama>bacide.  Harris  obtained  lh«  b«t  n- 
Bult3  by  injecting  about  two  pints,  twice  a  day,  of  ihe  ortliiiary  sotiitioaof 
hydrogen  peroxide,  diluted  with  four  to  eight  times  its  amount  of  inter 
This  may  be  given  on  alternate  days  with  quinine.  Some,  again,  prfer 
permanganate  of  potassium,  four  to  seven  grains  to  a  piut.  Ford  b^cni 
that  no  drug  rivals  eucalyptol  in  solutions  of  0'05  to  0"20  jJer  cent,  in 
sterile  water,  or  normal  salt  solution.  U[>on  the  appearance  of  an  rxicer- 
bation  he  recommends  that  eucalyptus  gum  be  subetitutod.  I  tried  tbb 
with  apparent  benefit  in  one  case,  but  it  is  still  doubtful  whether  the  cm 
is  permanent  Enemas  of  nitrate  of  silver,  \  to  1  grain  to  the  onncc, 
after  the  bowel  lias  been  well  washed  out,  or  sulphate  of  copper, }  U ! 
gnitns  to  the  ounce,  should  be  tried  in  obstinate  and  chronic  casa^  m 
recommended  for  chronic  bacillary  dysentery,  Dr.  Sand  with  strongly 
recommends  enemas  of  sulphate  of  copper  with  starch  and  opium  from 
the  outset,  provided  there  are  no  symptoms  threatening  perforation. 

Hemorrhage  is  to  be  conii-olled  by  ergotin  or  adrenalin,  or  by  kb 
applied  to  the  abdomen.  When  perforation  takes  place,  with  geneml 
pei'itonitis,  all  that  can  be  done  is  to  relieve  pain.  Operative  piucuduns 
will  generally  be  out  of  the  question. 

Andrew  Davidsok. 
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III. — Other  Dysenteric  Affections  ascribed  to  Protozoa 

By  Andrew  Davidson,  M.D.,  F.R.C.P.Ed. 

Spirillar  Dysentery. — Le  Dantec  has  described  a  form  of  dyaenwy 
caused  by  a  spirillum,  not  infrequently  seen  in  the  south-west  of  Fniw, 
especially  in  and  around  Bordeaux,  but  which  may  prove  to  haw* 
^vider  distribution.  The  spirillum,  which  has  not  been  cultivated,  is  6 1» 
12/x  in  length  and  is  readily  detected  in  the  mucus  of  the  stooli  ^ 
thin  film  of  a  ])(>rtion  of  gray  mucus  from  the  faeces  is  fixed  in  alcohol-ete 
coloured  by  dilute  Ziehl  solution,  washed  in  water,  and  examined  unfa 
an  oil-immersion.  The  spirilla  occupy  the  summits  and  interior  of  t^ 
epithelial  colls,  which  they  destroy,  and  in  this  way  cause  superfiil 
ulceration  of  the  mucosa. 

Tlie  symptoms  are  those  of  a  mild,  non-febrile  dysentery,  which  hi 
never  been  observed  to  prove  fatal,  but  which,  if  neglected  or  improper 
treated,  may  persist  for  months.  Le  Dantec  mentions  a  case,  treated  tf 
bismuth,  salol,  tannin,  pancreatin,  and  pepsin,  which  persisted  forii 
months,  but  ultimately  yielded  to  antiseptic  enemas.  This  method  f 
treatment  speedily  effects  a  cure  in  recent  cases,  but  must  be  continai' 
for  a  considerable  time  when  the  disease  is  chronic. 

Spirilla  are  frequently  met  with  in  the  tropics  in  the  stoob « 
])atient3  suffering  from  bacillary  dysentery  without  any  reason  for  siwp*** 
ing  that  they  have  any  pathogenetic  significance. 

Ciliar  Dysentery. — Balnntidium  coll  (Fig.  80)  belonging  to  thccbsrf 
ciliata,  measures  from  70  to  100 /x  by  50  to  70  /x.  Strong  has  fihert 
that  it  can  give  rise  to  a  specific  diarrhcea  which  occasionally  tenuinii* 
in  ulceration  of  the  large  intestine.  Dehio  has  collected  sixty-one  cu* 
of  this  kind,  but  without  doubt  the  parasite  is  a  much  more  frtqw* 
Ciiusc  of  dysenteric  symptoms  than  this  indicates. 

The  symptoms  of  balantidium  infection  are  those  of  a  chronic  catuA 
ending  in  ulceration  of  the  large  intestine.     In  one  of  Dehio's  c«i* 
which   proved   fatal   in    six   weeks,   the   disease   began    with   vomitin& 
anorexia,  wasting,  diarrhoea,  loss  of  strength,  and  the  presence  of  W*" 
tidia  in  the  stools.     On  autopsy,  the  intestine  was  found  "diphtheridt 
and   numerous  balan tidia  were  found   in  the  mucosa.     As  a  rule,  ihi 
disease  runs  a  more  chronic  course,  sometimes  lasting  for  years.    !»* 
ciiso  recorded  by  Klinienko,  quoted  by  Mr  Jackson  Clarke,  the  patie* 
suftered  from  diarrhoea  for  three  or .  four  years,  and  passe<l  balantidii » 
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lols.  Quinine  injections  failed,  the  weakness  increased,  the  face 
nbs  became  oedematous,  and  the  patient  died.  At  the  autopsy 
ilcers  were  found  in  the  rectum,  two  in  the  transverse,  and  one  in 
sending  colon.  In  the  ulcers  only  a  few  degenerated  parasites 
ound,  but  the  microscope  shewed  balantidia  surrounded  by  in- 
>tory  infiltration  in  parts  of  the  mucosa  distant  from  the  ulcers, 
[escribed  three  cases,  two  of  which  proved  fatal.  In  one  of  these 
ras  chronic  catarrh  of  the  large  intestine  but  no  ulceration. 
e  Bahntidiuni  minuinm  (Fig.  81)  and  Nydoihenis  faha  of  Schaudinn 
2)  are  generally  looked  upon  as  non-pathogenetic,  but  the  former 
m  found  associated  with  mucous  diarrhoea. 

e  treatment  offering  the  best  prospect  of  success  is  that  by  enemas 
or  other  of  the  amoebacidal  drugs — noticed  under  amoebic  dys- 
Methylene-blue  in  solutions  of  1  to  3000,  as  recommended  by 
aui,  should  be  tried. 

^llar  Diarrhoea  or  Dysentery. — Cercomonads  and  trichomonads, 
ing  to  the  FlagellaiUy  may  be  met  with  in  the  stools  of  healthy 
S  and  are  not  necessarily  pathogenetic.  They  are  sometimes,  how- 
resent  in  such  large  numbers,  and  associated  with  a  diarrhoea  which 
when  they  have  been  got  rid  of  by  treatment,  that  they  must  be 
upon  as  occasionally  pathogenetic.  Castellani  records  two  cases 
kI  in  Ceylon  apparently  caused  by  flagellates — Trichomonas  hominis 
mblia  intestinalui  (vide  p.  55).  The  stools  in  both  cases  were  liquid, 
>wnish  colour,  but  did  not  contain  blood  or  pus.  Enormous  numbers 
\e  parasites  were  present,  and  in  one  of  the  cases  a  few  flocculi  of 
were  mixed  with  the  faeces.  There  was  no  fever,  griping,  or 
us.  The  disease  was  not  a  true  dysentery,  although  it  is  possibly 
nes  so.  A  cure  was  effected  by  enemas  of  three  pints  of  a  1  in 
olution  of  methylene-blue,  given  twice  daily. 

Andrew  Davidson. 
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SPRUE 

By  Sir  Patrick  Manson,  K.C.M.G.,  M.D.,  LL.D.,  F.R.S. 

fMS. — Aphthoides  chronica,  Cachexia  aphthosa,  Chronic  aphth^y  Chrofiu' 
irrhiea,  Chronic  dyaentny,  Diarrhea  alba,  JFIiite  flxu,  Chronic  enteritis, 
ironii:  enteritis  of  warm  countries,  AphtJue  tropica',  Aphthw  orientales, 
*.  II. — PT.  u  2  N 
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Sfoinatitis  inteiiropht,  Ceylon  sore  mouth,  Indische  spniw,  Spntv,  Apfit 
or  Athrepsie  coloniale  alrophique,  Chronic  or  Endemic  diarrhoti  of  tiflbi 
China y  Psilosis  lingua'  et  muwsce  intestini. 

Definition. — Sprue  or  psilosis  may  be  defined  as  an  insidious,  chw 
remitting  inflammation  of  the  whole  or  part  of  the  mucous  membrawii 
the  alimentary  canal,  occurring  principally  in  Europeans  who  are  residiij! 
or  have  resided  in  tropical  or  subtropical  climates.  It  is  characteiy 
by  irregularly  alternating  periods  of  exacerbation  and  companiiw 
quiescence ;  a  peculiar,  inflamed,  superficially  ulcerated,  exceeding 
sensitive  condition  of  the  mucous  membrane  of  the  tongue  and  nwoA; 
great  wasting  and  anajmia  ;  pale,  copious,  and  often  loose,  frequent,  ui 
frothy  fermenting  stools;  very  generally  by  more  or  less  diarrhceaia' 
also  by  a  marked  tendency  to  relapse.  Sprue  may  cither  be  primary,* 
it  may  supervene  on  or  complicate  other  affections  of  the  alimentary  obiL 
Unless  pi'opcrly  treated  it  is  usually  fatal. 

Nomenclature. — Some  explanation  is  due  for  the  introductioD, ' 
rather  rointroduction,  into  medical  literature  of  the  name  under  whkkl 
propose  to  describe  this  disease. 

Although  the  first  describers  of  the  complaint  recognised  its  pecnhf 
characters,  and  gave  it  special  names, ^  more  recent  writers  have  drofp 
these,  and,  whilst  still  Recognising  the  peculiar  clinical  and  pathdc^ 
fciitures,  describe  them  under  such  loose  and  wide  terms  as  "chro* 
<liarrhiija,"  "  chronic  dysentery,"  **  tropical  diarrhcea,"  and  so  forth-  11* 
looseness  of  nomenclature  I  regard  as  a  distinct  misfortune  as  wdl  ti  i 
retrogression  ;  for,  as  a  conse(iuence,  the  student  is  led  to  overlook  or  !• 
ignore  the  special  characters  of  the  disease,  and  has  his  attention  direcui 
not  to  the  condition  itself,  but  to  one  only,  and  that  not  a  constn* 
constituent  symptom  of  a  complex  pathological  condition.  The  jwfc 
moreover,  is  likewise  misled  by  such  names.  When  the  subject  oft» 
very  serious  disease  is  informed  that  he  is  suffering  from  chronic  dianb*» 
he  fails  to  ai)preciat^  the  gravity  of  his  position,  and  will  not  readilyfl^" 
mit  to  a  treatment  which,  to  most  pei'sons,  is  a  trying  and  prokug* 
ordeal.  To  tell  him  he  is  suffering  from  chronic  diairhoea  is  veryB** 
like  telling  the  victim  of  cancer  that  he  is  suffering  from  "tumoiur'';* 
shirks  and  puts  off  a  treatment  which,  did  he  but  properly  apprehend  t* 
danger,  he  would  readily  submit  to. 

The  medical  man,  likewise,  who  encounters  these  cases  for  the  W 
time  is  misled  by  these  vague  names,  and  it  is  only  after  more  l^f 
one  blunder  and  some  years  of  experience,  bought  at  the  expense  d  ^ 
patients,  that  he  begins  to  know  the  deadly  nature  of  the  complaint^" 
dealing  with. 

Lastly,  the  absence  of  a  special  name  has  led  the  writers  d  ^ 
books  and  teachers  to  overlook  a  disease  of  which  they  themselves  !•'• 
had  little  experience  in  Europe,  but  which,  nevertheless,  is  a  cominoB* 

'   Hillary  called  it  Aphthoidea  chronka  ;  Latham,  Ccichexia  ap?Uhosa  ;  Chisholni,  C*** 
ojthffia: 


d11  as  a  dangerous  disease  umong  Europeans  iu  hot  climates,  Thus, 
nung  medical  men  land  in  the  tropica,  not  only  without  experience,  but 
>  w-ithout  information  or  guidance  in  a  very  important  matter. 
For  these  and  simikr  reasons,  I  think  that  the  adoption  of  some  such 
Bttnctive  and  catohing  name  as  "  spnie  "  for  this  disease  is  desirable. 
Etymologically  the  word  I  adopt  is  not  very  defensible,  but  neither 
are  many  of  the  names  in  use  in  medicine — cancer,  for  example.  At  one 
lime  the  word  "sprue"  was  applied  to  what  ia  now  called  "thrush"  and 
"aphlhw";  for  years,  however,  it  practically  dropped  out  of  the  language, 
D  that  confusion  is  not  likely  to  occur  on  this  score.  When  my  atten- 
n  was  first  drawn  to  the  subject,  I  found  that  the  Dutch  equivtdent — 
Vspniw  " — was  in  universal  use  in  Java  to  indicate  this  special  form  of 
^pical  entero-colitis ;  and  as  the  name  had  proved  to  be  a  very  jiracticid 
d  suitable  one  there,  I  thought  I  coiUd  not  do  better  than  adopt  it  in  a 
lort  notice  of  this  disease  1  contributed  many  years  ago  to  the  MtdkiiJ 
irlto/Uif  Chinese  Imjieruii  Mariiime  Cmloms.  I  understand  Dr.  Hender- 
WtM  of  Shanghai,  recognising  the  desirability  for  a  distinctive  name,  had 
■  ■bo  adopted  this  Dutch  word.  The  name  was  ijuickly  taken  up  by  the 
rpmfetuion  and  European  public  in  China,  where  it  is  now  well  understood 
*iiKttig  the  vaiious  foreign  communities.  It  is  the  name  employed  in  the 
"Mnenclature  of  diseases  drawn  up  by  the  Royal  College  of  Physicians  of 
^aAon  (1906). 

In  consequence  of  the  introduction  of  this  name  it  would  seem  that 
"'*^  public,  at  all  events  in  the  East,  ia  gradually  becoming  educated  into 
'">^e  knowledge  of  the  disease  thus  indicated,  and  I  believe  that  in  this 
"''J'  the  hands  of  the  physicians  concerned  have  been  strengthened.  Not 
""ly  so,  but  the  profession  in  general  is  also  becoming  alive  to  the  im- 
I'^i'tjincc  of  the  subject,  and  in  time  our  knowledge  of  an  interesting  and 
*'^**y  important  clinical  symptom-group  will  be  extended.  Those  coii- 
''•ierations  seem  to  me  sufficient  justification  for  the  adoption  of  the  word 
"  sprue,"  and  for  pereevering  in  its  use. 

■'  Psilosis  "  (^iAo«,  '  bare  ')  was  suggested  by  Thin  in  one  of  his  valiutble 
I'^fxirs  as  a  substitute  for  "  sprue."  It  is  expressive  of  the  fact  that  bai-e- 
"<^sa  or  rawness  of  the  mucosa  is  a  leading  feature  of  the  complaint.  The 
'""ord  is  certainly  more  scholarly  than  "spnie,"  but,  at  the  same  time,  like 
' 'liiirrhiHa,"  it  is  but  p:irtially  descriptive,  and  thei-efore  misleading; 
">'~'reovcr.  I  think  it  is  less  likely  to  become  popular.  It  has  the 
"Iviintage  of  forming  an  euphonious  adjective — psilotic,  signifying  bare, 
■'  ripped,  or  raw,  in  which  sense  I  shall  use  it  of  mucous  membiune. 

Literature. — The  earliest,  as  it  is  one  of  the  best  and  most  graphic 
•io8<Ti[Hions  of  what  I  would  call  the  protopathic  form  of  spnie,  we  owe 
'<^  Hillary  (1776).  Since  he  wrote,  most  systematic  writers  on  tropical 
'I'soises  have  dealt  with  the  subject  ;  I  may  mention  Annesley,  Twining, 
^Ji«nrn,  Grant.  Goodeve,  Donald,  Moore,  Chevers,  Doutroulau,  Corre, 
iveliich  and  Kiener,  and  many  French  writflrs.  Sir  J.  Fayrer  gives  an 
'■'^cellent  clinical  account  of  it.  Among  the  more  recent  contributions  to 
'he  subject  I  may  mention  papers  by  myself,  by  C.  L.  van  der  Burg,  and 
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Thill's  well-known  articles.  Up  to  the  date  of  its  publication  (1887),  tie 
most  exhaustive  work  on  sprue  is  that  by  Bertrand  and  Fontan,  inwhidi, 
in  addition  to  much  valuable  original  matter,  there  is  an  excellent  sm- 
niary  of  the  considerable  French  literature  on  the  subject.  Still  bhw 
recently  we  have  important  papers  from  Musgrave,  Bassett-Sinitlii 
Maurer,  Richartz,  and  van  der  Scheer. 

Geographieal  Distribution. — Although  sprue  is  very  much  don 
common  in  some  parts  of  the  tmpical  world — Java  and  Cochin  Clmi, 
for  example — than  in  others,  there  is  good  reason  to  believe  thuit 
occurs  occasionally  in  most  tropical  countries,  if  not  in  all.  Minjrf 
the  cases  called  **  chronic  diarrhoea "  or  "  chronic  dysentery/'  cobIbj 
from  the  West  Indies,  from  tropical  America  and  from  Africa,  ansfnr 
in  their  descriptions  to  sprue.  Hillary  and  Chisholm  certainly  9r 
countered  it  in  the  West  Indies.  There  can  be  no  doubt  abootib 
frequency  in  India,  Ceylon,  the  Malay  Archipelago  (Burg  and  otljenl 
the  Eliistern  Peninsula  (Bertrand  and  Fontan  and  many  others),  Mi- 
China,  and  especially  in  South  China  and  Manila.  Thougli  ntf^ 
ccmimon  in  the  tropics,  it  is  not  strictly  confined  to  these  regioM;* 
is  not  infrequently  met  with  in  Shanghai,  and  in  the  European  Nttl^ 
ments  on  the  Yangtze  River,  many  degrees  to  the  north  of  the  tropi* 
It  occurs  in  Japan;  I  have  treated  well-marked  examples  of  thcdi«i* 
from  that  country.  Although  its  development  and  rapid  progress  «• 
to  ])e  favoured  by  the  perpetual  summer  and  damp  heat  of  such  countri* 
as  Java  and  Cochin  China,  yet  a  dry,  bracing  climate,  such  as  ShtfgM 
and  the  greater  part  of  China  enjoy  during  several  months  of  the  J*t 
is  not  sufficient  to  ensure  immunity  from  a  disease  which  is  appanotlF 
provoked  by  the  great  heat  and  relaxing  influences  of  a  long  and  tiyi< 
summer.  Speaking  from  my  own  experience  in  South  China,  whew  tk 
winter  climate  is  very  fine,  of  all  the  vhranic  diseases  the  European  htf* 
contend  against  there,  sprue,  in  its  various  forms  and  degrees,  is  bj  h 
the  most  frequent  as  well  as  the  most  formidable. 

Etiology. — Amongst  the  remoter  causes  of  sprue  prolonged  read** 
in  hot  climates  must  be  reckoned  as  the  chief.  In  certain  instances  ^ 
disease  shews  itself  after  a  residence  of  one  or  two  years  only,  or ev* 
less.  This,  however,  in  my  expeiience,  is  a  rare  occurrence;  wsttPf* 
find  that  the  victim  of  sprue  has  resided  in  the  tropics  for  many  y«** 

As  more  direct  factors  may  be  enumerated  exhausting  diseasei^  ^ 
ticularly  those  of  the  alimentary  canal,  such  as  dysentery,  disnfc* 
hiiimorrhoids,  fistula  in  ano,  the  morning  diarrhoea  of  the  tropice-* 
atrection  which  must  not  be  confounded  with  the  morning  diarrhce** 
alcoholism — child-bearing,  miscarriages,  and  other  uterine  troubles,!"'^ 
ticularly  those  attended  with  haemorrhage,  prolonged  lactation,  sypj 
courses  of  mercury  and  iodide  of  potassium,  bad  food  and  water,  n** 
an\'i(ay,  chills,  and  so  forth.  Malaria  has,  of  course,  been  cited*' 
cause  of  sprue  ;  I  cannot  say,  however,  that  there  is  much  evident*  ^ 
this.  Nor  can  it  be  siiid  that  bad  or  insufficient  food  is  a  very  P^ 
factor,   for   the  disease    is    common    enough    in    places — ShaDgbsii  ^ 
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uple — where  the  food  market  cannot  bo  surpassed;  moreover,  it 
lite  as  prevalent  among  the  rich  as  among  the  poor. 
di  the  actual  cause  of  sprue  nothing  is  known ;  we  cannot  even  say 
ther  it  be  of  a  physio-pathological  character,  or  a  specific  germ.  At 
time  the  discovery  by  Normand  of  the  parasite  which  Bavay  called 
uUluhi  siercoralis — since  proved  to  be  the  free  form  of  JHhaUhmevia 
timle — in  the  stools  of  cases  of  Cochin-China  flux,  gave  rise  to  the 
)n  that  sprue  was  a  helminthiasis  similar  in  some  respects  to  ankylo- 
liasis.  This  hope  has  been  abandoned,  as  in  many  cases  these  pai-asites 
entirely  absent.  According  to  Musgrave  Ainceha  coli  is  often  present 
be  stools,  and  in  7  out  of  16  cases  the  blood  (dilution  1  in  10)  gave 
witive  agglutinating  reaction  with  cultures  of  Bacillus  dysenterur, 
ough  it  is  possible  that  one  of  the  innumerable  species  of  bacteria 
3nt  in  the  stools  in  sprue  may  be  the  cause  of  the  disease,  such  a 
ionship  has  not  yet  been  proved.  It  was  observed  by  Thin  that  in 
of  his  cases  the  stools,  particularly  during  the  exacerbations,  con- 
d  almost  a  pure  culture  of  a  particular  species  of  bacterium.  This 
similar  concurrences  are  facts  to  1)e  noted,  but  no  definite  conclusions 
be  drawn  from  them. 

n  connexion  with  the  etiology  of  sprue  it  is  of  importance  to  l)ear 
ind  that  whatever  the  actual  cause  may  be,  it  is  something  which 
remain  latent  for  a  considerable  time.  An  individual  who  has 
ed  in  a  sprue  country  may  return  to  Europe  apparently  in  goo<l 
h,  and  remain  so  for  months  or  even  for  years,  and  yet  after  this 
val  the  disease  may  shew  itself  for  the  first  time.  Or  a  patient  may 
rer  from  the  disease,  and  yet,  without  leaving  England,  may  suffer  a 
«e  after  months  or  years  of  good  health.  The  capacity  for  latency 
lis  as  of  so  many  tropical  diseases  is  very  remarkable.  Van  der 
er  makes  a  valuable  suggestion,  based  unfortunately  on  one  observa- 
3nly,  to  the  effect  that  the  presence  of  latent  sprue  might  be  suspected 
cess  of  fat  be  detected  in  apparently  normal  or  in  abnormally  pale 
3.  The  presence  of  the  latent  disease  would  clearly  indicate  the 
tsity  for  care  in  diet,  etc. 

^thologry  and  Pathological  Anatomy. — Owing  to  practical  diffi- 
is  in  examining  a  structure  so  delicate  as  the  mucous  membrane  of 
klimentary  canal,  and  to  the  fact  that  in  a  disease  so  chronic  the 
iry  and  essential  features  of  the  complaint  become  overgrown  and 
ed  by  secondary  changes,  it  has  hitherto  been  foimd  impossible  to 
tain  the  primary  and  fundamental  lesion  of  sprue.  It  seems  to  me 
more  information  is  to  be  got  on  this  point  from  a  study  of  the 
18  of  the  ton<rue  and  mouth  in  the  early  stages  than  from  the  study 
B  lesions  of  the  other  parts  of  the  alimentary  canal  in  the  later  stages 
ft  disease.  If  the  tongue  be  a  trustworthy  index  of  what  is  going  on 
ler  and  lower  parts  of  the  alimentary  canal,  then  we  must  conclude 
the  primary  lesion,  at  all  events  the  one  first  appreciable  by  the 
ed  senses,  is  a  catarrhal  state  of  the  mucous  membrane  as  evidenced 
emature  shedding  of  the  epithelial  covering,  congestion  of  the  papillte. 
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and  folliculitis  going  on  to  superficial  ulceration.     What  in  it8  turn  nay 
be  the  cause  of  this  catarrh  we  cannot  say. 

Whether  it  he  in  consequence  of  this  hidden,  unknown  prinwy 
cause,  or  of  the  caUirrh  which  it  induces,  it  is  very  certain  that  in  gpne 
digestion  and  assimilation  are  early  affected;  and  that  this,  in  no tcit 
long  time,  leads  to  tissue  starvation.  To  this  tissue  starvation,  doubtla 
is  attributable  not  only  much  of  the  general  wasting  but  many  of  thespecal 
symptoms  referable  to  the  alimentary  canal.  Dr.  D.  D.  Cunningham, » 
a  very  able  paper  on  the  effects  of  starvation  on  vegetable  and  animl 
tissues,  has  shewn  that  the  effect  of  starvation  in  Indian  famines  i«  noi 
only  to  cause  a  loss  of  bulk  of  the  tissues  generally,  but  also,  if  tke 
starvation  be  carried  beyond  a  certain  point,  to  actual  destructw 
of  tissue.  Particularly  is  this  the  case  with  the  mucous  memlniiK 
of  the  alimentary  ciinal,  in  which,  in  famine,  an  actual  and  irrepanbte 
destruction  of  secreting  and  absorbing  tissue  is  apt  to  occur.  Asi 
result  of  this  destruction,  when  sufficient  food  is  at  last  supplied,  as  i> 
famine  camps,  digestion  and  absorption,  owing  to  actual  loss  of  tke 
necessfiry  tissues,  cannot  be  effected ;  thus,  so  far  from  proving  a  beoA 
to  the  starving,  good  food  and  plenty  of  it  does  but  precipitate  deati, 
inducing  by  its  mechanical  and  chemical  effects  further  irritative  change* 
in  the  starved  and  eroded  bowel.  In  this  way  is  brought  about  lb» 
diarrh(ea  and  dysentery  of  famine  camps,  and  many  of  the  dianriKMi 
and  dysenteries  of  the  half-starved  populations  of  Eastern  countries  wh 
in  too  many  instances,  live  in  a  state  of  chronic  famine — a  state  harilf 
conceivable  by  the  fortunate  populations  of  more  favoured  countries. 

Doubtless  something  analogous  to  this  famine  diarrhoea  and  dysenteij 
occurs  in  sprue ;  an  artificial  physiological  famine  is  induced.  Therefore,ii 
contemplating  the  lesions  found  after  death  in  a  case  of  sprue,  we  nn* 
bo  careful  to  bear  in  mind  that  many,  if  not  most  of  them,  are  not  tk^ 
specific  and  primary  lesions  of  sprue,  but  the  primary  and  secondary 
effects  of  stivrvjition.  Tiius,  when  at  the  end  of  a  long  case  the  alimenwy 
canal  is  examined,  there  is  present  a  threefold  pathological  conditiflo» 
namely — {a)  the  specific  and  primary  lesion,  (b)  the  specific  starvatioi 
lesion,  (c)  the  secondary  irritative  lesions.  To  sort  out  these  in  tli« 
present  state  of  pathological  knowledge  would  be  an  impossible  tat 
Very  few  post-mortem  examinations  have  been  recorded  with  ^ 
thoroughness  and  minuteness  of  histological  detail  necessary  to  enab* 
us  to  carry  out  such  an  attempt  successfully. 

After  death  from  sprue  the  tissues  as  a  whole  are  found  to  i* 
abnormally  dry,  in  consequence  of  which  the  body  tends  to  mumnMv 
rather  than  to  decompose.  The  thoracic  and  abdominal  viscera  are  bo|' 
actually  and  relatively  wasted.  Tuberculous  foci  may  be  founJ  * 
the  lungs.  In  the  liver  there  are  no  morbid  appearances  which,  fw* 
their  invariable  presence,  might  be  considered  essential.  More  freqneawy» 
according  to  Hertrand  and  Fontan,  certain  changes  are  encountered  in i* 
])ancreas,  isolated  lobules  of  which  shew  signs  of  parenchymatous  chan? 
— such  as  fatty  or  granular  degeneration  of  the  cells,  with  softening  • 
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ini  and  slight  inflammatory  infiltration  of  the  connective  tissue, 
lancreatic  changes,  however, ,  are  probably  secondary  and  not 
al,  as,  like  those  sometimes  found  in  the  liver  and  also  in  the 
8,  they  are  far  from  constant. 

might  be  expected,  the  principal  changes  are  to  be  found  in  the 
tary  canal,  part  or  the  whole  of  which,  including  in  many  cases  the 
ih,  is  invariably  found  to  be  diseased.  Speaking  generally,  the 
may  be  described  as  being  thinned  to  such  an  extent  as  to  be 
nous.  There  is  no  necessary  or  notable  lesion  of  the  serous  or 
lar  coats ;  but  from  mouth  to  anus,  either  in  segments  or  in 
8  of  greater  or  less  extent,  or  universally,  the  mucous  membrane  is 
id.  Its  free  surface  is  coated  with  a  thick  layer  of  dirty,  viscid, 
«nacious  mucus.  On  washing  this  away  the  mucous  membrane  is 
to  present  a  number  of  lesions: — 1st,  congested  j)atches ;   2nd, 

patches ;  3rd,  ulcerated  patches ;  4th,  pigmented  patches ;  5th, 
thin  -  scarred,  cicatricial  patches ;  6th,  absence  or  wasting  of 
id  glands ;  7th,  in  addition  to  these  the  mucous  membrane,  where 
tirely  replaced  by  fibro-cellular  cicatricial  tissue,  is  felt  and  seen 
sown  with  minute  spherical  tumours — about  the  size  of  a  pin's 
-surrounded  by  a  dark  pigmented  areola.  These  little  nodules,  on 
5Ut  into,  are  found  to  be  situated  in  the  submucosa,  to  have  gela- 

contents,  and  generally  a  lateral  or  central  punctiform  orifice, 
ire  mucous  cysts  replacing  follicles  (47). 

ider  the  microscope,  sections  of  the  diseased  portions  of  the  oeso- 
i,  stomach,  and  intestines  shew  patchy  or  general  destruction  of 
rface  of  the  mucosa  in  all  degrees  from  slight  erosion  to  com- 
lisintegration  of  the  villi,  glands,  and  follicles  ;  effusion  into  and 
.  the  closed  follicles,  leading  to  the  formation  of  mucous  cysts  or 
11  abscesses  which  subsequently  rupture  and  ulcerate ;  infiltration 
.oocytes  of  the  basement  membrane ;  and  inflammatory  effusion 
.6  submucous  layer,  with  subsequent  fibro-cirrhotic  changes  in  the 

38Ue. 

e  mesenteric  glands  also  are  generally  enlarged,  dark,  and  perhaps 

e  ulceration  met  with  is  not  always  extensive.  In  the  stomach  and 
parts  of  the  alimentary  canal  the  sores  are  generally  very  minute  and 
cial ;  towards  the  end  of  the  ileum  and  in  the  colon  the  ulcers  may 
;er,  deeper,  and  associated  with  some  thickening  of  the  bowel  from 
natory  effusion. 

oaking  of  the  changes  in  the  stomach,  Bertrand  and  Fontan  say, 
ly  be  completely  destroyed  by  embryonic  cell  proliferation  in  the 
\  on  the  one  hand,  and  by  ulcerative  folliculitis  on  the  other, 
r  it  presents  sclerosed  and  pigmented  portions  which  are  probably 
timate  stage  of  the  nutritive  and  circulatory  troubles."  Thin 
a  of  the  ileum  in  a  case  he  records,  "The  mucosa  was  almost 
Y  destroyed,  being  replaced  by  a  structureless  substance  enclosing 
rtes,  and  here  and  there  the  remains  of  a  follicle.  .  .  .  The  sub- 
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mucosa  appeared  much  thickened,  and  the  fibrous  tissue  abundant  and 
more  than  usually  solid  in  consistence.  The  walls  of  the  vessels  were 
also  thickened,  altogether  denoting  a  more  chronic  process  than  in  tke 
other  parts  of  the  intestinal  canal." 

If  I  may  venture  to  interpret  these  morbid   appearances  I  looki 
suggest  that,  as  the  primary  lesion  in  the  alimentary  canal  in  sprue  is  ck 
from  which  recovery  is  possible,  and  as  most  of  the  lesions  of  the  atomeh 
and  ileum  just  described  are  of  such  a  character  that  recovery  from  ibw 
is  impossible,  these  latter  may  be  regarded  as  a  result,  but  not  the  neces- 
sary result  of  the  primary  lesion — not  essential  features  of  the  diwie. 
The  primary  pathological  condition  of  the  mucous  membrane,  seeing  tbtf 
it  admits  of  recovery,  is  probably  of  the  nature  of  a  catarrh,  and  confined 
to  premature  shedding  of  epithelium  and  folliculitis ;  this  view  is  farther 
borne  out  by  what  is  seen  in  the  mouth.     After  a  time,  this  coDditioo 
being  unrelieved,  more  serious  changes  may  supervene ;    the  necrotic 
famine  changes,   or  inflammatory  changes  induced    by    persistent  int- 
tation,  may  set  in.     Either  or  both  of  these  may  lead  to  ulceration  co 
the  one  hand  or  to  cirrhotic  changes  on  the  other ;  and  in  one  or  both 
of  these  ways  the  mucous  membrane  is  changed  into  scar  tissue  withoot 
glands  or  absorbents,  gradually  becoming  useless  as  an  agent  in  nutritiaH. 

Applying  the  revelations  of  the  post-mortem  room  to  the  interpret»tio« 
of  symptoms,  we  can  understand  that  according  to  the  region  and  extend 
of  the  alimentary  canal  involved  will  the  symptoms  be.  If  the  oeaophig* 
be  implicated,  dysphagia  and  substernal  burning  will  be  prominent  sTsp 
toms ;  if  the  stomach  be  involved,  vomiting  and  dyspeptic  troublei « 
various  kinds  will  occur;  if  the  small  intestines,  lienteric  diarrhoBi;' 
the  colon,  dysenteric  diarrhoea.  All  of  these  conditions  and  sympto** 
may  and  often  do  combine  in  one  and  the  same  case. 

The  frequent  presence  of  ulcers  in  the  colon  has  given  rise  to  moi 
discussion,  some  observers  contending  that  they  are  conclusive  evideiKH 
of  the  dysenteric  nature  and  origin  of  spnie.  But  it  is  evident  fro»' 
study  of  the  history  of  the  evolution  of  this  disease  that^  in  a  large  ^ 
portion  of  cases,  the  progress  of  the  pathological  process  is  from  mow 
to  colon,  and  not  from  colon  to  mouth.  The  psilotic  process  is  a  distinctly 
different  one  from  the  dysenteric  process,  although  they  may  and  freqnenHf 
do  concur.  True  dysentery  may  in  some  instances  be  the  starting-p"** 
of  sprue. 

Interesting  features  in  sprue  are  the  absence  of  the  nonnal  yd^ 
tint  in  the  stools,  the  phenomenal  bulk  of  the  stools,  and  the  preeaw* 
them  of  large  quantities  of  gas.  The  gas  is  doubtless  the  rcBolt « 
<lecomposition  of  bacterial  origin,  and  the  bulk  partly  the  result  of  ^ 
spongy  structure  of  the  ftecal  mass  from  the  infiltration  of  it,  as  ctf  ln 
recogin'sed  by  the  microscope,  with  minute  bubbles  of  this  gas,  and  J* 
by  the  presence  of  undigested  particles  of  food,  more  especially  &t  •■" 
fatty  acids.  Analyses  by  Wyntcr  Blyth,  Martin,  and  van  derScheerw 
concur  in  this,  and  it  mav  bo  taken  as  an  established  fact  that  in  ^^ 
the  absorption  of  fat  is  defective.     The  same  observers  concur  in  tW 
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upktnUion  of  the  p»le  colour  of  the  stools.     Bile  pigmmit  and  bile  acids, 
though  Ht  times  absent  (van  der  8cbeer),  are  generally  preeent  and  recog- 
nisable, both  chemically  and  a[)ectnMcopicaUy ;  bill  foi'  Home  unknown 
Waaon  the  gi-eater  part  of  the  bilirubin,  the  essential  colouring  agent  of 
(lortBal  ftecea.  has  undergone  reduction  into  a  colourless  substance,  ihe 
/i-ucobilin  of  Nencki.     Bertrand  and  Fontan's  observations  on  the  Impli- 
I  it  ion   of  the   pancreas  may  have  a  bearing    on    this    question,   seeing 
ih.t.t>    hyilrobilimbin,  the  cftiise  of  the   colour  of  healthy  Ifeces  cannot, 
ufoording  to  Walker,  be  produced  from  the  bile  without  the  aid  of  the 
»ec»-«tion  of  the  pancreas. 

The  absorption  of  the  nitrogenous  elements  of  the  food  and  carbo- 
hydrates, though  defective,  is  not  nearly  so  much  so  as  in  the  case  of 
ih^  fals,  The  acidity  of  the  stomach  ^aties  in  diflereut  cases  anil  in 
th^  same  case  from  time  to  time ;  in  some  cases  at  certain  times  there 
nia-y  Ite  complete  achlorhydiia,  but  it  cannot,  be  said  that  there  is  tiny 
i"f«.riifeBt  and  constant  correlation  between  the  general  symptoms  ioul  the 
-ii-stric  aciility. 

Pending  further  investigation  I  regard  sprue,  etiologically,  as  a 
"l»^>«-*ilic  disease  predisposed  to  by  the  influenceB  of  meteorologiod  con- 
'litioiis  present  in  hot  countries  on  cortuin  constitutions;  furthur,  I 
l«lieve  that  in  many  instances  it  arises  without  other  and  more  special 
I >t~^«! imposing  intiuences,  but  that  in  a  largo  proportion  of  cases  it  is 
favoured  by  antecedent  pathological  conditions,  over  and  above  those 
'™«luced  by  climate  simply;  chief  among  these  are  dysentery,  catarrhal 
d»«.rrh(Ba.  hepatic  dislurlmnccs,  and  other  morbid  states,  more  |articiilat'ly 
'fioge  connected  with  the  alimentaiy  canal.  Pathologically,  1  reganl 
'F*»~Tie  as  a  morbid  process  specilically  distinct  from  true  dysentery,  and 
'■'insisting  in  a  specific,  chronic,  catarrhal  condition  of  all  or  part  of  the 
■'•^'estife  tract  which,  if  it  persist,  leads  in  time  to  necrotic  and  inflam' 
m  EMory  processes  in  the  mucosa  ending  in  destruction  atid  permanent  toss 
**<  glandular  and  absorbent  structures,  and  so  to  what  in  a  certain  sense 
"t^ight  !«  called  physiological  starvation. 

Symptoms. — Insidtousness,  chronieity,  improvement  and  relajise,  and 
''5**  progress  on  the  whole  are  characteristic  of  the  evolution  of  this 
^iMesse.  The  leading  symptoms,  when  it  is  thoroughly  establisbeil, 
■■re:— 

1.  Irregular  action  of  the  bowels. 

2.  The  passage  of  phenomenally  copious,  pale,  drab-coloiu'ed,  yeasty- 
'ootiiig^  Bii-kly-smelling  stools. 

3.  Tenderness  and  often  great  soreness  of  the  tongue,  buccal  mucous 
"■^mbraue,  fauces,  and  sometimes  of  the  gullet,  depending  on  a  coni- 
I^^Jcity  of  surface  lesions  including  (a)  denwdation  of  the  epithelium  of 
J.***  mucous  membrane  generally  ;  (A)  the  formation  of  minute  herpes- 
'ilce  vesicles,  single  or  in  groups,  with  an  inflamed  areola,  which  quickly 
'^I'ttire,  leaving  (1)  small,  siiperltcial  but  exquisitely  tender,  ashen-grey 
**'*'«ions  or  ulcers ;  (d)  larger,  inHamed,  Vtare,  slightly-eroded  patches, 
*'nt»oth  on  the  surface  usually,  or  with  a  alight  muco-purulenl  covering 
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where  in  contact  with  the  teeth — ^as  on  the  inside  of  the  cheeks « 
lips  ;  often,  when  on  the  soft  palate,  they  are  markedly  granular,  prob- 
ably from  inflamed  follicles ;  {e)  congestion  and  swelling  of  the  fungiifoni 
papillf^,  especially  about  the  tip  and  edges  of  the  tongue ;  (/)  8upei£c»l 
cracks  on  the  dorsum  and  edges  of  the  tongue ;  {g)  during  eompleie 
remissioTi  of  the  acute  symptoms,  as  happens  occasionally  in  moBtciae^ 
an  atrophied  state  of  the  entire  body  of  the  tongue ;  this  organ  tba 
appears  pale  and  almost  cartilaginous,  with  a  smooth,  glazed  surface  u  if 
coated  with  varnish,  and  completely  denuded  of  papillae. 

The  erosions  referred  to,  sometimes  amounting  to  superficial  ulcentiM 
and  much  sodden  by  the  constant  action  of  the  saliva,  are  most  freqaeotif 
found  under  the  tongue  by  the  sides  of  the  frienum,  inside  the  lips  mi 
cheeks — especially  where  in  contact  with  the  teeth,  and  on  the  Mft 
palate.  The  vesiculations  ending  in  the  minute  grey  ulcers  are  coi- 
moriest  about  the  tip  and  edges  of  the  tongue  ;  they  come  out  in  8U0ceaiT6 
crops.  Activity  of  both  of  these  lesions  is  usually  associated  with  ia- 
cretise  of  diarrhoja.  In  severe  cases  what  I  would  call  the  "psilotie* 
condition  of  mucous  membrane  seems  to  extend  through  the  entire  lengtk 
of  the  alimentary  canal,  affecting  the  pharynx,  oesophagus,  the  amw,  iwl 
in  women,  even  the  vagina. 

4.  Dyspeptic  conditions  associated  with  the  formation  of  Urp 
quantities  of  intestinal  gas  and  acidity. 

5.  Pearly  conjunctivae  ;  a  dry,  harsh,  earthy-looking  skin  more  * 
less  deeply  pigmented. 

6.  General  wasting,  usually  including  marked  diminution  of  the  iwi 
of  hepatic  dulness. 

7.  Anaemia  and  great  physical  and  intellectual  debility  ;  and,  espeo* 
ally  in  the  advanced  stiige,  querulousness  and  irritability  of  temper. 

If  we  inquire  into  the  history  of  a  patient  presenting  these  sympton^ 
we  shall  probably  learn  that  he  has  been  ailing  for  several  months 
perhaps  for  years  ;  and  that  his  symptoms  began  in  one  of  three  waji:— 
{ti)  Insidiously  :  he  will  tell  us  that  before  his  disease  definitely  declirJ 
itself  he  used,  without  appirent  reason,  to  be  troubled  with  soreness « 
the  mouth,  attticks  of  flatulent  dyspepsia,  irregularity  of  the  bowels,  mi 
especially,  a  tendency  to  diarrhoea — often  of  |>ale,  copious,  frothy  stoob- 
in  the  early  morning  or  during  the  forenoon.  By  degrees  such  »tucb 
became  more  frequent,  the  mouth  oftener  sore,  and  the  dyspepsis  d>** 
troublesome.  Ultimately  this  state  became  permanent,  his  strength «» 
flesh  began  to  decline,  and,  at  last,  a  condition  of  confirmed  invali(&^ 
was  estJiblished.  (/>)  Suddenly :  being  at  the  time  in  apparently  gpw 
health — possibly  after  exposure,  chill,  fatigue,  bad  water,  bad  food,  diet«tie 
excess,  or  some  other  indiscretion — the  patient  was  suddenly  seised  wi» 
profuse  diarrhc^a.  After  a  time,  the  urgency  of  the  diarrhoea  subsidingr 
a  degree  of  looseness  and  irritability  of  the  bowels  was  left  and  becan* 
permanent,  the  stools  gradually  losing  their  yellow  or  brown  colour  »»■ 
l)ecoming  pale  and  fermenting ;  and  the  tongue,  from  being  thick? 
coated,  being  at  first  abnormally  clean  with  a  liability  to  the  iomn^ 
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id  the  edges  and  tip  of  small  painful  ulcers,  and,  ultimately,  taking 
ihe  psilotic  character.  The  other  symptoms  of  confirmed  sprue  were 
iually  and  simultaneously  evolved,  {c)  Secondarily  :  the  patient  had 
ered  from  well-marked  dysentery,  which  had  merged  into  the  chronic 
n,  attended  with  the  passage  of  three  or  four  ill-smelling,  mucoid, 
htly  bloody  stools  daily.  After  several  months  or,  perhaps  a  year  or 
>  of  this,  the  mouth  began  to  lose  its  natural  fur,  and  to  be  bare  or 
der;  flatulent  dyspepsia  with  much  distension  after  eating  became 
iiblesome ;  the  stools  got  more  massive,  paler,  yeasty-looking ;  and, 
mately,  this  condition  becoming  chronic,  the  dysenteric  element  gradu- 
'  ceased  to  be  the  principal  feature  in  the  clinical  picture,  giving  place 
ihe  characteristic  symptoms  of  sprue. 

These  I  consider  to  be  the  principal  types  of  sprue.  There  are  others, 
ibUess  ;  the  various  combinations  and  degrees  of  severity  and  rapidity 
ihe  development  of  the  leading  symptoms  are  infinite.  From  what  I 
gather,  I  consider  that  in  China  the  form  of  sprue  most  frequently 
i  with  is  the  protopathic  form ;  in  Java  the  same  seems  to  be  the 
5;  but  in  Manila,  Cochin  China,  India,  Africa,  and  the  West  Indies  it 
ild  seem  that  in  a  large  proportion  of  instances  the  disease  is  secondary 
icute  catarrhal  enteritis,  to  dysentery,  or  to  the  affection  called  "  hill- 
Thoea  "  (r'trf^?  p.  567). 

Forms  of  imperfectly  developed  or  nascent  sprue  are  common  enough 
the  tropics. .  Sore  mouth,  with  or  without  morning  dianhcea  (some- 
Bs  of  bilious  stools,  sometimes  of  pale  fermenting  stools),  is  a  common 
ction  among  foreigners  in  the  East,  and,  if  ordinary  prudence  be 
rcised,  may  not  go  farther  or  seriously  affect  the  health.  Sometimes, 
3ed,  tenderness  of  the  mouth,  burning  of  the  tongue  or  gullet  when 
id,  alcoholic,  or  pungent  foods  or  drinks  are  taken,  or,  perhaps,  minute 
ters  followed  by  equally  minute  aphthous  ulcers  giving  rise  to  actual 
mess  of  the  mouth,  are  the  only  symptoms  present,  even  in  cases  with 
!6ctic  features.  I  once  watched  a  case  of  this  description  during 
snd  years.  The  patient  had  resided  for  many  years  in  the  tropics, 
on  the  whole  had  enjoyed  good  health.  The  only  serious  exception 
his  was  an  attack  of  dysentery  many  years  before  the  appearance  of 
troubles  for  which  I  was  consulted.  Ever  since  the  dysentery,  how- 
r,  attacks  of  sore  mouth  had  supervened  from  time  to  time,  being 
iced  more  particularly  by  nervous  shock  or  similar  physiological 
Ins.  The  last  attack  had  been  unusually  severe  and  protracted,  and 
accompanied  by  great  wasting  of  a  semi-cachectic  kind,  but  there  was 
liarrhoea.  It  was  only  by  careful  dieting  during  many  months  that 
psilotic  condition  of  the  mouth,  and  probably  of  the  stomach  and 
•r  part  of  the  alimentary  canal,  was  overcome,  and  the  general  state 
lie  nutrition  improved.  Had  this  case  been  neglected  or  wrongly 
ted,  doubtless,  in  a  very  few  months,  diarrhoea  of  pasty,  fermenting 
Is  would  have  supervened  and  ultimately  passed  into  confirmed 
le. 
Just  as  in  this   case,  although    the   tongue   lesion  was   very  well 
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imirked,  diaiThoeii  waa  iit  no  time  a  feature  of  tbe  complaint^  »  in 
othera,  as  pointed  out  by  fisrtraiid  and  Fontan,  dinrrhoaa  and  Wkttiiij  ul 
a  characteristic  type  may  exist,  and  yet  tbo  tongue  retAin  its  epithdiam 
and  be  free  from  the  erosions  and  inflamed  patches  so  typical  of  ^prat 
Indeed,  these  M-riters  seem  inclined  t«  minimise  the  significance  of  tiu 
psilotic  condition  of  the  mucous  membrane  of  the  mouth  as  an  index  ■i 
the  condition  of  the  renviinder  of  the  alimentary  canaL  It  nttisC  b 
admitted,  however,  that  the  morbid  process  in  this  disease  may  be  pitcbi 
in  its  distribution,  and  that  it  may  be  confined  to  the  lower  part  of  tbo 
bowel ;  the  higher  part — of  which  the  tongue  more  particularly  eervwu 
ail  index— remaining  healthy. 

In  many  cases  the  soreness  of  the  mouth  is  exceedingly  troubloMnic; 
only  the  very  blandest  fluids  can  be  tolerated.  Even  llie  movements  ai 
deglatiiion  may  be  excessively  painful,  yet  they  are  constantly  provokcl 
by  the  salivation  induced  by  the  state  of  tlie  mouth.  In  other  cases  tbr 
mouth — especially  during  sleep — becomes  very  dry,  the  tongue  liMmiir 
BO  cleaving  to  the  roof  that  to  get  it  moistened  and  liberated  ev«j 
morning  is  iguitu  an  operation.  Many  complain  bittei'ly  of  it  f«cliii$ 
of  soreness  ami  burning  in  the  chest,  always  aggravatetl  by  faoL 
doubtless  depending  on  erosion  of  the  ceaophageal  mucous  membnnc 
Muiiger,  too,  sometimes  amounts  to  acute  suffering,  and,  as  with 
<liabetics,  may  lead  to  strange  moral  perversions.  I  have  seen  csnt 
in  which  the  constant  craving  for  food  bronght  on  a  hysterical  con- 
dition in  which  the  putieut,  pi-ovoked  by  some  savoury  smell  and 
throwing  pnidence  to  the  winds,  rnslicd  to  table  and  indulged  iwlis- 
criminately  iu  the  family  meal.  Thirst,  too,  may  be  a  irauhlewEX 
symptom.  So  may  Vie  distension  of  the  abdomen  from  flatus  swi 
accumulated  food  :  a  smart  attack  of  diarrhma  affords  welcome  relief  is 
such  cases.  Sleeplessness  is  often  complained  of.  In  spnie  the  Icmpcn' 
ture  is  below  normal,  and  the  patient's  feet  are  often  painfully  cold;  jurt 
before  and  during  an  exacerbation  of  symptoms  there  nuiy  be  a  rile  iJ 
one  or  two  degrees  in  the  body-temperature,  at  other  times  it  ia  aulwonuL 
As  the  disease  progresses  both  the  number  and  value  of  the  red  Uood- 
corpuscles  diminish,  the  relative  proportion  of  the  white  increaang;s* 
recovery  sets  in  this  ia  reversed.  The  quantity  of  urine  pulsed  is  in  iaww 
proportion  to  the  diarrhuea. 

When  sprue  has  become  thoroughly  established,  unless  a  propff 
course  of  treatment  be  adopted  and  pereevered  in  for  montlis  oi-  parbip* 
years,  tlie  disejise  as  a  rule  becomes  gradually  worse, — slowly,  it  may  H 
but  on  the  whole  none  the  less  surely.  Temporary  improvements  »n 
followed  by  relapses  ;  the  slightest  dietetic  inilulgence,  exposure  to  wet  or 
cold,  fatigue,  mental  drpression,  and  such  like  uccurrencee,  are  neariyW 
to  bring  about  a  f  re«h  attack  of  diarrhcea  and  an  aggravation  of  the  OOU''' 
symptoms.  So  the  case  gradually  goes  from  bad  to  worse,  onntcisBt^ 
becomes  extreme,  and  the  dusky,  dry,  unhealthy,  earthy-looking  do" 
hangs  in  loose  folds  on  a  skeleton  every  bone  of  which  can  he  oouow- 
The  belly,  which  on  palpation  feels  soft  and  doughy,  as 
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'ere  abnormally  thin  and  toneless,  alone  is  filled  out ;  it  is  generally 
ned  by  accumulated  gases,  and  the  gurgling  and  movement  of  gas  and 
an  be  seen,  heard,  and  felt.  The  liver,  in  harmony  with  the  wasting 
rest  of  the  body,  is  shrunk  to  abnormally  small  dimensions.  Some- 
a  trace  of  albumin  may  appear  in  the  urine.  Finally  the  mouth 
les  covered  with  mycotic  thrush,  feet  and  ankles  swell,  and  the 
it,  if  not  suddenly  killed  by  an  attack  of  choleraic  diarrhoea  or 
intercurrent  acute  disease,  dies  slowly  of  starvation, 
lould  proper  treatment  be  adopted  in  time  and  before  the  mucous 
rane  has  been  so  extensively  destroyed  as  to  be  unfit  for  digestion, 
lould  the  patient  have  not  yet  entered  upon  the  vicious  pathological 
described  above,  the  diarrhoea  will  cease,  and  the  psilotic  state  of 
outh  subside,  to  recur  in  milder  form  and  at  longer  intervals  until 
ippears  for  good,  and  the  stools  will  gradually  regain  their  proper 
' — at  first,  perhaps,  in  a  fitful  sort  of  way,  one  part  of  a  motion 
properly  coloured  whilst  the  remainder  is  still  pale.  By  degrees 
atient  gains  flesh,  and,  finally,  when  he  recovers  the  power  of 
ing  a  fairly  liberal  diet,  his  muscular  and  intellectual  powers  will 
•tored.  For  a  long  time,  however,  looseness  of  the  bowels,  slightly 
nouth,  and  flatulent  dyspepsia  may  recur  on  the  smallest  provoca- 
-symptoms  shewing  that  the  disease,  although  apparently  cured,  is 
ilumbering. 

i:ca8ionally  it  happens  that  careful  treatment,  by  checking  the  more 
t  symptoms,  gives  rise  to  a  deceptive  arrest  of  the  disease ;  the 
iss  of  the  mouth  ceases  to  recur,  and  diarrhoea  is  in  abeyance, 
ithstanding  this,  nutrition  does  not  improve ;  the  food  the  patient 
adds  nothing  to  his  weight  or  strength,  both  of  which  gradually 
e,  without  any  very  manifest  reason,  as  in  diseases  like  cancer  or 
ious  anaemia.  In  all  such  cases  it  will  be  found  that  the  stools  are 
Daily  large.  Doubtless  too  large  an  extent  of  mucous  surface  has 
irretrievably  destroyed,  and  absorption  does  not  balance  waste, 
h  a  case  the  right  treatment  has  come  too  late. 
'eatment. — This  is  mainly  dietetic  and  hygienic.  If  carried  out 
gently  by  the  physician  and  conscientiously  by  the  patient,  and  if 
ited  at  a  suflicicntly  early  period  of  the  disease,  it  is  generally 
llously  successful.  On  the  other  hand,  if  treatment  be  wrongly 
sd,  carried  out  in  a  half-hearted  way,  or  too  long  postponed, 
•ly  becomes  an  impossibility. 

prescribing  a  treatment  for  a  case  of  sprue,  the  pathological 
ion  of  the  bowel  must  always  be  present  to  the  physician^s  mind ; 
ast  never  forget  the  eroded  and  tender  mucous  membrane,  the 
ncy  of  glandular  structure  and  villi,  and  the  liability  of  food  in 
of  the  digestive  and  absorbing  capacity  to  decompose  and  irritate, 
idications  demanded  by  these  things  are  clear  and  distinct.  They 
"St,  to  place  the  inflamed  gut,  so  far  as  is  possible,  in  a  state  of 
logical  rest ;  secondly,  to  supply  a  food  of  as  bland  a  nature  as 
le ;  and,  thirdly,  a  quantity  of  food  no  greater  than  can  be  dis- 
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posed  of  by  the  digestive  juices  and  absorbing  apparatus.  For  the  fulfil- 
ment of  these  indications  what  is  known  as  the  ''milk  treatment ''it 
incomparably  the  best. 

When  a  diagnosis  of  sprue  has  been  arrived  at,  it  becomes  the  dotr 
of  the  physician  to  endeavour  to  secure  the  co-operation  of  his  patieni  i^ 
impressing  upon  him  the  great  danger  of  procrastination,  the  deadly  and 
insidious  nature  of  the  malady  if  neglected,  the  comparative  certaintrol 
recovery  if  promptly  attended  to.     The  conviction  of  the  patient  in  tUi 
sense,  and  his  or  her  hearty  and  intelligent  co-operation,  are  the  first  ai 
most  necessary  steps  towards  a  cure.     Few,  unless  they  have  had  actaii 
experience  of  these  cases,  can  understand  the  importance  of  the  monl 
element  in  their  management.     Next  in  importance  to  this  is  the  scqoiB> 
tion  of  a  thorough  knowledge  of  wliat  the  patient's  alimentary  canal  ca 
and  cannot  do.     This  knowledge  can  be  gained  only  by  a  daily  visit  tv 
the  patient,  and  a  daily  inspection  of  the  stools ;  and  these  daily  run 
and  inspections  should  be  kept  up  until  the  slow  process  of  regenentioi 
of   mucous    membrane    has   well    set    in,   and  the   patient  has  beeo» 
thoroughly    educated    in    his    own    management       There   must  be  • 
temporising,  and  in  the  event  of  relapse,  no  matter  how  trifling  app 
ently  in  character,  there  ought  to  be  no  hesitation  in  harking  back  it 
once  to  special  diet.     To  some  readers  it  may  seem  a  matter  of  soper- 
erogation  to  write  of  these  things  j  but  they  are  really,  though  so  ampk 
and  self-evident,  among  those  simple  and  self-evident  things  which,  though 
of  prime  importance,  are  so  generally  overlooked  and  neglected. 

When  a  patient  has  consented  to  undergo  the  milk  treatment  for 
sprue  he  ought  to  have  clear  directions  how  this  is  to  be  carried  out 
These  directions  are  best  given  in  writing,  somewhat  as  follows : — 

1st,  Clothe  warmly  in  flannel.  If  diarrhoea  be  active  go  to  bed  in* 
warm  room,  and  remain  in  bed  until  the  stools  become  solid. 

2nd,  Place  a  pad  of  cotton  over  the  abdomen,  keeping  it  in  positi* 
by  a  broad  flaimel  bandage  somewhat  firmly  applied. 

3rd,  Stop  all  food  and  drink  with  the  exception  of  three  pint?cl 
milk  per  diem,  the  milk  ])eing  taken  in  divided  doses  at  inw- 
vals  of  one,  two,  or  three  houre,  allowance  being  made  for  * 
reasonable  amount  of  undisturbed  sleep. 

4th,  The  milk,   warmed  in   cold  weather,  must  not  be  drunk,  ^ 
sipped  with  a  teaspoon  or  sucked  from  a  feeding-bottle. 
It  is  generally  desirable  to  commence  the  treatment  with  a  teaspoooW 
of  castor  oil,  and  to  repeat  this  for  a  time  about  once  or  twice  a  week,  * 
whenever  the  stools  become  copious,  frothy,  or  stinking. 

As  a  consequence  of  this  treatment,  even  in  cases  in  which  dianlw'* 
has  been  present  for  months  or  even  years,  the  motions  gradually  dimini''' 
in  number  and  amount,  and  increase  in  consistency.  Usually  before* 
week  has  passed  they  become  solid ;  at  the  same  time  the  soreness  of  w* 
mouth  diminishes,  and  the  feelings  of  dyspeptic  discomfort  ^'aniah.  ft 
however,  after  two  or  three  days  there  be  no  improvement  in  the  dii^ 
rha^a,  the  quantity  of  milk  must  be  diminished  by  ten  ounces  a  day  until 


a  minimum  of  35  ounces  is  Ukeu.  Of  coiu'se  this  is  starvation  diet;  it 
must,  not  be  persisted  in  too  long,  and  the  [mtieiit  must  be  kept  at 
alwolute  rest,  and  carefully  watched  and  tended  by  an  intelligent  nurao. 

After  the  motions  have  become  solid,  and  have  so  remained  for  three 
or  four  days,  the  allowance  of  milk  is  increased  by  ten  ounces  daily  until 
100  U>  ISO  ounces  are  consumed.  Should  the  motions  at  any  lime 
become  lotise,  this  must  lie  looked  upon  as  an  indication  that  more  milk 
u  being  swallowed  than  can  be  disposed  of ;  the  daily  quantity  must 
therefore  be  corresjioiidingly  reduced,  by  half  a  pint  al  a  time,  until  the 
stools  a^ain  becomu  solid.  It  should  then,  after  three  or  four  days,  be 
cautiouaiy  increased  once  more. 

By  following  this  system,  in  nine  caaes  out  of  ten  the  improvement  is 
marvellous.  Not  only  does  the  diarrfacea  cease,  but  the  dyspeptic  troubles 
sul>side,  the  soreness  of  the  mouth  and  gullet  disapjiears,  and  the  patient's 
condition  improves  in  every  respect.  There  may  even  be  a  gain  in  weight 
when  the  allowance  of  milk  has  risen  to  five  or  six  pints.  But,  uii'ived  at 
this  stage,  the  troubles  of  the  physician  Iwgin.  The  patient  is  very  hungry 
and  clamours  incessantly  for  more  BubBiantial  food.  'ITie  friends,  too, 
imjKirtune  on  his  behalf,  and  often  do  not  hesitate  to  accuse  the 
])hysician  of  starving  his  {mtient.  Alt  this  must  be  steadfastly  resisted, 
however,  and  for  at  least  a  month- — better  for  six  weeks — the  only 
answer  to  the  incessant  demands  for  more  nourishment  must  be,  "  Milk 
inly — nothing  but  milk."  if  the  physician  be  so  weak  as  to  concede 
ithing  prematurely  he  is  pretty  sure  to  regret  it.  Additional  diet 
soon  begun  means  recurrence  of  diarrhcea,  sore  mouth,  renewed 
iting,  loss  o(  time,  and,  perhaps,  loss  of  the  last  chance  of  recoveiy. 
When  procurable,  an  important  and  often  most  effective  addition  to 
lilk  is  strawberries.  I  have  now  many  times  seen  their  liberal  iise 
about  the  cure  of  what  appeared  to  be  almost  hopeless  cases.  1 
very  seldom  seen  them  disagree.  They  sometimes  act  so  promptly 
as  to  suggest  specific  virtues.  In  every  case  they  should  receive  a  trial. 
The  safest  plan  is  to  begin  with  three  or  four  with  each  feed  of  milk.  If 
found  to  agree  as  much  as  three  or  four  poimds  may  be  consumed  in  the 
tweuty-foiu-  hours.  The  introduction  of  the  strawberrj'  I  regard  as  the 
most  important  practical  advance  in  the  treatment  of  sprue  since  the 
formulatjon  of  the  milk  treatment 

Experience,  and  one  or  two  trials  carefully  made,  will  tell  us  when  to 
begin  to  improve  the  diet.  An  egg  beaten  up  with  milk  may  be  tried  in 
the  first  instance,  and,  if  found  to  agree,  made  a  permanent  addition  to 
Ihe  daily  allowance  of  milk.  Then  some  well-boiled  arrowroot  or  coni- 
Ktarcb,  or  plain  rusks,  or  plain  biscuits,  or  some  other  simple  form  of 
farinaceous  food  may  be  carefully  introduced.  Bread  is  not  well  borne 
unless  in  the  shape  of  bread  and  milk.  Bananas  or  apploa  I  have  foiutd 
to  be  well  borne,  and  are  often  a  very  acceptable  addition  to  the  dietary ; 
tbey  must  be  given  tentatively  at  first,  and  only  in  very  small  (juantity, 
«uid  )m)  thoroughly  masticated.  If  they  are  well  borne,  after  a  time  as 
>miny  a«  five  or  six  may  be  taken  daily.     Then  chicken  broth  may  be 
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added   in   small    quantities ;    afterwards  fish,   chicken,   potatoes,  snet* 
bre;ids,  and  so  on.     Beef  and  mutton,  hot  soups,  fibrous  vegetablefi^  nntk 
j)astry,  etc.  are  very  badly  borne,  even  for  years  after  all  symptom  oJ 
sprue  liave  subsided,  and  it  is  jfrequently  necessary  in  such  patieotEto 
interdict  their  use  altogether. 

During  convalescence,  and  for  a  long  time  thereafter,  the  pitieiit 
ought  to  be  instructed  that  on  the  slightest  recurrence  of  sore  moatk, 
or  of  the  familiar  feeling  of  dyspeptic  discomfort,  or  of  bulky,  stioldng 
stools,  he  should  at  once  act  on  the  hint,  take  a  teaspoonful  dose  of  eutor 
oil  or  of  compound  rhubarb  powder,  starve  for  some  hours,  and  then  go 
oil  milk  for  a  day  or  two,  until  the  threatening  attack  of  muco-enterittft 
has  quite  subsided.  He  can  then  resume  his  former  diet.  Prompt  trett- 
nient  of  this  sort  on  the  threat  of  relai)se  saves  weeks  of  discomfort,  lod 
perhaps  averts  a  serious  recurrence  of  illness. 

Until  the  patient  is  taking  at  le<ist  a  hundred  ounces  of  milk  a  dty 
he  ought  to  keep  his  bed.  Afterwards,  when  he  gets  up,  he  most  be 
careful  to  clothe  very  warmly,  to  avoid  cold,  damp,  fatigue,  excitemMti 
and  everything  leading  to  physiological  strain  of  any  description.  Gettiif 
wet  or  feeling  cold  is  most  prejudicial  to  such  patients ;  accordingly,  wk> 
the  winter  comes  round,  he  should,  if  possible,  move  to  some  warmw^ 
sheltered  place  in  the  south  of  England  or  to  the  Riviera. 

As  regards  drugs,  my  own  expen'ence  has  been  that  they  are  vflT 
secondary  matters,  and,  with  the  exceptions  I  have  mentioned,  may  gen» 
ally  be  dispensed  with.  If  there  be  special  indications,  such  as  mahriil 
fever  or  cachexia,  appropriate  drugs,  such  as  quinine,  may  be  demiuxU' 
When  diarrhoea  is  very  brisk,  so  that  it  is  to  be  presumed  thit  tie 
violent  peristalsis  of  the  gut  is  interfering  with  any  healing  process  thtf 
may  be  going  on,  then  a  few  small  doses  of  laudanum  or  of  DorerV 
l)owder  may  be  given  ;  but  it  is  a  very  great  mistake  to  try  to  shut  up 
the  bowel  altogether  by  sedatives  or  astringents.  The  gut  should  be 
rogarded  in  the  light  of  a  surgical  drainage-tube  to  be  kept  patent; 
the  retention  of  a  m;iss  of  putrefying  material  in  the  abdomen  cwnc* 
[)ossibly  be  of  any  advantage  in  the  long  i-un,  or  in  any  way  conduce  ^ 
recoveiy. 

It  sometimes  happens  that  after  a  week  or  two  of  careful  mtt 
<lieting,  the  stools,  although  diminished  in  number,  fluidity,  and  qumutr, 
are  still  deficient  in  consistency  and  unformed.  Diarrhoea,  in  the  «w» 
sense  of  the  word,  has  ceiised ;  but  the  complete  dehydration  of  tb* 
uKitions  by  the  last  part  of  the  alimentary  canal  is  not  thoroogUf 
etl'ected  ;  apparently  there  still  remains  a  mild  chronic  catarrh  of  tks 
colon.  In  this  case  a  dose  of  laudanum  is  sometimes  followed  by  sow 
stools.  If  this  fail  I  recommend  the  injection  per  anum  through  »  ^ 
tube  (after  washing  out  the  bowel  with  warm  water)  of  forty  ounces « 
nitiatc  of  silver  solution — one-half  to  one  grain  to  the  ounce  of  tep 
distilled  water.  This  is  often  followed  by  solid  stools.  It  is  of  no  i* 
however,  to  give  laudanum  or  to  wash  out  the  bowel  in  this  w»yunw 
there  has  been  at  least  a  fortnight  of  careful  dieting.     When  the  stooli 
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Bry  loose  and  watery  it  does  no  good  ;  properly  timed,  these  measures 
ery  often  successful. 

luch  suffering  is  frequently  caused  by  the  raw  state  of  the  mouth, 
litigate  this  as  much  as  possible  the  mouth  should  be  rinsed  out, 
'  time  after  taking  milk,  with  water  or  a  weak  solution  of  borax*, 
tiing  the  painful  spots  with  a  5  per  cent  solution  of  cocaine,  or  with 
nitrate  of  silver  or  sulphate  of  copper,  gives  relief.  I  have  found 
ollowing  mouth-wash  useful  in  such  circumstances : — 01.  creosoti 
,  Tinct.  pyrethri  drs.  4,  Tinct.  myrrh®  drs.  2,  Tinct.  krameriae 
5,  Aq.  camphorae  to  ounces  8  ;  a  teaspoonful  in  one  or  two  wine- 
fuls  of  water. 

Vhen  patients  must  have  a  mixture,  the  following,  recommended  by 
,  may  be  prescribed: — Magnes.  sulph.  grs.  8,  Tinct  rhei  \[y  10, 
p.  zingib.  Il\^  10,  Aq.  dr.  1,  to  be  taken  three  times  a  day.  I  have 
no  good,  but  rather  the  reverse,  f loni  bismuth,  oxide  of  zinc,  acetate 
ad,  nitrate  of  silver,  sulphate  of  copper,  and  the  vegetable  astringents 
similar  remedies  designed  to  act  as  sedatives  or  astringents.  It  is 
ible  that  carbolic  acid,  salol,  naphthol,  cyllin,  and  similar  antiseptics 
be  of  service,  but  I  have  no  specially  favourable  experience  of  their 
in  these  cases.  When  diarrhoea  has  ceased,  nux  vomica  may  be 
1.  I  use  often  with  advantage  in  these  cases  injectio  ferri  arseni- 
bypoderm.  (Squire)  in  15-minim  doses  every  second  or  third  day. 
Ii  bael  fruit  is  greatly  extolled  by  Sir  J.  Fayrer,  and  is  much 
oyed  in  India  in  these  and  kindred  cases.  I  have  seen  no  benefit 
the  official  extract. 

Constipation  should  be  systematically  relieved  by  enemas  of  warm 
p,  or,  better,  of  linseed  tea,  or  weak  barley  or  rice  water, 
n  cases  of  dysenteric  origin,  after  milk  diet  has  been  thoroughly 
3d  out  for  a  fortnight  with  partial  success,  nitrate  of  silver  enemas, 
ist  described,  may  be  required.  Sometimes  in  such  cases  I  have 
1  benefit  from  decoction  of  simaruba.^  In  the  debilitated  condition 
rue  patients  ipecacuanha  is  not  to  be  recommended. 
Jcoholic  stimulants,  as  a  rule,  do  harm.  If  circumstances  seem  to 
I  their  use  desirable  they  may  be  given  well  diluted,  their  effects  on 
lotions  being  carefully  watched. 

t  sometimes  happens  that  although  the  digestive  powers  are  equal 
e  disposal  of  50  or  60  ounces  of  milk  per  diem,  they  are  unable  to 

Phiu  drug  has  for  many  years  been  neglected  in  the  treatment  of  dysentery,  at  all  events 
l^lish  practitioners.     It  undoubtedly  possesses  anti-<lysent€ric  virtues  of  a  high  order, 

used  ver>'  extensively  and  successfully  by  irregular  practitioners  in  the  East  in  the 
c  forms  of  this  disease.  The  official  preparation  is  much  too  weak  and  the  tlose  too 
In  the  East  much  larger  <ioses  are  used.  One  methoil  of  preparing  and  using  it 
I  have  seen  in  vogue  is  as  follows : — Siniaruba,  2  ounces,  divide  into  four  equal  parts, 
r  one  portion  in  an  earthenware  pot  in  a  pint  and  ahalf  of  water  for  three  hours,  strain. 
«  patient  remain  in  betl  and  drink  this  decoction  on  an  enipty  stoniarh  every  second 
ig  for  four  times.  The  food  must  be  very  plain  and  consist  j)rincipally  of  milk  ami 
•ous  stutfs.     Another  metho<l  of  })reparation  is  to  boil  an  ounce  of  simaruba  in  twelve 

of  water  till  red«iced  to  seven  drachms,  strain  ;  to  this  is  added  one  drachm  of  spirit. 
I  preparation — which  is  niatle  in  an  enamelled  vessel — a  child  may  take  one-fourth 
n  adult  the  whole.     Tlie  dase  should  be  taken  every  night  for  four  nights. 
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cope  with  a  larger  quantity,  a  few  additioual  ounces  bringing  on  diir- 
rhoea.      In  such  cases  nutrient  enemas  should  for  a  time  BupplenMl 
feeding  by  the  mouth ;    indeed,   in  every  case   in  which  the  reeoa 
tolerates  their  presence  nutrient  enemas  may  be  given  with  advttUp. 
Sometimes  only  a  very  small  and  utterly  inadequate  amount  of  milk  oi 
be  borne.     In  some  of  these  cases  aerated  milk  or  koumiss  agrees  bett& 
There  is  also  a  class  of  case  in  which  the  power  to  absorb  fluid  in  iw 
larger  quantity  is  in  abeyance  ;  in  these,  by  thickening  a  small  quatill 
of  fresh  milk  with  condensed  milk  or  some  form  of  desiccated  milk,orliy 
evaporating  in  shallow  dishes  and  at  a  low  temperature  a  portion  of  tki 
water  in  fresh  milk,  the  requisite  amount  of  nourishment  may  k  inti^ 
duced  without  increasing  the  bulk  of  fluid. 

Before  leaving  the  subject  of  the  milk  treatment  of  sprue  1  wmH 
repeat  that  it  must  be  thorough.  I  have  seen  cases  in  which  theaadiw 
of  a  biscuit  or  a  rusk,  or,  worse  than  these,  of  bread,  interfered  with  in 
success,  and  in  which  the  withdrawal  of  these  ** extras"  was  veiyspeedilf 
followed  by  solid  motions  and  improved  mouth.  I  would  also  impni 
upon  my  readers  the  imi)ortance  of  securing  a  supply  of  pure  milk  I* 
these  patients.  A  little  lime-water,  or  bicarbonate  of  soda,  or  a  pinch  rf 
table  salt,  may  be  added  to  the  milk  Avith  advantage  ;  but  such  substin* 
as  boracic  acid — so  frequently  employed  in  London  by  dealers  in  ii4 
<luring  hot  weather — are  exceedingly  dangerous.  I  once  saw  a  e* 
nearly  lost  in  this  way.  If  milk  is  to  be  the  only  food  no  trouble  shonH 
be  spjired  to  see  that  it  is  thoroughly  good. 

If  after  a  thorough  trial  of  milk,  say  for  a  fortnight,  there  is  no  sip 
of  improvement,  what  is  to  be  done  ?  As  regards  feeding,  experim** 
must  be  made  in  one  direction  after  another  to  try  whether  haply  80* 
food  or  combination  of  foods  can  be  found  which  will  agree.  Peptoniw 
food,  malted  foods,  or  some  of  the  many  preparations  of  this  descripw 
on  the  market  may  be  tried.  Fresh  meat-juice,  scraped  beef,  whit** 
ei^g,  {)ounded  chicken,  thoroughly  cooked  arrowroot,  corn-starch,  dfio* 
tion  of  scorched  rice,  have  all  been  of  service  ;  but  my  experience  on  tli 
whole  has  been,  that  where  the  milk  or  milk  and  fruit  treatment  to 
been  thoroughly  carried  out  and  htis  failed  no  other  treatment  k* 
succeeded. 

Di*.  Neil  Macleod  of  Shanghai  has  favoured  me  with  the  foUoviflJ 
note  on  the  treatment  of  certain  cases  of  sprue : — 

It  is  unquestionably  the  physician's  first  duty  to  resort  to  milk — milk  «1* 
— ill  dealing  with  this  disease;  in  nine  cases  out  of  ten,  if  it  is  nutt*»^W 
advanced,  a  successful  result  will  be  obtained.  There  are,  however,  «itJ* 
cases  where  with  milk,  thouj^di  tried  in  various  forms,  the  stools  conOB* 
copious,  loose,  and  oti'ensive,  and  the  patient  will  insist,  and  it  would  app<tf  • 
if  it  were  the  case,  that  the  milk  makes  matters  worse.  Flatulent  aWomi'* 
distension  is  complained  of  anil  discomfort  is  obvious.  In  such  cases  a  wnpH' 
withdrawal  of  milk  and  the  substitution  of  fresh  beef-juice  is  well  worthy  «• 
trial.  The  quantity  obtained  by  squeezing  one  pound  of  good  beef-steak,  i'l<*»* 
of  fat  and  underdone,  should  be  given  every  two  hours  for  seven  or  eight  if0 
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e  addition  of  salt  and  a  very  little  pepper  renders  it  more  palatable. 

ith  the  milk,  a  careful  watch  of  the  daily  quantity  and  (|uality  of  the 

solutely  necea«ary  to  judge  of  the  effect  of  treatment.     Within  forty- 

8  the  distension  and  discomfort  will  have  disappeared.     The  stools, 

te  black,   will  be  watery  for  a  time  with  minute  shreds  dispersed 

If   improvement  continue    the  shreds  will   disappear,    and,    in 

cases,  the  stool  may  be  of  the  consistence  of  thin  treacle,  becoming 

thicker,   till   in  the  second   week  a  purriilgy   consistency  may  be 

If  the  patient  feels  hungiy  and  dissatisfied  with  the  juice,  a  half- 

isp  toast,  thin  as  thick  pardboard,  may  be  given  with  each  dose,  in 

the  st<x)l8  will  be  brown  instead  of  black.     The  toast  should  be 

if  the  patient  desfires  it,  and  this  is  usually  the  case.     On  this  diet, 

•  to  assuage  thirst,  occasionally  a  formed  stool  may  occur.     At  the 

\  second  week  a  piece  of  underdone  l>eef-steak  free  from  fat  may  be 

must  be  well  masticated.      If  the  stool  keep  its  favourable  character 

istence  and  quantity,  a  mutton  chop  without  the  fat  may  be  substi- 

ter  a  few  days  an  egg  or  bread  and  butter  may  be  added.     One 

time  only  should  be  added,  and  the  result  tested  by  watcliing  the 

le  consistence  and  quantity  of  the  stools.     As  in  the  case  of  the  milk, 

be  no  hesitation  in  harking  back  when  indications  present  themselves, 

tations  being  thinning  of  stools,  increase  of  quantity,  and  specially 

dour,  or  any  of  these.     Starchy  puddings  may  next  be  added,  and 

so  far  a  cup  or  two  of  milk  daily  may  now  be  tried.     It  must  l)e 

d  that  meat  stools  are  more  offensive  than  milk  ones. 

onally  a  combination  of  the  milk  and  meat  treatments  succeeds, 
pie,  for  five  or  six  days  of  the  week  the  diet  may  be  exclusively 
for  one  or  two  days  exclusively  meat.  Meat  and  milk  should 
:en  at  the  same  meal. 

ry  efllbrt  to  check  the  diarrhoea  or  to  improve  the  assimilation 
d,  f>erhaps  it  is  the  wisest  course  to  accept  the  inevitable,  and 
)e  a  diet  and  a  treatment  most  in  keeping  with  the  wishes  and 
:  the  patient.  We  occasionally  read  of  wonderful  recoveries  on 
diet  even  of  coarse  fare.  It  is  sometimes  possible  to  continue 
diet  too  long,  and  it  may  happen  that  after  a  time,  a  certain 
n  the  matter  of  food  will  be  followed  by  improvement.  Care 
taken  to  restrict  the  amount  of  food.  This  is  most  important : 
ents  should  always  feel  hungry. 

tly  Dr.   Begg  (o7),  who  appears  to   have   seen  much  of  this 

Hankow,  China,  says  he  has  found  in  santonin  almost  a  specific 

He  places  the  patient  in  bed,  and,  after  a  dose  of  castor  oil 

pessary,  a  large  enema  of  warm  water,  gives  five-gmin  doses  of 

ntonin  dissolved  in  a  teaspoonful  of  olive  oil  every  night  or 

For  six  times.     He  insists  that  the  santonin  shall   be  yellow 

white  santonin  he  has  found  to  be  less  effectual.     The  diet,  at 

ilk,  is  gradually  improved  as  the  powers  of  digestion   return. 

that  by  this  treatment  he  has  cured  many  cases  in  which  the 

ixnent  had  failed,  and  also,  he  says,  the  yellow  santonin  treat- 

the  further  advantage  of  being  more  permanent  in  its  results 
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and  occupying  a  much  shorter  time.     I  have  tried  this  method  in  & cMh 
siderable  number  of  cases ;  my  experience  has  not  been  favourable. 

Another  system  of  treatment  deserving  further  investigation  is  tbt 
known  as  the  "  fruit  cure  "  or  "  grape  cure."  Van  der  Burg  recommeidi 
it  very  strongly.  In  caiTving  out  this  system  of  treatment  the  diet  bui 
consist  entiiely  of  fruit,  such  fruits  being  selected  as  are  pulpy  and ftw 
from  coarse  seeds,  fibres,  and  excessive  acidity.  Fresh  or  tinned  appl» 
pears,  peaches,  apricots,  strawberries,  grapes,  cucumbers,  mulberries,  raansfr 
steens,  lichis,  hmgans,  rambuUins,  melons,  gourds,  are  some  of  the  fmii* 
van  der  Burg  recommends.  The  juice  of  oranges  and  pumelos  he  permits, 
but  pineapples  he  interdicts.  I  have  never  employed  this  treatment » 
the  exclusion  of  milk  altogether,  but  van  der  Burg,  who  had  a  veryitf? 
experience  of  sprue  in  Java,  is  enthusiastic  in  its  praise,  and  cites  sevenl 
cases  in  which  it  proved  highly  successful.  He  says :  "  I  need  hanDy 
say  that  some  courage  is  required  to  enter  on  this  course,  especiaUywfc* 
diarrhoea  is  a  prominent  symptom  ;  but  the  good  results  obtained  fcy 
others  and  myself  amply  justify  the  treatment." 

The  subjects  of  well-marked  sprue  in  the  tropics  ought  to  be  sent » 
Europe  as  soon  as  possible,  and  should  not  return  until  they  have  paw 
at  least  one  hot  vseason  in  a  cool  climate,  or  until  their  symptom* » 
thoroughly  in  abeyance,  and  they  can  partake  of  ordinary  food  wi 
impunity,  and  are  in  a  satisfactory  state  of  nutrition. 

Before  sending  the  patient  on  board  ship  an  effort  ought  to  be  nai 
to  check  the  more  active  symptoms ;  on  no  account  should  a  patient  W 
sent  to  endure  the  miseries  of  a  long  seii-voyage  when  in  a  dying  cfli- 
dition.  Before  being  shipped  careful  instructions  as  to  diet  should  k» 
given,  and  the  patient  educated  in  the  use  of  milk ;  sterilised  miltorit 
all  events  preserved  milk,  can  always  be  procured  on  board  ship,  andmd* 
a  very  fair  substitute  for  the  fresh  article  when  this  cannot  be  obtiin* 
Great  care  must  be  exercised  during  bad  weather,  especially  during  ^ 
extreme  heat  of  the  Bed  Sea,  and  suiUible  clothing  must  be  provided  i» 
kept  in  readiness  to  meet  the  somewhat  sudden  tiansition  from  troji* 
heat  to  the  piercing  cold  of  the  Mediterranean  and  Atlantic  in  winter. 

As  may  readily  be  imagined,  a  chronic  disease  like  spnie  hw  bett* 
fruitful  field  for  the  quack.  His  failures,  of  course,  are  frequent,  l* 
there  cnn  be  little  doubt  that  many  cases  of  this  disease  have  been  eorrf 
by  what  I  may  call  unorthodox  methods.  Van  der  Burg  mentifliii* 
number  of  drugs  and  nostrums  used  in  Java  by  a  class  of  charlatans"* 
])rofess  to  be  "  sprue  doctors  "  ;  in  China,  also,  there  are  such  peopfcj 
one,  in  particular,  acquired  a  gieat  reputation  in  Shanghai  and  ^ 
extensively  patronised.  His  "cure"  consisted  in  dosing  with  castor* 
or  other  purgative  for  several  days  in  succession — perhaps  for  a  ww*^ 
f«'edini:  the  patient  the  while  on  milk.  He  then  administered  an  «•■ 
niatic  tincture — jM).ssi])ly  of  simaruba  with  opium — along  with  abort* 
dessert-spoonful  of  a  white  powder  containing  a  large  proportion  of  ** 
l)onate  of  lime — possibly  cuttle-fish  bone  or  crabs'  eyes  finely  powderti 
On  alternate  days  with  the  tinctui'e  and  the  powder  he  gave  more  cart* 


Generally  in  a  week  or  ten  days  he  allowed  his  patient  beef-steak 
i  potatoes  in  small  quttntity,  and  then  gradually  permitted  them  to 
rattini  to  ordinary  diet.  I  have  personal  knowledge  of  at  luAst  tn-o  long- 
ftanding  and  severe  cases  of  sprue  who  declare  themselves  cnred  by  this 
nijtn.  and  who  now  say  they  are  iiuim  well  and  able  to  eat  and  drink  like 
thcr  people.  This  man  said  the  object  of  his  treatment  was  to  remove 
9  of  the  castor  oil  and  massive  powder  the  slime  which,  ns  he 
JF  correctly  said,  coaw  the  gut. 

Patrick  Manson. 
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HILL   DIARRHCEA 

Hy  Col.  Kennkth  Macleod.  I. M.S..  M.D.,  LL.D. 

EFINITION. — Looseness  of  the  bowels  occurring  in  persons  arriving 
>m  the  plains  ut  elevated  places  in  tropical  and  subtropical  countries. 
le  motions  which  are  passed  in  the  early  hours  of  the  day  are  light  in 
lour,  copious,  frothy,  and  liquid  or  pultaceous.  Flatulent  dyspepsia, 
orexia,  and  lassitude  are  essential  concomitants.  The  affection  is  not 
iting  or  fatiil  if  proper  precautions  l>e  taken,  but  is  apt  to  i-elapse,  or 
come  chronic,  or  to  result  in  an  attack  of  sprue  with  serious  consequences 

hoiilth  <-ind  life. 

Etiology. — This  form  of  tropiciil  diarrha»a,  or  Dinrrhxa  alfniy  has 
tracted  most  attention  in  India  on  account  of  the  migration  of 
iroj)eanR.  civil  and  militjiry,  to  hill  stations  timing  the  hot  and  rainy 
aaoiis.  The  disease  was  originally  descnbed  by  (Irant  and  otliers 
ben  this  custom  began,  and  has  excited  increased  interest  as  the 
iiniHT  of   persons  proceeding   to   the  hills  has  grown  larger.      There 

rcfison  to  believe  that  the  maladv  is  not  confined  to  India.  Hirsch 
fers  to  the  prevalence  of  diarrha*a  on  the  Coidilleras  of  South 
tterica,  and  in  the  higher  regions  of  Afghanistan  and  I^tdurhistan  ; 
k1  doubtless,  when  we  obtain  more  exact  knowledge  regjirding 
•  including  a  clearer  definition  of  the  disease,  it  will  be  found  to 
"isvail  in  tlie  hills  of  most  tropical  and  subtropical  countries.  An 
evation  ot  <;()00  feet  and  upw\'irds  appears  to  be  necessary  to  produce 
11  diarrhna,  but  its  (xtcurrence  at  lower  levels,  as  at  Hong  Kong,  has 
Jen  r#*(!or(b»d.  Here,  again,  stricter  precision  of  diagnosis  is  nee<led. 
H  Iii<li:in  hill  stations  are  not  equally  culpable.  Those  situated  on  the 
•^ithi^in  asj)ects  of  the  Himalayas — Sinda,  Mussoon,  Nyneetal,  and 
*rjeelin;i,  for  example, — furnish  more  cases  than  ])laces  such  as 
f^tacamund.  Mahableshwar,  and  Abu,  which  are  situated  on  elevations 

the  tropical  plains.  M(X)re  remarks  that  extra-tropical  stations  are 
tw^'  in  this  respect  than  intra- tropical.  Cases  mostly  occur  in  ini- 
tiate anticijKition  of  the  south-western  monsoon  or  during  its  preva- 
''ce.  Monsocm  influences,  which  are  favouiiible  to  the  development  of 
^lera  on  the  plains,  cause,  or  aid  in  causing,  this  flux  on  the  hills.  A 
^  barometer,  saturation  of  the  atmosphere  with  moisture,  and  a 
«itively  high  temperature  are  the  meteorological  conditions  asso<iated 
th  r)utl>reaks  of  hill  diarrhoM.  Cases  are  usually  sporadic  nufl 
ceptional:  but  the  disease  sometimes  assumes  an  epidemic  facies,  as  in 
*t  remarkable  outbreak  at  Simla  in  the  vom  ISSO,  described  bv 
't)mbie  (2),  in  which  from  50  to  75  per  cent  of  the  population  sufVered, 
*d  alK)ut  75  per  cent  of  the  attacks  occurred  between  the  l.*Uh  and 
Hh  of  June,  just  b(*fore  the  advent  of  the  rains,  when  the  atmosphere 


568  SYSTEM  OF  MEDICINE 


was  saturated  with  warm  moisture.  Whole  families  were  simultaneoa< 
prostrated,  others  escaped,  and  a  considerable  section  of  the  inbabitu 
living  at  a  lower  level  remained  exempt.  The  personal  conditions  deu 
mining  attack  or  exemption  have  not  been  clearly  defined.  Tlie  rol» 
and  healthy  succumb  as  well  as  the  delicate  and  sickly.  New  arrira 
are  more  prone  to  suti'er  than  permanent  residents  ;  men  are  more  iiab 
than  women,  and  Europeans  than  natives.  Children  under  twelve  i: 
seldom  or  never  attacked.  The  same  is  true  of  cholera.  Persons  wl 
have  once  suffered  are  very  liable  to  relapses  on  revisiting  the  hiD 
Acclimatisiition  occurs  in  most  cases,  especially  after  mild  attacks;  bn 
some  persons  are  unable  to  reside  in  the  hills  on  account  of  freqoen 
relapses,  ending  in  permanent  illness.  Insanitation,  impure  water  u* 
milk,  chill,  fatigue,  and  excessive  eating  and  drinking  have  been  assignn 
jis  causes,  but  these  conditions  .appear  to  be  rather  predisposing  or  con 
tributory  than  exciting.  The  intimate  causation  of  the  malady  renuiw 
to  be  discovered. 

Pathologry. — The  descriptions  of  hill  diarrhoea  have  l>een  so  mixri 
up  with  those  of  other  forms  of  tropical  diarrhcea  or  Diarrheii  alh  ibXi 
is  not  easy  to  indicate  the  pathology  of  the  milder  and  moi^e  transial 
malady  occurring  in  the  circumstfinces  above  described.  Indeed,  Nr 
J.  Fayrer,  Moore,  and  otheis  consider  all  forms  of  white  fliix  to  b 
"  modifications  of  the  same  disease."  Opportunities  of  performing  pos- 
mortem  examinations  in  cnses  of  genuine  hill  diarrhcea  are  exceeilingljnut 
The  morbid  anatimiy  of  spnie,  and  of  other  severer  forms  of  Ifuvi^ 
alhiiy  is  well  known.  The  intestines  are  atrophied  and  degenenitei 
theii-  absorbent  and  dimdular  structures  destroyed,  the  liver  and  niesentew 
glands  shrunken,  and  the  body  attenuated.  In  hill  diarrluea  the  intesW" 
lesion  would  seem  to  be  rather  catarrhal  than  .atrophic,  the  small  g* 
being  contracted  and  thickened,  and  the  mucosa  swollen  and  congesteJl^^ 
Xo  thoroudi  chemical  examination  of  the  faeces  and  urine  has  be* 
made.  Sir  J.  Fayrer  (piotes  an  analysis  of  the  faeces  in  a  typical  case» 
tropical  diarrhfoa  by  Dr.  Sidney  Martin,  communicated  by  Dr.  J.  F.  »• 
MacConnell.  There  w.as  .an  al>sence  of  sugar  and  starch,  butanextf*" 
fatty  material,  and  a  deficiency  of  bile  which  was  dimini.shed  bym"'* 
than  one  half.  The  bilirubin  obtained  was  unaltered,  and  only  trace*  ■ 
bile-acids  were  found  ;  the  proteids  h<a(l  been  converted  into  .illmnw* 
In  bad  ciises  the  stools  are  lientcric.  As  regards  the  urine  theinfof*^ 
tion  is  still  scantier.  Moore  st.ates  that  "  the  unne  is  frequently  naW* 
throughout,  sometimes  shewing  traces  of  bile."  The  symptoms  poin|** 
an  intestinal  catarrh,  associated  with  impaired  duodenal  and  intestii* 
digestion  and  rapid  decomposition  of  partially  digested  fo<xL  ™ 
formation  of  bilirubin  from  effete  hemoglobin  seems  to  l>e  in  abefJB* 
and  the  conversion  of  the  former  into  stercobilin  sus^iended.  ^ 
production  of  l)ile-aci(ls  and  s.alts  seems  also  to  be  checked.  HowtW*^ 
disorders  of  intestine,  liver,  and  perhaps  of  the  pancreas,  are  broiigbt*'** 
it  is  difficult  to  say.  Cronibie  (3),  who  held  that  hill  diarrhoea  is  adi^^^f 
s\ii  (/riwris!,  atti'ibntes  them  to  altered  physical  environment,  more  ^^^ 
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\  diminished  atmospheric  presam-e,  which  amounta  at  Simla  to 
tut  3  Iha.  to  the  square  inch  lees  than  on  the  plains,  and  to  a  high 
D  of  humidity.  Hill  sickness  (vertigo,  nausen,  and  kasitude)  appears 
B  indubitably  due  to  alteration  in  the  physical  environment,  and  it  ia 
%  a  violent  assiunption  that  similar  circumstances  may  bring  about  the 
wtic  and  intestinal  distiirhanccB  chnrac  tori  sing  bill  diarrha>a.  Mo 
sheared,  from  the  incidents  of  the  Simla  onthreah  of  1880,  which  was  a 
typical  and  very  severe  example  of  hill  diarrhcea,  that  neither  previous 
disease  or  iUhealth,  malaria,  insanitary  conditions,  bad  water,  con- 
ainated  milk,  nor  scurvy  to  which  the  causation  of  hill  diarrhrea  has 
I  attributed  by  various  authorities,  explained  the  outbreak.  Addi- 
lal  and  more  searching  investigation  is  needed  to  elucidate  the  nature 
]  cAiisation  of  this  remarkable  malady. 
Symptoms. — The  attack  may  be  ushered  in  by  flatulent  dyspepsia, 
ite  for  food,  and  lassitude,  the  stools  being  solid  and  clay- 
oloured.  This  may  be  the  only  disturbance  of  health,  and  it  may  pass 
iitF  ill  n  tew  days  urnler  careful  regimen  (Crombie),  or  it  may  be  succeeded 
l>y  the  characteristic  looseness.  In  other  cases  there  is  a  smart  attack 
"(  ordinary  diarrhoea,  followed  by  white  flux.  In  some  instances  tho 
symptoms  arise  insidiously,  and  present  the  typical  features  of  the  malady 
frum  the  first.  In  a  fully  developed  seizure  copious  loose,  frothy,  white 
iir  drab-coloured  motions  are  passed  in  the  early  morning,  commonly 
li.tween  3  and  7  A.M.  ;  after  voiding  them  the  patient  ia  relieved. 
The  diarrhwa  may  be  painless  or  accompanied  with  colicky  sensations 
iluc  to  flatnlent  di8t«nsion.  During  the  remainder  of  the  day  he  feels 
Uirly  well,  and  is  able  to  resume  work  ;  but  there  is  always  more  or  less 
dyspepfiiu  with  acid  enictationa,  disinclination  for  food,  and  hebetude. 
These  symptoms  usually  pass  off  in  a  few  days,  but  may  persist  for 
weeks.  In  this  case  ansmia  and  marasmus  with  increasing  asthenia  and 
thargy  ensue.  The  abdomen  is  natural  or  flaccid,  or  sunk  or  distended 
'1  gaseous  accumulation.  The  liver  and  spleen,  unless  atfected  by 
«e,  are  normal  in  size.  There  is  no  pyrexia  or  jaimdice. 
nte  tongue  is  covered  with  a  thick  white  or  yellowish  fur,  TTie  pulse 
in  severe  cases  becomes  soft  and  weak.  On  return  to  the  plains,  or 
descent  to  a  lower  level,  the  symptoms  speedily  di3ap|.>ear ;  but  they  are 
apt  to  recur  on  revisiting  the  hills.  The  disease  sometimes  assumes  a 
^ronic  form,  presenting  the  characters  of  sprue  (see  p.  553).  Ii  is  seldom 
BCaI  iu  its  initial  stages,  but  in  its  chronic  and  persistent  phases  becomes 
Bbgerous  to  heallh  and  life. 

P^  Diagnosis. — The  history  of  the  ease  and  a  knowledge  of  the  circum- 
etftnces  in  which  the  attack  occurred  constitute  at  present  the  chief  means 
of  distinguishing  this  from  other  forms  of  IHnrrktm  ull-a.  Sprue  is  a 
disease  of  low  levels  in  hot,  moist,  tropical  places.  The  lingual,  buccal, 
and  [aucial  lesions  peculiar  to  it  are  absent  in  hill  diarrhoea.  The  intes- 
tinal disorder  of  sprue  is  more  severe  and  persistent,  and  the  evidence  of 
intesiinal  atrophy  more  pronounced ;  the  shrinking  of  the  liver  is  very 
evident,  and  the  anfemia,  marasmus,  asthenia,  mental  hebetude  and  deprea- 


570  SYSTEAf  OF  MEDICINE 


sion  are  much  greater.     Cases  of  recurrent,  inveterate,  or  persistent  wbiiu 
flux  consecutive  to  bill  diarrhcea  present  general  and  local  features  indis- 
tinguishable from  those  of  sprue.     So  do  cases  of  Dmrrhota  alba,  appearing 
de  noi'o  in  temperate  climates  in  persons  who  have  returned  from  the 
tropics  in  broken  health.     The  cases  of  chronic  dysentery  described  by 
Twining,  in  which  "  patients  sufl^er  from  a  continuance  of  copious  watery 
purging,  sometimes  attended  with  the  appearance  of  fermentation  like  a 
mixture  of  chalk  and  beer,"  can  hardly  present  any  difficulty  in  differential 
diagnosis.     It  is  evident  that,  for  purposes  of  distinction,  reliance  must 
for  the  present  be  placed  on  epidemiological  and  clinical  considerations; 
the  pathological  and  bacteriological  facts  are  too  vague  and  defective  to 
render  any  useful  assistance. 

Preventhn. — Persons  who  seem  to  bo  specially  prone  to  attacks  of  this 
malady  should  avoid  the  hills.  The  journey  up  should,  if  possible,  be 
made  by  slow  stages.  The  greatest  care  should  be  taken  to  avoid  chill 
and  fatigue.  The  abdomen  should  be  kept  warm  by  a  cholera-belt  or 
other  means,  and  caution  in  diet  and  drink  should  be  observed. 

Treatment. — Warmth  and  rest  are  important  indications.  Severe 
cas«?s  should  be  kept  in  bed,  and  enjoined  to  avoid  exposure  to  cold.  The 
diet  should  be  very  simple,  and  if  the  attack  be  serious  or  prolonged  a 
pure  milk  diet  should  be  resorted  to  as  in  sprue  (p.  558).  The  use  of 
pei)toni.se(l  or  pancreatised  foods  is  indicated  (8).  Astringents  appear  to 
do  moie  harm  than  good ;  opium  stops  the  looseness  for  a  time,  but  it 
invariably  rccui*s.  Cholagogues  have  not  been  of  any  service.  The 
medicines  which  have  been  attended  with  most  success  are  digestives 
and  intestinal  antiseptics.  Crombie  (3)  recommends  the  use  of  lacto- 
pei)tino  or  of  ingluvin  given  in  12 -grain  doses  alx)Ut  two  hours  after 
food.  Macphersoii  advises  the  administration  of  perchloride  of  mercury; 
Ciomhie  found  a  teaspoonful  of  licjuor  hydrargyri  pi»rchloridi,  abMit 
fifteen  minutes  after  food,  service;il>le.  Salol  and  naphthol  have  l>een 
enij)love«l  for  the  same  |)ur]K)se,  namely,  to  restrain  the  fermentation '^f 
food.  If  the  ease  does  not  yield  readily  to  treatment,  or  shews  a  tendemv 
to  fre<jnent  rela])ses  or  chronic  jHjrsistence,  a  return  to  the  plains  or 
(lescenl  lo  a  lower  level  is  absolutely  necessary. 
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TROPICAL    LIVER 

By  Anduew  Davidson,  M.D.,  F.R.C.P.ET). 

PlfAi^  formerly  known  as  Indian^  liver  is  a  disease  met  with  in 
>peans  who  have  resided  for  a  long  time  in  tropical  countries, 
be  eighteenth  and  first  quarter  of  the  nineteenth  century  it  was 
uncommon  thing  for  a  man  to  spend  the  whole  working  part 
lis  life  in  India  without  a  break.  During  a  period  of  thirty  years  or 
e  he  had  to  struggle  against  the  eflects  of  climate,  and  to  run  the 
titlet  of  the  numerous  maladies  peculiar  to  the  tropics,  and  did 
return  to  his  native  land  until  he  had  completed  his  official  career,  or, 
ngaged  in  mercantile  pursuits,  after  he  had  acquired  a  competence  or 
une.  The  retired  Indian  was  readily  recognised  at  tlie  St.  Ronan's 
Us  of  that  day  by  his  sallow  complexion,  his  imperious  manners,  and 
testy  temper,  sometimes  inclined  to  melancholy — all  of  which  were 
ibed  to  "  liver.''  The  typical  Nabob  is  extinct,  and  Indian  liver  in 
severer  forms  is  much  less  common  than  it  was  sixty  yeare  ago.  The 
rter  period  of  tropical  residence,  the  more  frequent  furloughs,  the 
X)m  of  invaliding  patients  before  disease  has  had  time  seriously  to 
air  the  health,  the  advance  in  sanitation  which  has  reduced  the  pre- 
mce  of  dysentery  and  malaria,  the  greater  attention  given  to  outdoor 
rts,  and,  above  all,  the  more  temperate  habits  of  the  present  age,  have 
contributed  to  this  result. 

PaflioJo(/icaUf/,  tropical  liver  has  for  its  basis  chronic  congestion  of  the 
in  AV'ith  or  without  intercurrent  acute  or  subacute  attacks  of  hypersemia. 
ittmir(dlf/,  the  liver  is  uniformly  enlarged  and  smooth,  of  a  firm  con- 
eiice,  and  bleeds  freely  on  section.  In  the  early  stages  the  enlargement 
oainly  the  result  of  vascular  engorgement,  and  disjippears  under  free 
gation.  When  it  is  of  long  standing  there  is  more  or  less  increase 
ihe  connective  tissue  with  atrophy  of  some  of  the  lobules  and  hyper- 
>hy  of  others.  The  liver  sometimes  undergoes  lardaceous  or  fatty 
ige.  When  it  terminates  •  in  atrophic  cirrhosis,  as  not  very  infre- 
itly  it  does,  it  loses  its  distinctive  characters  as  "  tropical  liver."  But 
^estion  of  the  liver  cannot  exist  for  any  length  of  time  without  giving 
to  grave  disorders — functional  and  stnictural — of  the  gastrointestinal 
b.  80  close  are  the  anatomical  and  physiological  relations  between 
liver  and  alimentary  canal  that  disease  of  the  one  is  very  apt  to 
luce  disease  of  the  other,  which  in  turn  aggravates  the  primary  malady, 
result  of  all  this  is,  that  in  tropical  liver  the  symptoms  of  impaired 
tion  of  the  stomach,  pancreas,  and  intestinal  canal  are  never  absent,  and 
>ld- standing  cases  are  sometimes  even  more  obtrusive  than  those 
cdy  referable  to  the  liver.  The  justification  for  distinguishing  tropical 
'  as  a  definite  diseiise  rests  on  the  marked  differences  which  exist 
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between  its  etiology,  symptomatology,  and  associated  pathology  and  tW 
of  congestive  liver  diseases  in  temperate  climates. 

Etiology. — The  more  important  causes  of  tropical  liver  are:— (I)  A 
high  temperature  and  chill;  (2)  Dietetic  errors,  quantitative  andqiaB- 
tiitivo,  aggravated  by  the  inactive  life  to  which  tropical  conditions  disp« 
the  European  resident ;  (3)  Malaria ;  (4)  Dysentery  and  diarrhoea. 

Heat,  — Tropical  liver  i^  essentially  a  disease  of  the  native  d » 
temperate  or  cold  climate  residing  in  the  tropics.  It  is  a  part  of  tke 
white  man's  burden.  This  points  to  the  predominating  influence  in  in 
causation  of  a  hot  climate  on  constitutions  not  adapted  to  it  Inderi. 
even  in  temperate  climates  the  initial  stage  of  hyperaemia  is  occasionallT 
observed  as  a  consequence  of  an  unusually  long-continued  heat-wave.  .\s 
the  cause  of  these  attacks  is  only  temporary,  so  the  effects  are  tnmsitofT. 
In  the  tropics,  on  the  other  hand,  the  cause  is  continuous  in  its  operati« 
and  its  eflects  are  more  permanent.  But  the  influence  of  heat  on  the  Euio^ 
pcan  in  the  tropics  depends  not  only  on  its  degree  and  duration,  but  ibo 
on  the  constitution,  and  still  more  on  the  habits,  of  the  individual  Sobb 
persons  experience  a  constitutional  difficulty  in  keeping  the  temperatait 
of  the  body  normal.  The  slightest  exertion  raises  their  temperature  or 
sends  them  into  a  profuse  and  weiikening  perspiration,  and  the  least  irwp- 
larity  in  diet  manifests  itself  in  disturbance  of  the  functions  of  the  lirer. 
Although  it  is  largely  the  case  that  every  one  has  the  sort  of  liver  in  tfce 
tropics  that  he  deserves,  this  is  not  absolutely  true,  for  some  with  tki 
greatest  care  cannot  avoid  congestion  of  the  liver  and  its  con8ei]uencei. 
Others  have  a  more  efficient  heat-regulating  apparatus,  and  more  readJf 
become  adapted  to  tropical  conditions.  It  is  outside  the  scojkj  of  tl* 
article  to  discuss  the  manner  in  which  heat  produces  liver  disease.  TV 
doctrine  that  the  lessened  functional  activity  of  the  lung  throws  woA 
\\ym\  the  liver  which  in  temperate  climates  falls  to  the  share  of  the  lunf 
to  perform  rests  on  no  solid  basis.  There  is,  in  fact,  no  evidence  tifl* 
the  consumption  of  oxygen  in  respiration  is  materially  diminished  in  tta 
ti-opics.  That  the  liver  has  more  work  to  perform,  and  that  till 
additional  work  is  mainly  responsible  for  its  breakdown,  is  a  tniih,tlK 
recognition  of  which  is  essential  to  a  clear  conception  of  the  pathology « 
tropical  diseases  of  the  liver.  This  additional  work,  however,  arises  froB 
the  side  of  the  gastro-intestinal  canal,  not  from  that  of  the  lung.  Ab 
obvious  >vay  in  which  heat  disi)oses  to  hepatic  disease  in  general,  and  w 
tropical  liver  in  particular,  is  the  liability  it  induces  to  chill  from  i* 
depressing  influence  on  the  vasomotor  system.  One  of  the  most  comnK* 
exciting  causes  of  active  hyperaimia  of  the  liver  and  hcptititis  isadii^ 
after  pi'ofusc  perspiration,  or  exhaustion  from  exposure  to  sun  and  fatigi* 
A  draught  of  cool  air  at  night,  a  cold  bath  taken  inopportunely,  or  * 
wetting  after  l>eing  overheated  is  sufficient  to  set  up  mischief  in  a  torpw 
liver.  The  influence  of  cold  and  chill  in  causing  attacks  of  congestio* 
is  well  exemplified  in  the  case  of  those  who  return  to  England  af'* 
long  years  in  the  tropics.  The  system  in  time  becomes,  to  a  certsfl 
extent,    set   to    heat,    and    a    process    of    reacclimatisation    has  to  ** 
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»  through.  Dr.  J.  Anderson  has  pointed  out  very  justly  that  the 
'tropical  resident  ''changes  back  to  the  conditions  of  his  early  life 
L  much  more  difficulty,  inasmuch  as  he  is  constitutionally  less  elastic, 
less  adaptable  to  the  second  change  than  to  the  first.  The  habits  of 
an  life  have  become  natural  to  him,  and  we  have  to  add  to  the  loss 
'outh  the  pathological  changes  met  with  as  the  sequelaB  of  tropiciil 
Ases."  The  impression  of  cold  on  the  vasomotor  system  readily  gives 
in  the  old  Indian  to  what  is  called  "  a  chill  on  the  liver."  We  may 
:  upon  heat  in  its  direct  and  indirect  effects  on  digestion,  metabolism, 
the  nervous  system  of  the  European  as  the  most  potent  factor  in 
causation  of  tropical  liver. 

Excess  of  foody  particularly  of  animal  food,  obviously  increases  the 
k  of  the  liver,  and  gives  rise  to  hyperaemia.  When  the  food  is  not 
'  in  excess,  but  of  an  indigestible  or  irritating  kind,  such  as  rich 
ries,  hot  curries,  and  strong  coffee,  the  evil  is  greater,  as  they  disturb 
3  the  functions  of  the  stomach  and  liver.  Weakened  digestion  is  one 
be  early  effects  of  tropical  heat  upon  the  constitution  of  the  European. 
an  the  stomach  is  overtaxed  by  imprudences  in  diet,  gastric  digestion 
nperfectly  performed  and  the  toxic  products  of  abnormal  fermenta- 
8,  absorbed  from  the  bowel,  irritate  the  liver.  Alcohol,  except  in  the 
:test  moderation,  is  a  hepatic  poison.  In  warm  climates  it  cannot  be 
dged  in  freely  for  any  length  of  time  without  impairing  the  integrity 
:he  liver.  Excessive  smoking,  although  vastly  less  injurious,  has 
(rise  a  detrimental  influence  on  the  stomach  and  liver.  Dietetic; 
rs  of  the  kind  we  have  mentioned  are  all  the  more  harmful  that  the 
I  temperature  indisposes  to  muscular  exercise.  It  is  a  matter  of 
)rience  that  those  who  take  active  exercise  in  the  cool  of  the  mornings 
evenings  are  less  liable  to  liver  disease  than  those  who  lead  an 
tive,  sedentary  life.  Daubler  has  pointed  out  that  the  European 
Iry  regiments  in  the  East  enjoy  better  health  than  the  rest  of  the 
p6,  and  are  also  more  resistant  to  disease.  Their  duties  ensure  them 
iliu:  exercise  in  the  open  without  undue  fatigue  and  without  raising 
body-temperature  to  a  degree  incompatible  >vith  health.^  Walking 
riding  are  the  best  kinds  of  exercise  for  the  average  European  in  the 
ics.  Athletic  games  are  unsuited  to  the  old  resident,  but  in  the 
ig  they  may  be  practised  with  great  advantage  to  the  health,  in 
cool  of  the  evening,  if  care  be  taken  to  change  the  clothes  immediately 
game  is  finished.  But  while  all  this  is  true,  it  may  be  laid  down  as 
udom,  that  no  amount  of  exercise  will  obviate,  in  the  long-run,  the 
consequences  of  indulgence  in  the  pleasures  of  the  table. 
Malaria  is  a  common,  and,  according  to  some,  the  principal  cause  of 
ical  liver,  but  it  is  doubtful  if  it  gives  rise  to  serious  and  permanent 
r  disease  so  frequently  as  is  supposed,  apart  from  the  action  of  heat 
other  predisposing  and  co-opei-ating  factors.  In  temperate  climates 
uria  is  seldom  followed  by  liver  disease,  except  in  alcoholics.  In 
tropics  congestion  of  the  liver  and  hepatitis,  as  a  consequence  of 
Ilia,  are  comparatively  rare  among  the  natives,  who  are  nevertheless 
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mora  Biibjact  to  malarial  infoctiou  than  the  Eumpean.     Thia  will  be  ■«^ 
from  the  following  figures  shewing  the  incidence  erf  tnalArlal  ferecoi 
gesliun  of  the  liver  »nd    liepatitis   in  the  European  and  nativA  B 
reapeutively  for  the  year  1901  :^ 

Eiiropeuu  Army.    Nntin  U 

Malarial  fever     ....       299-5 

Ooiig«a1i<in  of  the  liver  and  hepatitia  16'2 

The  only  explanation  1  have  to  oSer  of  these  hgures  is  that,  lUl 
virus  is  the  same  in  both  caaee,  the  livers  on  which  it  acta  are  dHfavit 
The  comhined  efl'eets  of  heat,  alcohol,  and  dieietic  erroi-s  oh  the  h»«  ui 
the  European  render  it  seventeenfold  more  liable  than  that  of  th«  nuivr 
to  this  class  of  diseases  in  spite  of  the  greater  liability  of  the  Ultcr  b 
malaria.  The  result  of  fr'equent  attatka  of  malaria,  in  the  European,  it  in 
many  cases  to  lay  the  foundation  of  chronic  enlargement.  The  i-ffnli  of 
the  infection  on  the  system,  too,  may  pemiat  long  aft«r  the  pant8il«»  iian 
disapjiearecl  from  the  jwripberal  blood.  It  is  uo  uncommon  thing  fv 
old  malarlala  to  sutTer  for  years  after  they  return  home  from  frbrib 
attacks,  neiu-aigias,  and  congestioDS  of  the  liver.  Chevers  stales  that  ha 
experienced  more  severe  paroxysms  of  intermittent  fever  in  BayainiA 
for  five  or  sis  years  after  his  return  from  India  than  he  ever  had  >t 
('hittitgong,  where  he  contracted  the  disease.  RanaM  Martin  **> 
"  (wrsecutod,"  as  he  says,  every  spring  for  thirty  years  «ft«r  lesTii^ 
India  by  a  fever  contracted  wlien  a  young  officer,  ftliatevei-  may  be  IIm 
nature  of  these  attacks,  and  malaria  can  scarcely  be  excluded  frou  iLiht 
etiology,  they  often  aggravate  the  symptoms  of  tropical  liver. 

Diairhmi  aiui  d'jseatertj,  when  chronic,  play  an  important  part  in  llw 
pathogenesis  of  tropical  Uver  and  abscess.  Ewald  remarks  that  "  tht>  li»<^ 
forms  a  sort  of  catch-pit  between  the  right  side  of  the  heart  and  the 
blood  of  the  portal  vein,  which  receives  all  the  toxic  matter  ubsotWS 
from  tile  Imwel  and  either  holds  it  and  gives  it  up  little  by  little  U>  ih^ 
blood,  iir  destroys  it,  or  excretes  it  again  with  the  bile  into  the  tnletiio^  ^^ 
In  chronic  dysentery  and  diarrhcea  the  amount  of  toxic  matton  > 
increased,  and  the  capacity  of  the  Uver  to  deal  with  them  will  depead 
its  integrity  and  on  the  ankount  and  quality  of  the  substances 
The  factor  of  primary  importance  as  regards  the  effects  of  dysenteif 
giving  rise  to  disease  of  the  organ  is  the  integrity  of  the  liver  iiw 
Tliis  is  proved  by  the  rule  that  while  the  native  of  India  suffers  mo 
than  the  European  from  dysentery  and  diarrho»  in  the  ratio  of  5!  K* 
35,  he  is  seventeen  times  less  liable  to  congestion  of  the  liver  »W* 
hepatitis,  and  from  twenty  to  twenty-live  times  less  liable  lo  ahecesa.  ~~ 
other  words,  he  sutlers  less  than  the  European  from  all  kinds  of  Kf*' 
disease,  and  less  still  from  the  graver  forms,  llie  reason  of  thii  " 
that  in  the  native  the  liver  is  functionally  adequate  to  render  innocu'  ^ 
the  poisonous  substances  absorbed  from  the  bowel,  which  otherwise  wtAH 
give  rise  to  he[)atitis  and  impair  its  resistance  to  the  bacterial  and 
infections  and  toxins  associated  with  dysentery  and  diarrhoui. 
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olution  of  Tropical  Liver. — The  liver  possesses  a  remarkable 
iy  of  dilatation  by  vascular  repletion.  During  a  paroxysm  of  ague 
tansion  may  sometimes  be  traced  by  percussion  at  short  intervals, 
ben  the  fit  is  over  it  will  be  seen  to  diminish  in  size  with  nearly 
rapidity.  In  health  the  quantity  of  blood  contained  in  the  liver  is 
ritiy  undergoing  fluctuations,  according  to  its  functional  require- 
During  digestion   an   augmented    supply  of   arterial    blood    is 

0  the  stomach,  liver,  spleen,  pancreas,  and  intestines,  with  a 
K)nding  increase  in  the  amount  conveyed  to  the  liver  by  the  portal 

This  physiological  hypersemia  is  in  relation  to  the  increased 
on  of  bile  i)Oured  into  the  duodenum  when  gastric  digestion  is 
;)lished. 

le  first  departure  from  strictly  physiological  hypersemia  anses 
from  any  cause,  the  amount  of  blood  sent  to  the  liver  is  in  excess 

functional  requirements,  resulting  in  a  secretion  of  bile  beyond 
is  necessary  for  healthy  digestion.  This,  which  may  be  called 
xt  hyperaemia,  is  the  kind  of  congestion  to  which  newcomers  in  the 
\  are  liable.  Not  that  all  are  attacked  in  this  way,  or  in  the  same 
I.  Copious  bile-coloured  stools  usually  ensue,  relieve  the  vascular 
1,  and  prevent  for  a  time  any  serious  disturbance  of  the  general 
.  If  care  be  taken  at  this  stage  to  reduce  the  intake  of  food,  and 
ulate  the  habits  in  other  respects  in  accordance  with  the  recjuire- 

of  tropicixl  life,  this  irritative  hypertemia  will  subside  without 
;e  to  the  liver.  If  the  conditions  giving  rise  to  it  persist,  a  state 
por  of  the  liver  sooner  or  later  sets  in.     This  is  generally  repre- 

as  simply  a  state  of  functional  exhaustion  conse<iuont  on  the 
ling  excess  of  activity.  It  is  something  more.  We  have  no  definite 
ations  of  the  state  of  the  liver  in  this  initial  sttige,  but  we  can 
'  be  wrong  in  ascribing  the  hypersemia  to  the  irritation  resulting 
ihe  additional  work  thrown  on  the  organ  by  increased  metabolism, 
le  Idnd  as  well  as  the  amount  of  work  may  here  be  a  matter  of 
bance.  So  long  as  the  liver  is  able  to  transform  the  material  sent 
an  increased  secretion  of  bile  is  the  only  evidence  of  the  stress 
ich  it  is  subjected.     When  the  work  exceeds  the  capacity  of  the 

the  secreting  cells  probably  become  infiltrated  with  imperfectly 
3rmed  substances,  and  their  bile -forming  function  is  impaired, 
wollen  hepatic  cells  pressing  on  the  bile  canaliculi  will  offer  an 
iment  to  the  free  flow  of  the  secretion.  Vecchi^s  experiments  seem 
ve  that  an  obstruction  to  the  flow  of  the  bile  weakens  the  physio: 

1  resistance  of  the  liver  to  such  an  extent  that  suppurative  hepatitis 
B  produced  by  the  introduction  into  the  liver,  by  the  vena  poita, 
lets,  or  intestine,  of  pathogenetic  germs  that  failed  to  provoke  a 

80  long  as  the  flow  of  bile  was  not  interfered  with.  Although 
ve  here  to  do  with  a  toxic  rather  than  an  infective  process,  the 
edflow  of  bile  is  doubtless  one  of  the  conditions  determining  the 
I  of  tropical  liver.  Howsoever  caused,  this  state  of  torpor, 
ing  irritative  hyperemia,  is  the  first  stage  in  the  evolution  of  the 


disease.  The  symptoioa  of  this  condilioii  are  want  of  appetite,  itt  £m 
moat  marked  in  the  morning ;  a.  coated  stale  of  the  tongue,  li  liitut 
or  saltish  taste  in  tlie  mouth,  and  a  feeling  of  weight  or  fulness  in  lie 
hypochondrium  and  epigastrium,  which  are  often  tender  on  preaiuR. 
When  of  some  standing  the  liver  will  be  found  enlarged.  Oigcttion  n 
hIow  and  painful,  with  heartburn  and  flatulence.  Constipation  in  ofui 
obstinate,  and  the  stools  pale  luid  pasty.  But  attacks  of  diarrhtai  occm 
from  time  to  time,  the  atook  boiug  pale  and  frothy,  or  dark  and  wsUiy, 
and  sometimes  mixed  with  mueiis.  Htemorrboids  are  of  frequent  oocv 
Fence.  The  patient  is  drowsj  after  meals,  but  often  sleepleaa  at  nigti, 
complains  of  headache,  is  disinclined  to  muscular  exercise,  iacap*Ut 
of  sustained  mental  eS'ort,  and  is  frequently  depresaed. 

By  prudence  in  diet,  avoidance  of  alcohol,  and  careful  hftbJU  of  lih, 
recovery  genei'ally  takes  place,  and  the  liver  regains  its  normal  actiTilc 
but  if  the  torpid  condition  persist,  the  pitient  stands  under  (b> 
imminence  of  serious  hepatic  disease.  Ait  excess  at  table,  a  ebiD. 
an  attack  of  malaria  or  dysentery  may  at  any  time  precipitate  ami* 
congestion,  hei>atitis,  or  abscess.  Acute  congestion  is  the  most  cor 
accident  supervening  on  liver  torpor,  aud  leads,  if  repeated,  to  el 
congestion  and  enlargement  There  are  pain,  weight,  and  oppresiian  in 
the  right  hypochondrium  ;  enlargement  and  tenderness  of  the  Uver  vitk 
more  or  less  fevei' ;  pain  on  deep  inspiration  or  evoked  by  a  sudden  jolt ; 
pain  or  aching  in  the  right  shoidder  radiating  down  the  arm  or  eeatMl  in 
the  region  of  the  scapula ;  tenderness  in  the  epigastrium  with  nuuei  v 
vomiting.  Tlie  bowels  are  constipated  and  the  stools  pale,  or  they  out 
be  loose  and  frequent,  and  passed  with  griping  and  flatulence.  If  iIk 
fever  rise  above  IO:i°  F.  the  disease  is  spoken  of  as  hepatitis.  Aoite 
congestion  and  hepatitis  are  dilferent  grades  of  the  same  diaeaae.  Wbn 
the  attack  has  been  set  up  by  a  chill,  severe  diarrhiBa  is  common,  sol 
may  persist  tor  weeks.  When  malaria  has  given  rise  to  the  congestW". 
the  spleen  is  often  considerably  enlarged ;  and  in  the  intcmpenU 
anasarca  of  the  lower  exti-emities  is  frequently  present 

But  the  evolution  of  tropical  liver  is,  in  many  cases,  much  mm 
insidious.  A  chill,  over-fatigue,  exposure  to  the  sun,  or  some  irreguluit5 
in  diet  gives  rise  to  slight  but  oft-recurring  uneasiness  or  t«ndcrw«i'' 
the  liver,  with  anorexia  and  indigestion.  The  symptoms  may  not  b«» 
severe  as  to  confine  the  patient  to  bed  or  house.  After  a  time,  bo*«n'' 
the  liver  is  found  to  be  hypertrophied,  and  the  spleen  perhn|>s  slighll.l' 
enlai^ed,  or  more  decidedly  so  if  the  patient  have  suffered  from  nialant 

Symptoms.  ^The  symptoms  of  tropical  liver  vary  extremely  accordiW 
to  the  stage,  severity,  the  fre<{uency  of  exacerbations,  the  preseatt  * 
absence  of  malaria,  and  the  extent  lo  which  the  digestive  system  is  involnft 
In  its  mild  form  they  are  those  of  torpid  liver.  In  its  higher  grades  ll>^ 
is  an  appreciable  enlargement  of  the  organ  in  all  directions  ;  somrtiW 
slight,  but  in  other  cases  the  liver  extends  for  two  or  three  inchus  Wo* 
the  costal  margin ;  occasionally  it  reaches  the  umbilicus.  Acutti  put  " 
not  much  complained  of,  but  the  patient  generally  knows  he  ^  ■  li**- 
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imes  there  is  a  dull,  dragging  weight  or  soreness  in  the  right  hypo- 
drium,  with  aching  in  the  shoulder  and  down  by  the  scapula.  The 
tite  is  poor,  digestion  slow,  sometimes  painful,  with  flatulence, 
e  may  be  acidity  and  heartburn  from  imperfect  digestion  of  carbo- 
ates,  or  eructations  of  foul-smelling  gases  from  putrefactive  changes 
le  proteid  elements  of  food,  with  frontal  headache  and  troubled 
ns.  The  ui'ine  is  at  one  time  limpid,  abundant,  and  passed 
lently ;  at  another  time  high-coloured,  scanty,  and  loaded  with 
iS.     Tourtoulis  has  insisted  on  diminution  of  urea  as  a  feature  in 

cases  of  tropical  liver.  The  bowels  are  habitually  constipated,  and 
aotions  paler  than  normal,  but  an  acute  attack  of  indigestion  may 
:  on  troublesome  diarrhoea.  The  spleen,  apart  from  malarial  com- 
ion,  is  only  slightly  enlarged,  but  in  malarial  subjects  it  may  attain 
derable  dimensions, 
lie   complexion  is  pale   and  sallow,  sometimes  of  a  faint  lemon 

rarely  is  there  any  undoubted  jaundice,  and  this  if  present  is 
orary.  When  the  disease  is  advanced  or  severe,  the  patient  is 
lie,  weak,  and  more  or  less  emaciated.  It  not  infrequently  happens 
after  a  number  of  years  of  tropical  residence  the  patient  becomes 
iable  than  at  the  beginning  of  his  career  to  exacerbations  of  acute 
ibacute  congestion,  but  these  recur  when  he  returns  home.  The 
ic  symptoms  in  these  circumstances  frequently  become  aggravated, 
nay  be  accompanied  with  irritability  of  temper  and  fits  of  despond- 
After  a  year  or  two  at  home  an  improvement  sometimes  takes 
,  and  with  prudence,  which  can  never  safely  be  dispensed  with,  the 
nt  may  enjoy  fair  health.  In  other  cases  gastric  troubles  and 
lia  gradually  undermine  the  health  ;  or  portal  cirrhosis  may  set 
d  leiid  to  a  fatal  issue. 

Veatment. — Tropical  liver  is  not  an  inevitable  consequence  of 
cal  residence.  It  is  to  a  large  extent,  at  least  in  its  more  severe 
a,  a  preventjible  disease.  But  the  FiUropeiin  cannot  take  the  same 
ties  with  his  liver  in  the  tropics  that  he  does  at  home.  By  a  careful 
nmodation  of  the  amount  of  food  taken  to  the  weakened  powers 
igestion ;  by  a  restricted  use  of  animal  food ;  by  the  avoidance 
idigestible  and  highly  seasoned  articles  of  diet,  and  the  strictest 
^ration  in,  or,  what  in  most  instances  is  better,  by  an  entire 
nence  from  alcohol ;  by  regular  active  exercise,  short  of  exhaustion, 
a  at  suitable  hours ;  by  the  avoidance  of  unnecessary  exposure  to 
wd  chills ;  by  adopting  a  rational  dress,  and  by  carefully  regulating 
kcUon  of  the  bowels,  the  European  may  live  for  years  in  the  tropics 
out  suffering  serious  inconvenience  from  the  liver,  if  he  be  fortunate 
gh  to  escape  malaria  and  dysentery. 

n  the  initial  stage  of  liver  torpor,  when  there  is  little  or  no  enlarge- 
\  the  indications  are  to  insure  regular  action  of  the  lK)wel8  and  to 
rt  tone  to  the  congested  stomach.  A  pill  of  po<^lophyllin,  combined 
aloes  and  ipecacuanha,  in  doses  sufficient  to  obtain  one  or  two  free 
ras  daily,  is  to  be  given,  and  the  digestion  assisted  by  10  to  20 
^OL.  II. — PT.  u  2  p 
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minims  of  dilute  nitro-hydrochloric  acid  and  10  minims  of  the  tinccor 
of  nux  vomica  in  gentian  or  quassia.  When  a  laxative  for  more  axiita 
use  is  necessary,  the  liquid  extract  of  cascara  with  euonymiii  genflnDi 
answers  well.  When  there  is  a  feeling  of  weight  or  discomfort  in  tk 
right  hypochondrium,  with  or  without  evident  enlargement,  more  jcdn 
treatment  should  be  resorted  to.  Sulphate  of  sodium,  or  iirtiticial  CarUM 
salts  consisting  of  two  parts  of  sodium  sulphate  to  one  each  of  sodin 
chloride  and  bicarbonate,  should  be  given  in  a  purgative  dose  in  tk 
morning ;  or  in  smaller  doses  more  frequently,  with  an  occasional  duttd 
5  to  8  grains  of  calomel  or  blue  pill  at  night.  This  treatment  should  W 
continued  for  two  or  three  weeks  till  the  symptoms  disappeai*. 

When  active  congestion  or  inflammation  is  set  up  from  a  chill  cr 
other  cause,  with  enlargement,  pain,  and  tenderness   of   the  liver,  tht 
patient  should  be  confined  to  bed  and  put  upon  a  milk  diet.     Salines  ii 
repeated  small  doses   should   be  given,   and,  when  the  case  is  seren^ 
leeches   may  be  applied   to  the  anus,  and  tm*pentiue  stupes  over  di 
region  of  the  liver.     Chloride  of  ammonium  in  doses  of  15  to  20gniM 
should  be  administered  four  times  a  day.     When  the  hepatic  cong^stM 
is  accompanied  with  diarrhoea,  as  not  unfrequently  happens,  one  or  Wi 
doses  of    20   to   30   grains  of   ipecacuanha   should    be    given,  and 
premature  attempt  made  to  arrest  the  diarrhoea. 

In  the  congestion  and  enlargement  of  the  liver  and  spleen  viti 
anaemia  consequent  on  malaria,  a  combination  of  the  sulphates  of  nu^ 
nesium,  (juinine,  and  iron,  with  dilute  sulphuric  acid,  often  proves  v«t 
useful.  In  the  extremely  malarious  year,  1879,  in  Mauritius^  wbei 
enlargements  of  this  kind  were  very  common  and  often  complicated  wii 
anasarc:i,  the  use  of  the  four  sulphates — as  the  mixture  was  called—'* 
generally  followed  by  a  marked  reduction  in  the  size  of  the  liver  vi 
spleen,  and  disappearance  of  the  anasarca  within  a  week  or  ten  dap. 
When  the  urine  was  scanty  and  the  heart's  action  feeble,  small  dort«« 
digitalis  were  given.  It  is  in  chronic  congestions,  especially  those » 
malarial  origin,  that  marked  benefit  is  derived  from  local  packs  of  nitw- 
hydrochloric  acid  over  the  liver.  Eight  ounces  of  dilute  nitro-hydrochlonf 
acid  are  added  to  a  gallon  of  Avater  at  a  temperatiure  of  98'  F.,  «■• 
cloths  soaked  in  this  mixture  are  applied  to  the  whole  region  of  w^ 
liver  and  the  upper  part  of  the  abdomen,  and  changed  frequently;  or  J* 
acid  may  be  applied  l)y  means  of  spongiopiline,  the  application  Iw 
intermitted  when  it  causes  too  much  irritation  of  the  skin. 

In  obstinate  enlargements  of  the  liver  a  change  to  a  temperate  din'* 
is  advisable,  the  utmost  prec.iutions  against  chill  being  inculcated.  * 
course  of  the  waters  of  Carlsbad,  Kissingen,  Friedrichshall,  or  VicV 
often  pi-oves  advantfigeous  in  these  cases.  Of  our  home  spas,  HaffOp* 
is  the  only  one  that  requires  mention. 

Auiemia  and  dyspepsia  are  frequently  prominent  symptoms  in  t»* 
who  have  returned  to  England  after  many  years  in  the  tropics.  T* 
antiMuia  may  l)e  the  result  of  previous  malarial  infection  aggra^Tited J? 
recurrences  of  congestion.     In  these  cases  quinine  in  combination"' 
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rvvn  is  iudicaied ;  aud,  as  a  matter  of  experience,  quinine  in  small  doses  i» 
cften  terviceable  in  the  tropical  livor  of  thoae  who  have  aulTered  much 
iroivx  fever,  even  when  there  are  no  special  symptoms  to  indicate  its  use. 
iha  ansmia,  in  other  caaea,  is  latber  to  lie  ascribed  to  inveteraie 
dyaf>«psja  rosulting  from  the  liver  disease  with  defective  secroiion  of 
gastarat  juice  imd  aiony  of  the  muBCiilar  coat.  When  the  dyspepsia  is 
not  the  result  of  advanced  chronic  gastritis  an  Impiovemeni  in  the 
(ii'ci.ilation  of  the  liver  may  be  expected  to  result  in  an  ameliora- 
lio»  of  the  stomach  symptoms.  The  digestion  is  to  be  assisted  by  the 
Mlm  s.  niatratiun  of  pepsiu,  hydrochloric  acid,  and  mix  vomica.  If  there 
I>e  xaciuoh  flntidencti  and  constipation,  ox-bile,  given  in  the  form  of  pill 
and  coated  with  keratin,  is  of  service.  Iron  and  tonics  will  also  ixi 
tisef  «j|  if  free  action  of  the  bowels  is  maintained. 

'Xhe  sufferer  from  tropical  liver  and  dyspepsia  is  frequently  a  n'ctlm 
to  *»aenlal  depression,  caused  partly  by  disease  and  partly  by  no  longer 
hav-i  ng  any  duties  to  occupy  his  mind.  Foreign  travel  may  be  recom- 
mer»<jed  with  advantage  in  these  cases;  the  fre(|uent  change  of  scene 
atnl  company  diverts  the  patient's  attention  from  his  morbid  sensations, 
«hil«  the  enforced  activity  in  the  open  air  promotes  the  circulation  and 
imp>i-ove8  the  appetite.  When  tropical  liver  terminates  in  cirrhosis  the 
tre4*.tment  is  that  proper  to  this  disease. 

Andrew  Davidson. 
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TROPICAL  ABSCESS  OF  THE  LIVER 

By  Anubew  Davidsom,  M.D.,  F.K.C.P.En. 

I'.VDER  the  term  "  tropical  abscess  of  the  liver  "  are  included  the  single 
or  miiUiple  large  abscesses,  whether  dysenteric  or  idiopathic,  which  form 
such  a  characteristic  feature  in  the  pathology  of  warm  climates.  Pyiemic 
ahscesaes  and  suppurative  cholangitis,  which  are  not  peculiar  to  any 
climate,  will  be  dealt  with  separately  in  Vol.  IV. 

On  few  subjects  that  have  received  equal  attention  are  opinions  more 
disconlant  than  on  the  |>athogenesi8  of  tropical  abscess.  Is  there  an 
i<liopathtc '  variety,  or  are  all  tropical  abscesses  of  dysenteric  origin  1 

I  Tim  word  "  iiliopaihio  "  is  not  free  from  obJKtions,  ix  pointol  out  in  an  eilitorial  foot- 
Mteat  ^lfi4,rQl.iv.,  18S7.    It  tH  here  used  for  tlie  sake  ot  cunveauincv,  and  "in  its  negstlra 
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When  associated  with  dysentery,  does  the  intestinal  ulceration  precede 
and  give  rise  to  the  hepatic  inflammation,  or  are  the  two  affections  'Jk 
result  of  a  common  cause  acting  simultaneously,  successively,  or  alter 
nately  on  intestine  and  liver  ?  Is  liver  abscess  a  complication  of  amdiie 
dysentery  only,  or  does  it  also  arise  in  connexion  with  the  bacterial  fom* 
When  associated  with  amoebic  dysentery,  do  the  amoebae  act  merely  m 
carriers  of  pyogenetic  organisms,  or  do  they  co-operate  with  these  ia 
giving  rise  to  suppuration,  or  are  they  the  sole  agents  in  its  causitiflol 
We  shall  endeavour  to  review  the  data,  such  as  they  are,  bearing  on  ti»« 
points  as  fully  as  our  limits  permit. 

Etiology.  —  Geographical   Distribution,  —  The   large   hepatic  »bK«". 
except  as  a  result  of  injury,  is,  as  Hirsch  remarks,  one  of  the  nr* 
diseases    of   temperate   and    cold    climates.      Graves    relates  a  case  of 
iipparently  idiopathic  abscess  of  large  size  in  a  glass-blower,  a  trule  ■ 
which  the  workmen  are  subjected  to  great  heat.    The  cases  of  indigema 
origin  met  with  in  our  own  country  are  almost  invariably  a  sequel  i 
diarrhoea  or  dysentery.     Hepatic  abscess  as  a  complication  of  dvBentar 
was  more  frequent  in   Ireland  in  the   first  quarter   of  the  nineteeai 
century  than    at  the    present  day.      Cheyne   met   with    four  cases « 
liver  abscess  in  thirty  autopsies  for   dysentery  in    Dublin   during  tk 
epidemic  of   1818,  and  two  of  these  were  large  abscesses.     In  a  retan 
of  the  causes  of  death   in   the  army  serving  in  Ireland,  from  the  1* 
January   1818  to    Ist    October   1826,  twenty -four    deaths   f rom  Ht* 
a])scess   are    recorded.      Instances    of    this    kind    are    extremely  titb- 
Dr.  Geramel   found  abscess  of  the  liver  twice  in  eighty  fatal  caaes" 
colitis  at  the  Lancaster  Asvlum.     Other  cases  are  to  be  found  8caltfl» 
in  medical  literature;  but  it  may  be  safely  asserted  that  liver  abscess, • 
an  indigenous  disease  in  the  United  Kingdom,  at  the  present  day,  i*  * 
pathological  curiosity.     The  same  holds  good  for  France,  Germany, »» 
northern  and  central  Europe  generally ;  even  the  amoebic  form  of  dys*- 
tery,  occasionally  met  with   in   these  countries,   is  rarely  followed  »? 
abscess.     We  have  definite  accounts  of  its  more  frequent  occurrence  a 
some  parts  of  Rumania,  Italy,  and  Dalmatia.     In  Gibraltar  it  gave  riee^ 
a  death-rate  of  Oil,  and  in  Malta  to  one  of  0*43  per  1000  during  the  fonr 
years  1888-91,  as  compared  with  a  ratio  of  1*35  for  Bengal ;  but  itisB'* 
certain  whether  the  disease  was,  in  every  instance,  contracted  at  tb* 
stations.     In  Cyprus,  judging  from  the  Colonial  reports,  hepatic  ahje* 
.must  be  rare  among  the  natives,  as  in  1903  no  case  occurred  outof  nW 
20,000    patients    treated,  of    which    number    261   were   suffering  W 
dysentery.     Respecting  Greece,  Turkey,  and  Asia  Minor,  all  we  can  ff 
is  that  liver  abscess  is  met  with  in  these  countries  more  frequently  tb* 
in  Europe,  but  to  what  extent  is  uncertain. 

India  provides  the  most  tnistworthy  statistics  of  hepatic  abscess,  •» 
the  following  figures  refer  to  its  incidence  in  the  European  and  natr* 
troops  and  in  the  prison  population  : — 
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Mkth-rates  per  1000  from  liver 
ibscess  in  India 


European  Army. 
18tfl-1900. 


Native  Amiy. 
1891-1900 


Jail  Population. 
190M008. 


t  will  1)6  seen  from  this  table  that  the  death-rate  is  twenty -one 
>  higher  among  the  European  than  the  native  troops,  and  fourteen 
I  higher  than  among  the  prisoners.  The  prevalence  of  the  disease 
8  greatly  in  different  regions  of  India,  as  is  evident  from  the  follow- 
able,  which  gives  the  death-rates  per  1000  from  liver  abscess  in  the 
pean  army  for  1901-3  in  the  different  geographical  areas  into  which 
ountry  is  divided.  For  the  sake  of  comparison,  the  death-rates  from 
itery  for  the  corresponding  years  and  areas  are  added  : — 


ma  Coast,  Bay  Islands         .         .         .         . 

na  Inland 

^1,  Orissa  ... 
jetic  Plain,  Chota  Nagpur  . 

er  Sub- Himalaya 

'.  Frontier,  Indus  Valley,  N.W.  Rajputana 
Bajputana,  Central  India,  Gujarat 
an       ....... 

t  Coast  .         .         . 

hern  India  . 

Stations 


Liver  Abocesa. 

Dysentery. 

2-30 

3-70 

1-35 

0  00 

6  55 

3-30 

2-34 

0*03 

0-98 

107 

0*38 

0  22 

1-75 

117 

1-27 

0-26 

1-06 

0-21 

rio 

019 

1-08 

0-66 

glance  at  the  above  table  shews  that  the  death-rates  from  liver 
S8  and  dysentery  bear,  upon  the  whole,  a  direct  relation  to  one 
er,  yet  not  so  close  and  constant  as  to  give  support  to  Chauffard's 
n  that  '^  the  more  frequent,  grave,  and  persistent  dysentery  is  in  a 
ry,  in  the  like  proportion  will  suppurative  hepatitis  be  frequent, 
,  and  persistent/' 

iver  abscess  is  comparatively  rare  among  the  natives  of  Ceylon, 
)  in  1 903  all  the  hospitals,  asylums,  and  public  institutions  furnished 
34  admissions  and  1 6  deaths,  while  dysentery,  chiefly  bacterial,  gave 
3  2294  admissions  and  658  deaths. 

iver  abscess  appears  to  be  loss  common  in  the  Malay  Peninsula  than 
lia.  There  were  no  deaths  among  the  European  troops  in  the 
A  Settlements  during  the  four  years  1888-91.  Nor  does  it  seem  to 
all  frequent  among  the  native  population.  In  the  year  1893  there 
only  ^\%  admissions  for  liver  abscess  in  the  hospitals  of  the  Settle- 
i  serving  a  population  of  572,449.  During  military  expeditions  in 
(alay  Peninsula,  however,  dysentery  and  liver  abscess  come  more 
jvidence.  Thus,  Conwell  observed  no  fewer  than  seventeen  cases  of 
abscess  in  the  General  Hospital  of  Penang  during  the  two  months 
me  and  Julv   1827.     In  Cochin  China  and  Tonkin  liver  abscess 
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forms   from   2   to   3   per  cent  of  the   total  deaths  among   the  French 
soldiers. 

The  experience  of  the  American  army  proves  the  prevalence  of  liver 
abscess  among  strangers  in  the  Philippine  Islands.  Strong  found  liver 
al)8ces8  in  fourteen  out  of  ninety-seven  autopsies  of  amcebic  tlysentrty. 
Considering  its  prevalence  in  the  Philippines,  Java,  and  Sumatra.,  it  is  all 
the  more  remarkable  that  there  is  so  little  liver  abscess  in  South  China. 
Respecting  Hong  Kong,  the  hospital  returns  for  1904  state  that,  "thongh 
dysentery  is  common  enough  here,  liver  abscess  is  comparatively  rare, 
more  especially  among  the  Indians,  who,  however,  suffer  1>adly  from 
dysentery."  This  statement  is  justified  by  the  returns  of  the  ho6|>iuii 
for  that  year,  which  shew  no  case  of  liver  abscess  among  the  2607  patient! 
treated.  The  disease  appears  to  be  rare  in  Japan,  where  the  dysenterr  ii 
almost  entirely  of  the  bacterial  kind. 

Turning  to  Africa,  liver  abscess  is  common  among   the  £uro|)eu 
residents  in  Egypt  in  cormexion  ^vith  amoebic  dysentery.     The  ratio  of 
admissions  among  the  British  troops  for  the  ten  years  1895-1904  was  li) 
per  1000.     The  natives,  on  the  other  hand,  suffer  little  from  the  disease. 
Griesinger  met  with  two  cases  only  of  abscess  in  186  autopsies  for  priruarr 
dysentery  in  the  native  hospital.     The  French  suffered  much  from  lirer 
abscess  in  Algeria  in  the  early  years  of  their  occupation  when  iiiilitarj 
expeditions  were  frequent,  but  of  late  years  it  has  become  much  iw 
common.     In  the  hospitals  of  Philippeville  and  Bougie  liver  abscess  formed 
from   12*4   to  9*6  per  1000  of  the  total  deaths  diunng  the  ten  tob 
1807-76.     In  Senegal  liver  abscess  has  always  been  one  of  the  most  fatal 
diseases  of  the  Europeans,  but  it  is  comparatively  rare  among  the  natives 
It  appears  to  have  become  much  less  common  in  Sierra  Leone  in  rw^x 
years,  if  accounts  of  its  former  prevalence  in  that  colony  are  to  be  credited. 
Of  twenty -nine  deaths  of  Europeans  registered  in   1900-1,  none  w» 
from  liver  abscess,  and  only  one  case  occurred  in  the  native  hospital?  in 
the  same  years  out  of  2551  admissions.     Earlier  re}K)rts  speak  of  liver 
abscess  as  severely  endemic  along  the  whole  of  the  north-west  coart  of 
.Vfrica,  but  this  does  not  appear  to  represent  the  state  of  things  at  tk 
present  day.     Macfarlane  states  that  he  has  never  seen  a  case  of  liver 
abscess  at  Lagos,  although  dysentery  is  prevalent.     From   the  Efjiwif-r 
southward  tlie  disease  is  not  at  all  frequent,  with  the  exception  of  somf 
parts  of  the  Congo  Free  State,  where  Dryepondt  reports  it  to  l)e  rathff 
common  as  a  complication  of  dysentery.     Liver  abscess  was  extremely 
rare  as  a  sequel  of  dysentery  (which  was  almost  entirely  bacterial \  in  th** 
late  war  in  South  Africa  (29).     In  the  non-malarious  island  of  St.  Helea*- 
hepatitis,  according  to  Lombard,  causes  29  per  1000  of  the  total  deaths- 
Few  details  are  available  res])ecting  its  prevalence  on  the  east  c^st  of 
.Vfrica  ;  but  as  regards  Zanzibar,  we  have  the  express  testimony  of  Trap* 
to  the  effect  that  hepatitis  and  abscess  of  the  liver  are  almost  unkno^T 
there.      It  is  very  different  in  Mauritius,  ^vhere  the  disease  is  knoim  ta 
have  existed  since  the  first  settlement  of  the  island,  and  long  l>efore  tb 
advent  of  malaria.      In  1004  thirty  cases  were  treated  in  the  hospitAli 
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but  this  in  no  wise  represents  its  actual  frequency,  as  the  white  population, 
which  suffer  most,  do  not,  as  a  rule,  enter  the  hospitals. 

Abscess  of  the  liver  is  rare  in  the  northern  states  of  the  United 
States,  but  Prof.  Osier  informs  us  that  it  is  more  frequent  in  the  south. 
Accounts  by  Sullivan  point  to  its  rather  frequent  occurrence  in  New 
Orleans. 

It  has  often  been  noted  with  surprise  that  liver  abscess  should  be  so 

rare  in  the  "West  Indian  Islands  as  compared  to  the  East  Indies,  but  this  is 

^     undoubtedly  the  case.     The  death-rato  of  the  troops  stationed  there  for  the 

four  years  1888-91  was  0*23  per  1000,  as  compared  with  1-35  for  Bengal. 

Earlier  and  later  ob8er\'ers  agree  in  representing  liver  abscess  as  rare  in 

Jamaica.     I  have  before  me  a  statement  of  patients  admitted  into  the 

Kingston  Hospital  (9)  from  the  Ist  Noveml>er  1807  to  the  3l8t  October 

1808.     The  total  admissions  numbered  845,  of  which  268  died,  including 

17  from  dysentery,  but  none  from  liver  abscess.     Dr.  D.  M.  Ross  states 

that  he  has  never  seen  a  case   following  dysentery  contracted  in  the 

island.     In  Trinidad  there  were  only  four  admissions  for  liver  abscess  in 

1904-5  out  of  14,102  treated.     In  the  Leeward  Islands  generally,  the 

disease  appears  to  be  very  rare,  judging  from  the  Colonial  Hospital 

Reports.    It  is  luidoubtedly  more  common  in  Cuba,  according  to  Sullivan*s 

•ocounts  ;  and  here  it  is  generally,  but  not  exclusively,  a  complication  of 

dysentery.     We  know  that  it  is  not  infrequently  met  with  among  the 

'i^nch  soldiers  stationed  in  Martinique  and  Guadeloupe,  but  exact  figures 

••  to  its  prevalence  are  wanting.     Liver  abscess  is  rare  in  British  Guiana, 

'^*>ere  there  were  only  1 1  admissions  for  the  disease  out  of  a  total  of 

^^S22  from  all  causes  in  1903-4.     There  is  reason  to  believe  that  it  is 

*|l^i«fclly  rare  in  Surinam  and  Cayenne.     In  some  parts  of  Brazil  liver 

?JJ^^<i€88   is   rather   frequent,    especially   among    sailors    and    strangers. 

■^^'^vbere  on  the  western  continent,  or  perhaps  in  the  world,  is  liver 

*^|^<^e8s  so  fatal  as  along  the  northern  coast  of  Chile  and  the  coast  of  Peru. 

"^^^^^ut  21  per  cent  of  the  autopsies  at  Valparaiso  in  1871  revealed  abscess 

^.   ^lie  liver.     The  disease  ceases  to  be  endemic  in  the  more  temperate 

"'^t^cts  of  Chile,  south  of  the  35th  degree  of  latitude. 

Trom  a  survey  of  its  distribution  we  may  conclude  (a)  that  the  large 

j^^t*  abscess  is  practically  restricted  to  tropical  and  subtropical  countries  ; 

^^      that  its  prevalence   is   not  strictly  regulated   by   latitude  or   mean 

^^•^perature — some  moist  and  hot  countries,  such  as  British  Guiana,  being 

•^*^paratively  exempt ;  (c)  that  it  is  met  with  in  non-malarious  countries, 

"^^  this  does  not  exclude  the  influence  of  malaria  as  a  <lisposing  cause  of 

•**^ce88 ;  (d)  that  it  is  not  equally  distributed  over  a  region  where  it  is 

•■^^emic, — there  are  stations,  such  as  Barrackpur,  1 5  miles  alcove  Calcutta, 

•^t  are  hotbeds  of  liver  abscess  ;  (e)  that  liver  abscess  is  most  common  in 

•^^^tries  where  amcebic  dysentery  prevails  ;   (/)  that  the  natives  of  a 

;-      •^Untry  where  it  is  endemic  are  much  less  liable  to  liver  abscess  than 

p*      ^^fangers  coming  from  cold  latitudes,  although  it  has  not  been  proved 

^t  they  are  less  subject  to  amcebic  dysentery. 

MUude. — The  influence  of  altitudes  sufficient  to  reduce  the  mean 
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summer  temperature  to  that  of  temperate  regioiis  in  diminiBking  Ae 
prevalence  of  liver  abscess  ia  incontestable.  Koitis  states  that  in  Algou 
the  disease  is  rare  or  unknown  at  elevations  of  31)00  nifitres;  and  Joiinbnfl 
and  Tschudi  both  point  out  the  rarity  or  absence  of  liver  abscess  at  hi^ 
elevations  in  Meidco  and  Feru.  At  the  same  time,  it  is  often  obtnv"! 
to  be  more  frequent  at  moderate  elevations  than  at  tbe  sea-level,  «bere 
local  insanitary  conditions  favour  the  prevalence  of  dysentery.  Al 
Secunderabad,  for  example,  1700  feet  above  the  sea- level,  exlreraaiT 
fatal  dysentery,  often  complicated  with  liver  abscess,  decimated  the  trwji 
year  alter  year  before  the  demolition  of  the  old  infantry  barracks  aad 
the  introduction  of  mnch-needed  sanitary  improvements.  The  following 
table  gives  the  admissions  2>er  1 000  for  liver  abscess  in  the  Euro|>eiui  aniiT 
of  India  at  various  elevations  for  the  three  years  1895-97.  It  testlfiBH 
once  to  the  influence  of  altitude  and  of  local  conditions  on  the  prevalsnot 
of  the  disease. 


Meltorologieai  Cimdilions. — High  Mean  Tenpfralure. — The  influence <^a 
high  mean  temperature  in  determining  the  prevalence  of  liver  abaceas  nnj 
be  inferred  from  its  latitudinal  and  altitudinal  relations.  Rouis  obMnod 
that  the  years  in  which  the  temperature  in  Algeria  was  unusually  bi|k 
such  as  1843,  1847,  1849,  and  1S.53,  were  those  which  invariiMj' 
furnished  an  excessive  number  of  cases  of  liver  abscess.  Tbe  war  >» 
which  a  high  tempevatnie  favoiurs  the  evolution  of  the  disease  is  not  w 
evident.  Heat,  no  doubt,  disposes  the  bodf  to  hepatic  inflammatifni,  Int 
it  may  also  act  by  favouring  the  ranltiplioation  of  amielwe  in  exteml 
media,  thus  increasing  the  prevalence  of  intestinal  amtebiasis.  which  i> 
one  of  the  commonest  causes  of  hepatic  abscess.  In  niimeroits  individnil 
instances  prolonged  exposure  to  extreme  tropical  heat  has  appeared  » be 
the  determining  cause  of  abscess,  but  in  these  cases  co-operating  factan 
cannot  be  excluded. 

FieisaUvdes  of  Ten^ia^tnre. — Attention  has  already  been  directed  W 
the  comparative  rarity  of  liver  abscess  in  countries,  such  as  the  Suiil* 
Settlements  and  British  Guiana,  with  a  hot.  moist,  but  equable  climtU,)* 
compared  with  Senegal  and  Chile,  where  the  range  of  temperature  is  hi?!' 
and  the  fluctuations  sudden.  We  shall  lie  the  less  disposed  l«  i(UmIW<> 
the  influence  of  vicissitudes  of  temperature  as  a  factor  in  determining  t)M 
varying  prevalence  of  the  disease  in  different  tropical  regions  if  we  bfW 
in  mind  the  frequency  with  which  abscess  develops  in  those  who  retoi^ 
to  Europe  from  the  tropics  in  winter  or  uarly  spring.  !^me  of  the* 
cases  would  probably  not  have  terminated  in  abscess  had  the  patienU  D"* 
been  subjected  to  the  inclemency  of  an  English  winter.  VicissitudM  *'. 
temperature  will  certainly  not  suffice  to  give  rise  to  an  abscess  in 
healthy  liver ;  hut  the  case  is  different  when  the  organ  is  disoased  ** 
tropical  residence  and  chronic  dysentery.  Maclean  remarked  th»t  ID  **' 
experience  the  most  frequent  cause  of  acute  congestion  of  tbe  liver 
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sudden  change  of  temperature.  **  I  call  to  mind,"  he  says, 
ig  examples  not  only  of  acute  congestion  of  the  liver  brought 
v¥ay,  but  of  fatal  suppurative  inflammation."  He  relates  an 
•scess  developing  in  India,  as  the  result  of  a  chill,  in  a  young 
5  not  appear  to  have  suffered  from  dysentery.     A  case  of 

came  under  my  observation  in  Mauritius,  the  subject  of 
Ig  Hindoo  of  intemperate  habits,  had  never  suffered,  so  far 
made  out,  from  dysentery.  His  account  was  that  after  a 
ost  his  way  home,  lay  down  on  the  damp  ground,  and  fell 
L waking  next  morning  he  felt  severe  pain  in  the  right  hypo- 
•llowed  by  fever,  and  terminating  in  abscess.  In  this  case 
lation  between  the  chill  and  the  abscess  can  scarcely  be 

?Temlence. — According  to  most  of  the  Indian  authorities, 
;s  is  most  common  at  the  end  of  the  rains  and  the  1)eginning 
eason,  when  the  range  of  temperature  is  greatest.  Major 
ides,  from  an  analysis  of  the  dates  of  236  admissions  in 
.  there  is  no  season  of  special  prevalence  of  the  disease.  At 
>enegal,  on  the  other  hand,  where  the  distinction  of  seasons 
d,  Thevenot  found  the  admissions  in  51  cases  to  be  distri- 
ows : — October  to  March  31,  April  to  June  11,  July  to 
she\nng  a  distinct  preponderance  of  cases  in  the  cold 
the  diurnal  ranges  are  extreme.  This  represents,  I  believe, 
prevalence  of  hepatic  abscess  wherever  similar  conditions 

to  Dysentery. — Olmeta's  definition,  "I'h^patite  c'est  la 
foie,"  expresses  epigrammatically  the  close  relation  which  has 
ognised  between  dysentery  and  inflammation  of  the  liver. 
)gists  at  the  present  day,  excluding  all  other  agents,  regard 
ntery  as  practically  the  sole  determining  factor  in  the 
tropical  liver  al)scess.  Vaillard,  one  of  the  most  recent 
the  subject,  s^iys,  "  Peu  nombreux  sont  les  abc^s  du  foie 
|ues,  si  mi'iiie  Us  existent  reellenient"  Liver  abscess,  it  is  said, 
11  other  abscesses  in  the  character  of  its  pus,  which  points 
e  product  of  a  sjiceific  organism.  Liver  abscess  is  tropical 
rtc  dysentery  is  confined  to  the  tropics ;  and  its  prevalence 
ountry  or  locality  is  determined  by  the  prevalence  and 
imoibic  dysentery  in  such  a  country  or  loc^Uity.  This 
^tractive  from  its  simplicity,  and  also  from  the  large  amount 
itains.  Whether  there  is  only  one  form  of  tropical  abscess, 
lusively   of  ama^l>ic  origin,  is  the  point  we  have  now  to 

bscess  is  foreign  to  the  pathology  of  the  epidemic  dysentery 
:;limates.  Finger  did  not  meet  with  a  single  case  of  liver 
1  dysentery  autopsies  in  Prague  from  1846  to  1848,  and 
[1  only  one  abscess  in  279  fatal  cases  of  dysentery  in  the 
)m    1880  to   1884.      The  same  is  true  of   the  epidemic 
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dysentery  of  the  tropics.  The  dysentery  of  war  in  temperate  dimateii 
rarely  followed  by  abscess.  Marston  observed  two  cases  only  of  Hth 
abscess  among  the  numerous  soldiers  from  the  Crimea  suffering  frw 
dysentery  who  came  under  his  care  in  Malta.  The  same  absence  of  liw 
abscess  in  connexion  with  dysentery  was  noticed  by  Burkardt  during  tke 
Franco-German  war ;  and,  as  we  have  seen,  liver  abscess  was  extremely 
rare  in  the  dysentery  of  South  Africa  during  the  Boer  war.  Multiple 
liver  suppurations,  containing  the  Staphylococcus  pyogenes  aureus  only,  wen, 
however,  found  by  Birt  in  one-half  of  the  cases  of  dysentery  dueio 
Shiga's  bacillus,  in  which  superficial  gangrene  was  present  and  laip 
excavated  ulcers  were  formed.  Equally  remarkable  is  its  entire  ahaeKt 
in  some  of  the  most  fatal  outbreaks  of  institutional  or  asylum  dysentny 
in  temperate  climates.  Baly  did  not  meet  with  a  single  case  in  the  mat 
hundreds  who  died  of  dysentery  at  Millbank.  Nor  is  it  much  more 
common  in  the  prison  dysentery  of  India,  occurring,  according  to  Major 
Buchanan's  figures,  in  1  out  of  681  cases.  As  it  is  now  ascertained  tbt 
epidemic  and  institutional  dysentery,  and  that  of  war  in  tempen* 
climates,  are  of  the  bacterial  type,  we  are  warranted  in  concluding  tta 
bacterial  dysentery  is  not  usually  associated  with  large  liver  absces& 

One  form  of  dysentery,  which  we  now  recognise  as  amcebic  ui 
as  practically  restricted  to  the  tropics,  is  proved,  on  the  other  iui 
to  be  frequently  complicated  with  or  followed  by  liver  abscess.  !■ 
fittempting  to  establish  the  frequency  of  this  complication,  the  staditki 
of  earlier  observers,  who  were  ignorant  of  the  distinction  between  iW 
two  forms  of  dysentery,  are  of  no  use.  Hence,  we  are  confined  to  tk 
scanty  observations  of  recent  years.  Ki'use  and  Pasquale  found  Hw 
abscess  in  4  out  of  11,  Councilman  and  Lafleur  in  6  out  of  9,  ail 
Strong  in  14  out  of  96  autopsies  of  amoebic  dysentery.  These  fignw 
give  an  average  of  one  case  of  liver  abscess  in  four  or  five  fatal  cases  i 
amcebic  dysentery.  The  proportion  will,  of  course,  be  considerably  !• 
if  cases  which  recover  as  well  as  those  which  die  are  taken  into  accoiBi 
Harris  met  with  liver  abscess  twice  in  thirty-five  cases  of  amoebic  dysentoy 
which  he  investigated.  The  frequency  with  which  the  hepatic  complicatiw 
occurs  varies,  no  doubt,  in  different  countries,  seasons,  and  circumstanctf^ 
and  also  in  different  races.  We  can  hardly  be  wrong  in  thinking  tbit 
amwbic  dysentery  is  less  frequently  followed  by  liver  abscess  in  tk 
native  of  India  or  Africa  than  in  the  European,  and  we  have  good 
grounds  for  believing  that  it  increases  in  prevalence  during  war  in  co* 
tries  where  ama»bic  dysentery  is  emlemic.  From  all  this  it  is  clear  tW 
the  relation  between  the  dysentery  and  abscess  is  a  contingent  one^ 
other  factors  determining  whether  the  dysentery  will  give  rise  » 
abscess. 

It  is  obviously  more  important,  so  far  as  the  etiology  of  the  disei* 
is  concerned,  to  ascertain  the  proportion  of  cases  in  which  liver  absce* 
is  associated  with  dysentery  than  the  frequency  with  which  the  latter  » 
followed  by  abscess ;  and  here  the  observations  of  the  eai*lier  physicia* 
are  available.     The  following  tfible  presents  the  percentage  of  cases  of  li'*' 
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cess  found  associated  with  dysentery  or  intestinal  ulceration  by  some 
he  best  ol^servers  in  different  countries : — 


Olwen'er. 


Country. 


Innesley 

Unitary  ComniiBsioDcrh 

ivartulis . 

Zancarol 

Kelsch  and  Kieiier 

3mith 


India 


Number  of 
CanOH  of 
AbucesR. 


«» 


»> 
Calcutta 
Egypt  . 


Algeria 
Seaman's  Hospital 


29 
204 
509 

63 

48 
500 
444 
500 

45 


Percentaj^e  of  Cases 

associated  with  Dysentery 

or  Int«*stinal  Ulceration. 


72-3 
72-2 
53  0 
90-48 
41-7 
55  to  60 
59  0 
85-0 
84-0 


The  statistics  of  the  Sanitary  Commissioner  with  the  Government  of  India 
I  give  the  percentage  of  cases  in  which  ulceration  of  the  large  intestine  was 
id  associated  with  liver  abscess  for  the  period  of  six  years — 1896-1901.  The 
istics  for  1901,  which  being  the  latest  may  be  assumed  to  be  the  most 
irate,  give  the  number  of  cases  of  liver  abscess  in  which  a  complete  post- 
tem  examination  was  made  at  59.  Of  these,  the  abscess  was  associated  with 
iiation  of  the  intestine  in  58*9  per  cent ;  and  in  41*1  per  cent  no  ulceration 
discovered.  But  three  of  the  23  cases,  in  which  there  was  no  intestinal 
Ml,  were  associated  with  dysentery,  which  reduces  the  proportion  of  cases 
irhich  neither  dysentery  nor  its  lesions  were  present  to  35-7  per  cent, 
or  Rogers*  figures  shew  the  percentage  of  cases  in  which  there  was  eiiher 
ical  or  post-mortem  evidence  of  past  or  present  dysentery.  Both  clinical 
post-mortem  proof  of  dysentery  were  present  in  55*6  ])er  cent  only  of  his 
r?ation8 ;  post-mortem  evidence  alone  in  20*63  per  cent,  and  in  14*3  per 
there  was  clinical  but  no  post-mortem  evidence  of  previous  dysentery, 
observations,  made  in  Calcutta,  prove  beyond  doubt  the  almost  exclusively 
tnteric  character  of  liver  abscess  in  that  city.  In  eleven  of  Sachs*  cases  in 
:h  dysentery  was  present  no  causal  connexion  between  the  intestinal  and 
r  diseases  was  made  out 

A  few  additional  facts  bearing  on  the  relation  of  dysentery  to  liver 
;e88  ma}'  here  be  noticed.  Morehead  failed  to  discover  any  in- 
inal  lesion  in  twenty -one  of  his  fatal  cases  of  liver  abscess, 
tulis,  whose  object  was  to  establish  the  existence  of  an  amopbic 
Q  of  liver  abscess,  was  obliged  to  relegate  eleven  out  of  thirty- 
»  cases,  that  is,  33  3  per  cent,  to  the  category  of  idiopathic 
Jesses,  having  failed  to  find  any  history  of  dysentery,  any  intestinal 
)n,  or  amiTebse  in  the  pus  or  abscess-wall.  In  seven  out  of  fifteen 
«  investigated  by  Kruse  and  Pasquale  there  was  no  history  of 
mtery,  and  no  ama>baj  present  in  the  contents  of  the  abscess.  In 
out  of  ^\^  cases  of  liver  abscess  occurring  in  Hong  Kong,  in  1903, 
e  was  no  trace  of  dysentery,  and  no  amoebje  were  found  in  the  pus 
Abscess-wall.  Prof.  Meyer,  of  Grant  Medical  College,  Bombay, 
rms  me  that  in  a  large  number  of  cases  of  tix)pical  abscess  under 
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hifi  cikre  there  wa^  no  history  of  dysentery,  and  often  not  the  gligkwt 
trace  of  past  or  present  dysenteric  lesion. 

A  history  of  prei-ioiis  ilysontery  is  not  sufficient  to  strnnp  a  &tw 
abscess  as  amcebic,  or  even  as  dysenteric,  if  there  are  neither  Imiaiu  h 
the  bowel  nor  amcebie  in  the  pus  of  the  abscess.  Instances  of  large 
single  liver  abscesa,  following  upon  what  was  presumably  a  dod-kuuIk 
diarrhoea  of  the  mildest  possible  Icind,  have  been  observed  iu  p( 
who  had  never  been  out  of  England  (lu).  Neither  is  it  safe  to  at 
that  a  liver  abscess  associated  with  amtebic  dysentery  is  neomuitj 
caused  by  the  amojiue,  Haasler,  who  was  in  medical  charge  of  thit 
German  troops  during  the  China  expedition,  in  many  CHse«  did 
detect  amcebfe,  but  only  cocci  and  bacteria  of  the  colon  group.  Wlu^ 
on  the  other  hand,  amoeba  are  present  in  the  abscess,  this  may  be  talon 
as  conclusive  proof  of  its  nature,  even  in  the  absence  of  dysent«ric  leaou 
for  an  amiBbic  diarrhoea  is  frequently  followed  by  alracess.  Then  b 
some  reason  also  for  believing  that  amivbro  present  in  the  bowel  miK 
give  rise  to  liver  abscess  without  causing  diarrhoja  or  d^'septoY. 
A  liver  abscess,  again,  in  a  patient  who  has  suffered  some  years  prenomly 
from  amcebic  dysentery,  may  be  the  result  of  the  dyBent«ry,  and  y«t  DM 
caused  by  an  invasion  of  ammbie.  In  other  words,  an  amcebic  djrsenivy 
may  be  the  indirect  cause  of  an  idiopathic  abscess. 

What  conclusions,  then,  are  we  to  draw  from  the  data  befora  Oil 
Examination  of  the  figures  as  they  stand  shews  that  some  of  ths 
observers  have  failed  to  obtain  eridence  of  a  dysenteric  or  Mni.fbic  origiii 
in  from  15  to  30  per  cent  or  more  of  iheir  cases.  That  pmctioaJlyiU 
the  cases  in  Calcutta  appear  to  be  amcebic  is  no  proof  that  the  siune  boMi 
true  everywhere.  It  is  impossible  to  ignore  the  observations  of  Kartali*. 
Kruse  and  Fasquale,  Kocb,  Councilman  and  Latleur,  Meyer  and  CliiUc 
which  have  led  them  to  admit  the  existence  of  an  idiopathic  abaMS 
I  have  seen  a  considerable  nnmlwr  of  cases  in  which  a  previous  dyMoM; 
or  diarrhoea  could  be  positively  excluded. 

Lite  abscesses  are  those  which  occur  after  the  patient  has  Ult  At 
tropics  for  five,  ten,  or  even  twenty  years,  and  has  been  free  trom  iH 
symptoms  referable  to  bowel  or  liver.  In  most  of  these  cases  tfa«vi>i 
remote  history  of  dysentery,  and  in  some,  as  in  a  case  recorded  Ij 
Jo38eran<l,  latent  dysenteric  lesions  may  be  found  in  the  large  iottaliw 
In  most  instances,  however,  no  trace  of  dysentery  is  to  he  found  po^ 
mortem.  These  abscesses  arc  generally  sterile,  and  do  nut  oaonv 
amcebfe.  Some  of  them  ai-e  probably  due  to  a  latent  liver  sbaam 
which,  for  some  reason  or  other,  h.is  become  the  seat  of  an  •nUt 
inflammatory  process. 

Mr.  Cantlie  has  drawn  attention  to  the  somewhat  frequent  occtin«» 
in  the  tropics  of  what,  he  calls  "  suprahepatic  "  abscess.  This  he  dMcrilv 
as  "  situated  between  the  layers  of  the  suspensory  ligament  of  the  liW 
having  as  boundaries  the  peritoneum  (I'^i'Jng  t.he  space  betwwti  ifc* 
layers  of  the  suspensory  ligament)  circumferenlially,  the  liver  below,  'W' 
the  diaphragm,"     The  suprahepatic  abscess  is  not  a  sequel  of  dysenwr, 
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ushered  in  by  hepatitis,  but  is  caused,  as  Mr.  Cantlie  believes, 
.     Although  not  a  hepatic  abscess  in  the  strict  sense  of  the 

existence  and  characters  require  to  be  remembered  for 
reasons. 

a  up  :  the  following  forms  of  tropical  abscess  are  met  with  : — 
ic  abscesses,  forming  the  great  majority  of  cases,  associated 
bic  dysentery  or  diarrhoea,  active  or  latent.  (6)  One  or  more 
cesses   are   occasionally   found    in    connexion    with    bacterial 

when  it  gives  rise  to  deep,  sloughing  ulceration  in  the  bowel, 
tiple  pysemic  abscesses  scattered  through  the  substance  of  the 
however,  of  more  frequent  occurrence  than  the  single  abscess, 
by  the  fusion  of  these  that  the  large  abscesses  are  formed. 
)pathic  abscess,  by  which  is  meant  one  not  caused  by  amoebic 
\  the  liver,  is  present  in  a  very  considerable  number  of  cases, 
e  prevalence  varying  apparently  in  different  regions,  and, 
t  different  epochs,  (d)  The  supmhepatic  abscess,  which  has  no 
)  dysentery,  is  to  be  looked  upon  as  an  extrahepatic  form 
lie  abscess,     (e)  The  late  abscess,  of  tropical  origin,  remotely 

amcebic  dysentery,  but  in  most  cases  idiopathic  in  its  final 
nt. 

liver  abscess  is  associated  with  dysentery  what  is  the  sequence 
hey  respectively  appear  ?  Annesley  and  Morehead  considered 
ny  instances  the  hepatic  disease  precedes  and  gives  rise  to  the 

and  at  the  present  day  this  view  has  the  support  of  Kelsch. 

s  of  which  I  have  notes,  dysentery  preceded  the  abscess  in  21, 

b  in  4,  and  in  9  instances  the  two  diseases  developed  simul- 

In  no  fewer  than    6   out  of    the   21    cases  in   which  the 

preceded  the  abscess,  it  is  noted  that  the  hepatic  symptoms 
eared  immediately  on  the  cessation  or  followed  closely  on  an 

of  the  dysenteric  flux.  Major  Rogers  found  either  clinical  or 
m  evidence  of  antecedent  dysentery  in  all  but  two  out  of  forty 
rer  al)scess. 

m  to  Malaria. — When  the  malarial  hypothesis  of  hepatic 
s  accepted  it  was  taken  for  granted  that  the  congestions  of  the 
ring  in  the  course  of  the  fever  were  the  determining  cause  of 
mation  ;  and  now  that  this  conception  is  exploded  it  is  equally 
granted  that  malaria  has  little  or  no  influence  in  the  production 
.  abscess.  The  precise  action  of  the  toxins  of  malaria  on 
bas  not  l)een    thoroughly  investigated ;   h3'aline  degeneration 

of  the  hepatic  cells  has  been  observed  by  Flexner  and  others 
on  with  tropical  tertian,  which  points  to  malaria  as  a  predis- 
se  of  abscess.  Not  a  few  instances,  however,  are  on  record  in 
nexus  between  malaria  and  liver  abscess  appears  to  have  been 
1  the  term  fredisiyosxmj  implies.  I  shall  only  (juote  two 
)f  this  kind : — Mr.  Boll,  of  the  Civil  Hospital  at  Hong  Kong, 
i  case  of  a  young  officer  of  three  months'  service,  in  whom  none 
nary  causes  of  liver  abscess  were  present.     He  was  admitted 
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vritU  enlai'gemerit  of  the  liver,  urid  his  hlood  contained  numerous 
of  maleiria.     The  liver  dimiiiighed  in  size  under  quiuine,  but  ttie  \vv 
persisted,  and,  as  a  precaiitiouary  measure,  the  liver  was  explored 
pua  was  found.      A  Freiioh  officer  was  admitted  with  fever  mid  bnr 
abeceBs,  but  no  dysentery  or  diaiThteo,  and  his  blood  shewud 
parasites  of  tropii:al  tertian.      After  the  operation  for  liver  ftbueis 
temperature  continued  high  (104'8  F.).     Under  theactiou  of  qutuiiie 
fever  disappeared.      In  cases  of  this  kind  it  is  imposailile  to  exdiutt  tfc[ 
influence  of  the  malarial  virus  iu  the  causation  of  the  abscess. 

Personal  Faotopa. — Age. — Liver  abscess  is  a  disease  of  adult  Bge,  hot 
children  are  not  altogether  immune.  Dr.  Kolleston  has  collected  VJM- 
ences  to  16  eases  of  "typical  tropical  abscess"  in  cbildreu,  all  uf  wfaick 
were  associated  with  dysentery.  In  two  instances  amoebie  were  found  ia 
the  pus  of  the  abscess.  I  may  here  add  3  cases  in  children  i^A 
respectively  three  and  ten  years,  reported  in  the  Hong  Kong  Hoifiitil 
returns  for  1 903  ;  in  neither  were  am<ebas  or  bacteria  present  in  tlia  pn 
or  absuoss-wall.  I  lind  three  deaths  from  lii'er  abscess  returned  u  oeeor 
ring  in  an  aggregate  of  3H,305  soldiers'  children  in  India — a  ittu  d 
008  per  1000.  The  age  liability  in  percentages  for  the  Earopeuius^ 
of  India  for  the  three  years  1901-3  was  as  follows  :^ 

4  10  -li  20  18  2« 

If  the  average  for  a  larger  ntunber  of  years  were  taken  we  aboald 
doubtless  find  a  moi'e  uniform  increase  with  advancing  age  ;  but  tb 
figures,  as  they  stand,  fully  corraborate  the  infor'ence  of  Bryden  that  Gwf 
abscess  is  "a  disease  of  degeneration," 

Sti. — Men  are  everywhere  much  more  liable  to  liver  abscoM  tlitt 
women — the  proportion  beiTig  generally  stated  as  30  :  1.  This.  1  tkial. 
is  an  exaggerated  estimate  of  the  difieretice  in  the  liability  of  the  MP- 
The  Indian  statistics  for  1901-3  give  a  death-rate  of  t'5  per  1000 for^ 
men  and  of  Oi+  for  the  women — a  ratio  of,  say,  7  :  I.  The  liabilit;of 
women  in  the  better  classes  would  naturally  be  less  than  that  o(  llw« 
attached  to  the  army.  The  relative  immunity  of  the  female  sex  i<  tl» 
result  of  their  more  temperate  habits,  and  of  their  tieiug  less  oxpoeed  » 
the  exciting  causes  of  the  disease.  Van  der  Burg  ascribes  it  to  raenttr"* 
tion,  and  this  may  have  a  certain  iuHuence  in  diminishing  liability  t^ 
hepatic  congestions  and  indirectly  to  aliscess. 

/iiM. — It  is  universally  agreed  that  the  natives  of  tropical  climaM  «• 
much  less  liable  to  liver  abscess  than  strangers  from  cold  latitudes,  ii " 
shewn  by  the  figiires  for  the  European  and  native  armies  of  India  gi"*" 
above  (p.  581),  The  experience  of  Haspel,  who  had  charge  of  the  fore^ 
legion  in  Algeria,  was  to  the  effect  that  Italians  and  Spaniards  were  f 
subject  to  hepatitis  than  the  natives  of  the  north  of  Kuropc  1^ 
former,  he  says,  "  proved  physiologically  better  adapted  to  the  counlij- 
ffahils. — Intemperance.- — "  The  causes  of  liver  abscess,"  s«y«  Aret*"*! 
"are  intemperance,   a   proUscted    disease,    especially   dyseiitei;,  x"* 
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Uiqaative  wasting."  So  liir  as  alcohol  is  concerneil,  all  modern  obaervers 
vith  liim  in  giving  it  &  leading  pluce  in  the  etiology  of  the  disease. 
cases  of  liver  abecesB  in  which  K.  J.  Waring  noted  the  habits  of 
patients  ho  found  that  675  per  cent  wore  intemperate.  "We 
Idoro,"  filys  Cayley,  "  meet  with  hepatitis  or  liver  abscess  among  total 
betAiners,  except  the  pyemic  form  directly  associated  with  dysentery." 
!  comparative  immiuiity  of  the  natives  of  the  F^st  is  largely  to  be 
irihed  to  their  temperate  habits.  l)r.  Saudwith  informed  me  that  in 
ypt  the  strict  Mohammedan  who  follows  the  rules  of  the  Prophet, 
^ough  not  exempt  from  liver  disease,  seldom  suffers  from  hepiilic  abscess. 
^t  ia  very  rare  among  the  peasant  folk,  women,  and  children  of  all 
B  who  are  practically  teetotallers."  Conweil,  in  the  same  way,  stated 
"the  native  domestics  who  acquire  European  vices  are  equally  or 
e  subject  to  hepatitis  than  the  European.".  The  pernicious  influence 
\  alcohol  on  the  liver  manifests  itself  in  temperate  climates  in  giving 
!  to  cirrhosis  and  other  forma  of  hepatic  disease.  The  mortality 
among  publicans  at  home  from  diseases  of  the  liver  is  six  times  greatei' 
than  that  of  other  classes  of  corresponding  age.  In  India,  alcohol  does 
not,  indeed,  give  rise  to  cirrhosis  so  often  as  in  Europe,  for  the  reason 
suggested  by  Maclean,  that  "the  drunkard  in  India  linds  a  shorter 
Mxu]  to  the  Krave."  I  would  only  add  as  the  residt  of  my  own  observa- 
tions that  the  constant  use  of  alcoholic  liquors,  short  of  intemperance, 
esgiecially  tippling  between  meals,  powerfully  disposes  to  liver  abscess. 

Food. — An  excess  of  animal  food  and  the  use  of  strong  curries  and 
rich  pastries  contribute,  along  with  other  causes,  in  disposing  the 
European  to  liver  abscess ;  but  the  influence  of  excesses  of  this  kind  has 
b«jo  exaggerated.  The  comparative  immnnity  of  the  rich  native,  who 
often  makes  up  for  his  abstinence  from  alcohol  by  gluttony,  seems  to 
>ltew  that  absoeas  of  the  liver  is  not  the  penalty  specially  attached  to  this 
Woe. 

Ai-rlimalisation. — Prolonged  residence  in  the  tropics  tends  to  increase 
r.ither  than  to  diminish  the  liability  of  the  Eim>pean  to  liver  disease  and 
^'■steaa.  This  will  be  seen  from  the  following  table,  which  gives  the  per- 
•■emagB  mortality  from  liver  abscess  according  to  length  of  residence 
'")<]  i\iQ  percentage  of  invaliding  for  hejiatitis  and  liver  abscess  for  the 
.'■ears  1901-3:— 
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of  residence  is  very  high,  testifying  to  the  newcomer's  want  of  adaputiwito 
tropical  conditions.  After  the  second  year  a  steady  rise  in  the  mortalitj  fr» 
abscess  sets  in,  caused  no  doubt  by  the  increasing  inadequacy  of  the  gnduiDy 
deteriorating  liver  for  the  work  thrown  upon  it  The  amount  of  inTalidiij 
from  hepatitis  and  liver  abscess  combined  increases  according  to  length  of  r» 
dence,  and  is  a  measure  of  the  prolonged  effects  of  climate  and  other  coDditHW 
in  determining  functional  and  structural  diseases  of  the  viscus. 

Morbid  Anatomy. — Number  of  Abscesses, — From  the  discrepant  resula 
obtained  by  observers,  it  may  be  inferred  that  the  proportion  in  whick 
the  abscess  is  single  or  multiple  is  a  variable  quantit3\  Of  288  casei 
analysed  by  E.  J.  Waring,  the  abscess  was  single  in  61*5,  double  in  Hi 
and  multiple  in  27  per  cent.  Niblock  found  the  abscess  single  in  85, 
and  multiple  in  1 7  per  cent  of  his  cases  in  the  Madras  General  Hospitil 
Prof.  Meyer  informs  me  that  in  Bombay  abscesses  are  almost  alwiji 
single.  The  ratios  in  cases  under  my  observation  corresponded  closel/ 
with  those  of  Rouis,  viz.  75  per  cent  single,  1 1  per  cent  double,  id 
1 4  per  cent  multiple.  In  one  respect  all  these  observations  agree,  vii 
in  shewing  a  large  preponderance  of  single  abscesses,  a  point  of  gw* 
importance,  as  it  is  these  that  almost  exclusively  recover  on  operati» 
Very  different  proportions  are  given  by  the  Sanitary  Ck>mmi88ioD€r  fiv 
India;  thus,  in  509  autopsies  during  the  six  years  1896-1901,  ttot 
were  34  per  cent  of  single  to  66  per  cent  of  multiple  abscesses.  A 
very  considerable  number  of  cases  of  single  abscess  would,  of  coo» 
be  eliminated  by  operation,  while  the  multiple  cases  would  come  to 
autopsy.  This  will  account,  to  a  certain  extent,  for  the  prepondcruBi 
of  multiple  abscesses  observed,  but  whether  it  explains  the  abeohli 
reversal  of  the  ratios  hitherto  observed  may  be  open  to  donli 
Although  a  single  abscess  is  frequently  found  in  dysenteric  cases,  it  ■ 
more  commonly  met  with  when  there  is  no  intestinal  complicitt* 
The  following  table  presents  diagrammatically  an  analysis  of  the  Indi* 
results,  shewing  the  relation  of  the  single  and  multiple  abscess  to  intertip 
ulceration  ;  it  merits  some  attention  on  account  of  its  bearings  on  fc 
question  of  the  existence  of  a  dysenteric  and  non-dysenteric  form  of  ^ 
abscess. 
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ro  or  more  large  abscesses  are  not  infrequently  found  close  to  one 
>r,  divided  by  septa,  or  communicating  by  a  narrow  sinus.  These 
ecome  united  when  one  of  them  is  drained — the  sepUi  giving  way 
bhe  equilibrium  is  disturbed. 

t. — The  abscess  is  seated  in  the  right  lobe  in  from  70  to  80  per 
\  the  cases,  in  the  left  lobe  in  from  5  to  15  per  cent,  and  in  the 
Spigelii  in  from  2  to  5  per  cent.  Maclean  found  both  lobes  to  be 
it  of  abscesses  in  9  per  cent  of  his  cases.  The  upper  and  posterior 
f  the  right  lobe  is  the  common  seat  of  abscess.  Much  less  fre- 
y  it  occupies  the  concave  surface.  In  either  event  it  may  be 
d  superficially  or  deeply  in  the  substance  of  the  organ.  In 
ation  of  the  compiirative  frequency  with  which  the  right  lobe  is  the 
abscess,  it  will  be  borne  in  mind  that  it  is  six  times  the  size  of  the 
be,  while  S^r^ge's  experiments  appear  to  indicate  that  the  blood 
he  intestines  is  directed  chiefly  into  the  right  lobe.  Major  Rogers 
e  that  the  explanation,  \\\  respect  to  the  superficial  abscesses  at 
lie.s  in  the  frequency  with  which  amoebic  dysentery  invades  the 
ing  colon  and  hepatic  flexure,  permitting  the  direct  passage  of 
5  across  the  peritoneum  to  the  right  lobe. 

"•w  and  Size. — A  hepatic  abscess  is  rounded  provided  its  uniform 
ion  is  not  interfered  with ;  but  it  often  becomes  irregular,  and  even 
e,  from  the  fusion  of  neighbouring  collections  of  pus.  The  size 
abscess  when  it  enters  its  surgical  phase  varies  greatly,  according 
age,  stage  of  progress,  and  the  resistance  of  the  tissues.  Some 
I  only  two  or  three  ounces  of  pus,  from  others  one  hundred 
:tv  ounces  or  more  mav  be  evacuated.  There  is  no  difference 
n  the  idiopathic  and  dysenteric  abscesses  as  regards  their  size. 
ie  of  Liver  outside  the  Zone  of  the  Abscess, — Rouis  found  that  when 
B  was  evacuated,  the  volume  of  the  liver  was  normal  in  about  63 
L  ir. — PT.  II  2  Q 
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per  cent  of  hia  observation  a.     Id  many  cobos  ita  volume  or  weight 
Actually  increased,  but  sometimes  the  greater  pari  of  the  affected  bbc 
destroyed   with   a   corresponding  decrease   in   weight.       According  to 
Waring,  the  substance  of  the  liver,  apart  from  the  abscess  and  the  i 
diately  surrounding  tissue,  is  generally  softened  or  otherwise  dternl  In 
colour  or   conaiatence.       Out   of  twenty -five   oliservations    rewMiIrd  kf 
Roiiis,  the  liver  was  found  diseased  in  nineteen  and  apparently  bc^lh; 
six  cases.      Kelsch  and    Kicner,  on  the  other  band,  conclude  that  tfae 
integrity  of  the  parenchyma  outside  the  abscess  zone  is  the  nile,  not  t^ 
exception.     When  the  abscess  bos  followed  on  long-continued  dyscntm, 
I  have  rarely  found  the  liver  throughout  in  a  healthy  aUite.     Tbii  fi«- 
quency  with  which  perfect  recovery  follows  evacuation  of  tlie  pus  proves 
however,  that  the   suppurative   process   must   often   be   dependent  M 
localised  lesions,  rendering  a  particular  area  liable  to  be  surprised, 
were,  by  a  microbic  invasion,  which  it  was,  perba[>s,  only  tempontril; 
unable  to  resist. 

ForrmUion  ami  Goitlenls  of  Abscess. — Whatever  difTerencas  exist  in  tlM 
modes  of  formation  of  the  idiopathic  and  dysenteric  abscesses  reepectircJy, 
these  depend  solely  on  the  presence  of  aracebte  in  the  latter.  The  idiv- 
palhic  variety  is  conceived  as  being  more  liirectly  the  result  of  an  ii  ' 
matory  process ;  tlie  amuibic  as  more  purely  necrotic :  tie  (onner 
associated  with  polymorphonuclear  infiltration  of  the  liver  tissue,  th* 
latter  characterised  by  the  absence  of  leucocytic  accumulations  dlher ' 
the  necrotic  tissues  or  in  the  capillaries.  These  dietinctiona  arc  n 
absolute,  since  bacteria  often  co-operate  with  amtebse  in  the  production  i>f 
the  dysenteric  abscess. 

The  smallest  visible  amoebic  abscesses,  according  to  I>al!cur,  linv«  t 
diameter  of  from  1  to  5  mm.,  are  spherical  or  ovoid,  and  do  not  umpif 
themselves  completely.  On  section  a  little  glairy,  transluMUt  Huh' 
exudes,  leaving  a  yellowish-grey  spongy  mass  behind.  The  absww 
extends  by  necrosis  and  breaking  down  of  the  liver-cella  around  tbt 
cavity.  Pale  or  yellowish  necrotic  foci  are  often  observed  amund  tl" 
central  vein  of  the  lobiUe.?,  esjiocially  in  the  neighbourhiKxl  of  thf 
abscess,  in  which  the  hepatic  cells  are  found  to  have  uudergoiie  fstty 
degeneration,  but  which  do  not  contain  amnebw. 

The  smallest  idii>pathic  abscesses  l)egin  as  one  or  more  buff  '^ 
yellowish  spots  which  break  down  to  form  an  aliscess,  from  which  the  p» 
issues  freely  on  section,  being  less  viscid  than  in  the  dysenteric  vMiety 
When  formed  by  the  breaking  down  of  one  focus  of  suppuration,''  ** 
rounded  in  form;  when  several  such  foci,  lying  close  together,  uniK,  tlK 
resulting  abscess  is  irregular  in  contour.  In  its  earliest  stiige  no  liniij 
membrane  can  be  distinguished. 

The  walls  of  the  larger  absccssea — idiopathic  and  dysenteric—*'* 
irregular, and  lined  with  a  grey,  i-agged,  shaggy,  or  shreddy  membrane*'' 
granulation -tisaue  undergoing  necrosis  superficially.  Exteniitlly,  th"** 
is  a  zone  of  granulation-tissue  mi.ved  with  degenerated  liver-celli  >■" 
connective-tissue  elements,  which  merges  in  turn  into  a  third  zone  in  «b<^ 
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lective  tissue  is  more  abundant  and  more  developed,  and  the  liver- 
tAT  preserved  but  flattened  by  compression.  In  older  abscesses 
ig  membrane  is  smooth,  and  a  distinct  fibrous  capsule  is  formed 
revents  the  extension  of  the  suppurative  process, 
contents  of  the  abscess  in  both  varieties  may  be  creamy,  but  are 
jquently  of  a  chocolate  colour,  and  viscid  or  watery — the  so-called 
pus.  Microscopically  it  consists  of  fatty  liver -cells,  debris  of 
eucocytes  in  varying  numbers,  red  corpuscles,  and  occasionally 
>f  necrosed  tissue.  Charcot's  crystals  are  often  present  in  the  pus. 
are  present  in  a  varying  proportion  of  cases,  both  of  the  idiopathic 
ebic  foiTOs;  and  active  amoebae  have  been  demonstrated  in  creamy 
18  in  chocolate-coloured  pus. 

)r  Rogers  found  cocci  in  sixteen  out  of  thirty-four  amoebic  abscesses, 
ix  of  these  the  possibility  of  accidental  contamination  could  not 
ded.  Kartulis  found  bacteria  present  in  the  pus  or  abscess-wall 
en  out  of  nineteen  cases  associated  with  amoebic  dysentery,  either 
included  in  amoebae ;  and  Kriise  and  Pasquale  obtained  positive 
Q  five  out  of  six  cases.  The  possibility  that  bacteria  are  always 
at  the  earliest  stage  of  amoebic  abscess  cannot  at  present  be 
l.  Kartulis  cultivated  bacteria  from  eight  out  of  eleven,  and  Kruse 
^uale  from  six  out  of  nine  cases  of  the  idiopathic  variety.  The 
are  most  abundant  in  the  capillaries  between  the  pyogenetic 
tie  and  the  liver  substance,  that  is,  in  the  zone  undergoing 
ration.  Morgenroth  states  that  amoebae  were  often  absent  from 
►Is  of  dysenteric  patients  in  China,  even  in  cases  going  on  to 
ormation,  and  that  the  pus  or  lining  membrane  from  such 
\  most  frequently  contained  streptococci  and  staphylococci, 
ill  be  observed  that  in  a  considerable  number  of  instances  liver 
J  are  sterile.  It  is  probable  that  bacteria  are  present  in  all  cases 
ithic  abscess  at  the  commencement,  but  die  out  at  a  later  stage. 
5  suggests  that  steiile  abscesses  may  be  caused,  not  .by  a  pyogenetic 
I,  but  by  some  chemical  substance  derived  from  the  bowel, 
and  Scheuerlen  have  succeeded  in  producing  aseptic  suppuration 
sntally  by  the  injection  of  cadaverine  and  putrescine;  but  there  is 
nee  that  abscess  of  the  liver  ordinarily  arises  in  this  manner  by 
)rption  of  similar  substances  from  the  intestine.  The  bacteria 
1  in  liver  abscess — dysenteric  or  idiopathic — are  chiefly  staphylo- 
•eptococci,  the  colon  bacillus,  and  the  Bacilltts  pyocyaneus. 
ebae  are  present  in  the  pus  or  abscess-wall  in  the  vast  majority  of 
J  associated  with  amoebic  dysentery.  In  most  of  the  instances  in 
aey  are  absent,  it  may  be  reasonably  assumed  that  they  were 
it  an  earlier  stage.  Amoebae  are  most  abundant  in  the  smaller 
J.  They  are  present  in  the  pyogenetic  membrane,  in  the  walls  of 
B88,  where  they  lie  free  in  the  tissues  or  within  the  capillaries, 
in  thrombi  of  the  portal  vein. 

e  may  still  be  some  doubt  whether  amoeba)  by  themselves,  and 
the  co-operation  of  bacteria, are  capable  of  initiating  the  suppurative 
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lirooesH.  Musgriive  and  Clegg  s  experinienM  are  not  conchlsive,  u  ifaf 
>vere  made  with  amwbu;  grown  in  syiDbiosis  with  bacteria.  Whsn  in(K- 
tion  takes  places  by  the  vena  porCee,  the  anui^bie  getiendlv  oirry  witb 
them  or  itre  followed  by  pyogeiietic  urgaaisms,  which  demonBtr»bly  lake 
iin  actit'e  part  iti  the  formation  of  the  abscess.  It 
that  the  amiubtu  which  reach  the  liver  by  the  way  of  ifae  peritoneain 
arc  in  all  iiisUinces  aceonipunted  by  bacteria.  Be  this  as  it  ouy. 
there  can  be  no  reasonable  doubt  that  alone,  or  associated  with  bacterid 
iimcebie  take  an  active  |>art  both  in  the  initiation  and  ext«tuion  of 
the  dysenteric  abscess.  The  mo<le  in  which  they  act  is  girobnUy  tint 
suggested  by  Coniicilman  and  Laflenr,  viz. ; — tliat  the  Mtluble  produeU  of 
the  amrthse  give  fiau  in  the  first  place  tu  necrosis  of  the  liver-cella,  t 
that  the  sub«ef|neiit  breaking  down  of  the  necrosed  tissue  is  etFecud  by 
their  active  penetrative  and  disintegrating  movements.  (For  the  dMCri[^ 
tinn  of  Amtpbfe,  aee  p.  18,  and  for  theii'  pathogenetic  relation  to  AmffiUc 
Dysentery,  p.  5.10.} 

Pathogrenesls  of  Liver  Abscess. — The  idiopathic  and  dys« 
ivbscessfs  arc  closely  I'elated  etiologically  and  pathologicaUy.  Botk  an 
tropical,  both  affect  the  Kuropean  more  than  the  native,  the  Kiu'opean  n 
more  than  the  Euro|>ean  woman  ;  those  addicted  to  alcohol  more  tl 
abstainers  \  those  subject  to  tropical  malaria  moi-e  than  those  who  era 
the  infection  ;  those  ex^Ktsed  to  fatigues  and  chills  more  than  those  not  miI> 
jected  to  these  intlnences.  Both  varieties  occupy  the  same  sito,  have  ibt 
same  symptoms,  and  present  essentially  the  same  lesions.  The  dysanMX 
abscess,  if  I  may  be  permitted  the  expresttitin,  is  an  idiopathic  on 
which  amuibd!  have  found  an  entrance  and  impressed  Upon  it  c 
peculiai'itiea  of  seconclary  importance.  In  the  idiopathic  variety,  the  a^U 
of  suppuration  are  bacteria;  in  the  dysenteric  abscess,  bacteria  pliu 
amLetue  ;  but  neither  amieba>  nor  bacteria  will  as  a  ndo  give  rise  to  al 
if  the  structure  and  functioiis  of  the  liver  Iw  unimpaired.  In  all,  «f  tf 
least  in  the  vast  majority  of  cases,  the  necessary  antecedent  of  abnMt 
whether  idiopathic  or  dyseiitoiic,  is  an  inadequacy  of  the  liver  to  Mp* 
with  the  work  thrown  upon  it.  Hovr  is  this  hepatic  insufficiency  Ci 
and  why  is  it  a  special  feature  of  tropical  pathology  1 

That  the  constitution  of  the  adult  European  is  imperfectly  ad 
to  the  climatic  conditions  under  which  he  has  to  live  in  the  tropics  i* 
brought  out  in  the  complete  alteration  of  the  (ndrt  of  diMOSe  vhicb 
takes  place  in  a  number  of  adult  Europeans  transferred  10  India.  TV 
admissions  foi'  respiratory  diseases  falls  from  57  to  33,  whil«  tboM 
of  the  digestive  system  increase  from  101  to  142  per  1(100.  More  ^ 
ticnhiriy,  hepatic  afTections,  mostly  congestive,  give  rise  in  India  to  B* 
times,  and  dysentery  to  nearly  ten  times,  the  number  of  admiseioiu  >^ 
they  do  in  England.  This  is  largely  the  pathological  outcome  of  phjl'*' 
logical  changes  resulting  in  constitutions  "  sot  for  cold  "  living  and  worlniS 
under  tropical  conditions.  In  other  words,  a  special  snsceptibUity  of  t^ 
abdominal  viscera  to  noxious  inHuences — chill,  alcohol,  dietetic  e 
fatigue,  and  such  like — is  a  notable  result  of  nil  that  we  inelwle  UHh 


1  clitDftte.  A  chill,  which  at  liomo  givea  rise  to  bronchia]  catarrh, 
s  in  the  tropics  congestion  of  the  liver  or  iiit^stinee.  Alcohol 
|>rudiice5  functional  anil  stnicttiral  disease  of  the  liver  more  rentiily  and 
L-onstantly  in  warm  than  in  temperate  climates.  The  digestion,  again,  is 
weakened ;  and  the  itae  of  a  diet  nnsiiitcd  to  the  climate,  and  in  excess  of 
the  re((Uirement3  of  the  system,  is  a  frequent  cause  of  gaBtro-intestinal 
and  he[>atic  disturbances  which  diminish  the  resistance  of  the  liver  to  patho- 
genetic agi^nta.  But  in  many  tropical  countries  the  European  encounters 
more  spcciSc  causes  of  liver  delorioralion  and  suppuration,  the  most 
important  of  which  Arc  malaria  and  amcebEe ;  and  these  are  all  the 
mure  formidable  on  account  of  the  functional  disturbances  ttnd 
structural  changes  which  thii  bowel  and  liver  have  undergone  from 
climatic  inftuencca.  Malaria  is  I'arely,  indeed,  the  direct  cause  of 
liver  nbecoBS,  but  the  repeated  congestions  of  the  liver  by  which  the 
fever  ia  accompanied  must  be  reckoned  among  the  causes  disposing  to 
the  disease.  Much  more  important,  however,  is  the  part  of  amcfba;  in  the 
causiitiou  of  tropical  absccBs.  The  great  frequency  of  liver  altsuess 
aii  a  complication  oi-  sequel  of  amcebic  dysenWry  is  one  of  the  most 
striking  features  in  its  etiology.  This  is  explained  first  by  tlie  cfl'ects  of 
the  products  of  umojbic  ulcemtion  of  the  targe  intestine  in  giving  rise  to 
degeneration  of  the  organ,  and.  as  a  consequence,  to  impairment  of  its 
functiotiat  activity ;  and  E«condly  by  the  effects  of  these  products,  when 
in  excess  of  the  functional  capacity  of  the  iivei-,  in  exciting  that  form  of 
hc|tatitis  which  so  often  precedes  and  precipitates  suppuration. 

1.  As  a  cause  of  degeneration  of  the  liver  the  toxins  of  amcL-bio 
dysenU-ry  rank  in  the  first  line  along  with  climate  and  alcohol.  In  cases 
of  amtebic  dysentery  Diamond  found  necftsis  of  the  liver-ccUs  in  the 
nei>^'hl>ourhi>od  of  the  central  vein,  evidently  the  result  of  the  dysenteric 
products  absorbed  from  the  bowel.  If  the  subject  of  amcebic  dysentery 
have  been  addicted  to  alcohol,  ail  the  more  certainly  will  the  amoibic  toxins 
break  down  the  resistance  of  the  liver  to  microbic  invasion.  But  even 
if  the  patient  be  of  temperate  hnbits,  these  toxins,  by  themselves,  suffice 
t^i  impair  the  integrity  of  the  liver  and  to  reduce  its  power  of  resistance. 
This  explains  why  abscess  of  the  liver  occurs  occasionally  in  abstainers  as 
a  rttault  of  amcebic  dysentery,  although  rarely  apu't  from  this  condition. 
The  peculiar  danger  of  this  form  of  dysentery  lies  in  its  chronicity.  The 
liver  is  subjected  to  the  long-continued  action  of  toxic  substances,  capable 
of  giving  rise  to  degeneration  even  in  a  previously  healthy  liver. 

2.  Areaa  of  degeneration  thus  established  do  not  necessarily  become 
the  seat  of  lacteiTal  or  amoibic  invasion,  unless  the  degeneration  is  very 
for  advanced.  It  is  here  that  the  effects  of  the  products  of  amcebic 
ulceration  of  the  liowel,  in  giving  rise  to  hepatitis,  come  into  play  aa  a 
determining  cause  of  abscess-foiination.      The  healthy  liver  is,  within 

Piin  limits,  not  only  capable  of  transforming  such  products  and 
ering  them  innocuous,  but  also  of  destroying  the  micro-organisms 
h  may  happen  to  invade  it  (Roger).  When,  on  the  other  hand,  the 
tional   activity  of    the    liver  has   been  seriously    impaired,   and   its 
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physiological  resisting  power  weakened,  it  is  inadequate  for  the  stnm 
if  at  any  time  an  excess  of  toxic  substances  be  thrown  upon  it,  a 
if  the  functional  activity  of  the  organ  be  temporarily  suppressed  o 
depressed  by  a  chill,  by  a  return  to  a  cold  climate,  by  a  debauch,  a 
other  exciting  cause.  In  these  circumstances,  a  hejiatitis  is  lighted  iq 
which  may  pass  off,  or  recur  and  pass  off  again,  but  which,  sooner  oi 
later,  is  apt  to  determine  the  invasion  of  the  degenerated  areas  bi 
amoebae  or  pyogenetic  bacteria. 

About  one-twelfth  only  of  those  suffering  from  amoebic  dysenter}'deTe]<f 
abscess.     Something  more  than  the  presence  of  amoebae  in  the  bowel  i« 
necessary  to  establish  hepatic  suppuration,  otherwise  the  native  wooJd 
not  be  comparatively  immune.     The  state  of  the  liver  itself,  stnictunllj 
and  functionally,  is  an  important  factor  in  determining  whether -or  not 
a  dysentery  shall  end  in  liver  abscess.     I  do  not  say  that  amcebc  cr 
bacteria  never  give  rise  to  abscess  in  a  healthy  liver.     They  seliiom  (fc 
so.      The  liver  must  previously  be  prepared  for  the  reception  of  tb« 
pyogenetic  organisms,  and  its  resistance,  in  many  cases,  is  finally  broktt 
down  by  the  supervention  of  a  hepatitis  resulting  from  the  incapadtj  rf 
the  liver,  at  a  given  moment,  to  deal  with  the  products  and  organisms  tf 
dysentery. 

It  is  remarkable  how  frequently  an  abscess  arises  on  the  suddes 
disappearance  of  dysentery,  or  after  the  disease  is  progressing  to  a  curci* 
shewn  by  the  recurring  headings  of  Kruse  and  Pasquale's  cases,  "Gehdte 
Dysenteric,  Leberabscess."  This  sequence  of  events  is  too  common  to  be 
accidental.  Kelsch  compares  it  to  the  metastasis  of  parotitis  to  tk 
testes.  The  most  probable,  but  not  entirely  satisfactory,  explanation  tf 
this  phenomenon  is,  that  as  Ihe  dysenteric  ulcers  are  undergoing  ca» 
the  toxic  matters,  no  longer  discharged  by  the  bowel,  are  absorbed,  M 
being  too  much  for  the  functional  capacity  of  the  liver,  give  rise  to 
hepatitis  and  abscess.  The  reason  why  bacterial  dysentery  is  so  seMoi 
followed  by  abscess  clearly  is  that^  in  most  cases,  it  runs  an  acute  cow* 
There  is  no  time  for  it  to  set  up  degenerative  and  inflammatory  pro«*» 
— the  toxins  formed  being  rapidly  can'ied  off  by  the  stools. 

The  pathogenesis  of  the  idiopathic  abscess  is  essentially  the  same* 
that  of  the  anioel)ic  variety — impairment  of  nutrition  and  function,  4t 
establishment  of  foci  of  degeneration,  work  in  excess  of  capacity,  inlb* 
mation  terminating  in  the  invasion  of  the  degenerated  areas  by  pyogc«W 
bacteria.  In  short  the  pathogenesis  of  the  tropical  abscess  may  ^ 
expressed  in  the  words  hepatic  in.mjficicncif.  The  difference  in  the  liaMi? 
of  the  Europciin  and  native  soldier  to  abscess  measures  roughly  A" 
influence  of  climate,  alcohol,  food,  and  habits  in  its  causation.  TV* 
factors  combined  increase  the  liability  of  the  European  to  abscess  twenij* 
fold.  The  effect  of  alcohol  l^y  itself  is  measiu*ed  by  the  difference » 
liability  betwc^en  the  European  who  uses  and  he  who  abstains  fn* 
alcohol,  for  which  we  have  no  reliable  figures. 

If  this  conception  of  the  pathogenesis  of  liver  abscess  be  accepted. 
there  will  be  little  difficulty  in  accounting  for  the  etiological  peculiariti* 


the  (liseaae;  its  incidence  on  the  Euroiiean,  on  the  male  eex,  on 
■■•kohoiica;  the  influence  of  age  and  length  of  residence;  ita  greater 
prevalence  in  coimtrios  where  amoibic  dysentery  is  common,  and  ita 
frequent  occurrence  in  patients  who  return  to  temperate  climates  during 
the  winter  season.  I  know  of  nothing  in  the  etiology  or  pathology  of  the 
disease  incomjmtihte  with  this  hypothesis. 

Symptomatology. — Jejite  IfepatUh. — Abaceas  of  the  liver  is  frequently 
described  .is  one  of  the  terminations  of  acute  hepatitis.  The  constitutJorml 
eymptoms  of  hepatitis  are  fever,  a  coated  tongue,  constipation,  scanty  and 
high  •coloured  urine,  gnstric  disturbance,  and,  in  some  cases,  slight 
jaundice.  The  local  symptoms  are  pain,  tenderness,  or  simply  a  feeling 
of  weight,  tension,  or  dragging  in  the  hepatic  region,  usually  increased 
on  pressure.  Pain  in  the  right  shoulder  may  or  may  not  he  present. 
All  enlargement  of  the  liver,  sometimes  very  marketl,  generally  uniform, 
lint  sometimes  i-estricted  to  the  right  lobe,  is  the  only  other  local  sign  of 
tm|iortaiice.  Hepatitis,  thus  clinically  portrayed,  is  not  a  fatal  disease, 
US  86  per  cent  of  the  cases  treated  by  Morehead  ended  in  recovery.  In 
1903,  hepatitis  gave  rise  to  only  3  deaths  out  of  354  adroissiona  in  the 
European  Army  of  India.  It  may  be  safely  affirmed  that  the  vast 
majority  of  the  cases  returned  as  hepatitis  are  febrile  congBstiona  of  the 
liver  due  to  malaria,  or  to  alcoholic  or  dietic  excesses,  which  have  little 
tendency  to  end  in  suppuration,  although  indirectly  they  liiy  the  founda- 
tion of  future  mischief. 

But  a  form  of  hepatitis,  etiologically  more  closely  related  to  liver 
ftbscess,  does  occur.  The  patient  suflers  from  an  attack  characterised  by 
the  symptoms  above  described,  and  often  in  a  severe  form.  In  a  few 
lUys  it  passes  oif,  recurs,  and  again  subsides.  After  several  such  fugitive 
attacks,  the  same  train  of  symptoms  reappears,  not  to  pass  off  as  before, 
liiit  is  now  jiremonitory  of  abscess.  In  most  instances  thia  non-nialariou8 
Impalitis  occurs  in  connexion  with  dysentery  or  diarrhoea — not  necessarily 
^miebic — and  then  it  should  excite  suspicion.  This  foi'm  of  hepatitis  may 
lie  regarded  as  duo  to  the  absorption  of  some  toxin  or  other  product 
of  amcebiB  or  bacteria  from  the  bowel,  and  points  to  the  inadequacy  of 
the  liver  to  deal  with  the  poison.  It  always  imlicates  a  state  of  things 
4wt  miiy  at  any  time  end  in  the  invasion  of  the  liver  by  amtebu.'  or 
f»«ctoria. 

Lirer  v/6srfj«. — A  patient  with  liver  abscess  presents  a  sallow,  muddy 
i""niplexion,  but  is  seldom  distinctly  jaundiced  except  when  the  abscess 
'■"  eo  situated  as  to  cause  compression  of  the  biliary  ducts,  ^^'llen  the 
disuise  is  of  some  standing,  ho  is  emaciated  and  has  a  cachectic  appearance. 
He  differs  from  anorexia  ami  not  infrequently  from  vomiting,  especially 
>f  the  abscess  be  on  the  under  surface  of  the  liver.  There  is  often  a 
Watery  of  dysentery  or  diarrhira,  if  one  or  other  of  these  be  not  actually 
P^Ment  Occasionally  the  patient  is  constipated.  The  urine  in  the 
f^fly  stages  is  scanty,  and  high-coloured  from  urobilin  ;  the  urea  normal 
'1  amount  or  somewhat  in  excess.  When,  at  a  later  stage,  suppuration 
toyed  a  considerable  |wrt  of  the  parenchyma  of  the  organ  the 


excretion  of  urea  is  notably  diminished.  Albumin  in  small  lUnoo 
occ&sionall}'  present.  The  more  distinctive  features,  however,  cf  al 
are  fever,  pain,  and  enlargement  followed  by  n  train  of  pbenometk 
secondary  to  suppuralion — hectic  fever,  profuse  night-swcate  nccu 
during  sleep,  diarrhtea,  and  veiy  occasionally  delitium.  It  nr^j 
huppena  that  all  the  symptoms,  primary  and  secondarj',  are  absent.  Inn 
in  making  autopsies  one  comes,  now  and  again,  quite  unexpectedly  Upon 
an  abscess  which  had  not  betrayed  its  presence  during  life.  It  is 
coses  in  which  the  abscess  inns  h  chronic  course  that  the  symptonw  i 
obscure.  The  evolution  of  livei'  abscess  is  so  irregular  that  it  is  impOBnU* 
to  delineate  the  disease  in  such  n  way  as  to  shew  the  varj'ing  suco 
in  which  the  phenomena  develop.  I  shall  content  myself,  therefore,  iriA 
a  review  of  the  individual  symptoms,  indicating,  nl  the  same  tilBC^  (In 
way  in  whioli  they  are  usually  found  to  be  associated. 

Fever. — In  a  large  number  of  cases,  fever,  with  or  withoat  ligaa 
the  initial  symptom  and  is  accompanied  by  pain  in  the  region  pt 
liver,  aud  followed  after  a  varying  interval  by  eulai^remeat     Tlie  ft 
may  at  firet  be  continual  or  remittent,  but  when  suppumcioD  is  m 
lishod,  it  assumes  an  irregular  (|Uotidian  type,  with  evening  cxac«rbstio«, 
followed  by  profuse  night-sweats.     The  fever  may  subside  uui  nutit 
■luring  the  progress  of  the  disease.     In  a  few  cases  hepatic  Abaoess  m^ui 
its  appearance  quite  suddenly  with  severe  rigors,  high  fever,  and  urgW 
vomiting,  with  nothing  to  direct  attention  to  the  liver,  and  may  readrh 
be  mistaken  for  an  attack  of  malarious  bilious  remitt«nt  fever.    It  is  nn 
that  liver  abscess  runs  an  afebrile  course  throughout,  but  iiiiitances  of  ti» 
kind  apparently  do  occur.     Pel  records  the  case  of  a  man  who  develop"! 
symptoms  of  Hver  abscess,  for  the  first  time,  eleven  years  after  his  retuff 
from  the  East.     The  liver  was  enormously  enlarged,  and  on  opeialiMi 
gave  issue   to  a  great  quantity  of  pus,  but  the  patient's  tinnpennn) 
continued  subnormal  throughout,  and  only  rose  to  normal  after  evacuawa 
of  the  pus. 

Paiv  is  practically  always  present  at  some  stage  in  the  progreH  of 
hepatic  abscess,  although  very  variable  in  degree  and  character,  tf  in 
onset  is  sudden  and  severe,  it  will  lie  accompanied  by  fever ;  (itllor*tK 
it  may  persist  for  weeks  without  much  rise  in  the  temperature.  Mow 
frequently  a  sense  of  weight,  tension,  aching,  or  dragging  is  comphuM^ 
of,  rather  than  acute  pain,  but  when  suppuration  takes  jilace  it  Dl*f 
assume  a  distinctly  throbbing  character;  or  the  jiain  may  nihsidi 
When  the  serous  caiisule  is  involved  the  pain  is  of  a  slabbing  kinii.  m 
wherever  situated,  is  frequently  increased  on  deep  inspimtinn,  palpsliM 
percussion,  or  succussion.  When  the  abscess  is  situated  in  tlie  p^ 
lobe,  pain  in  the  right  shouldi-r  and  the  region  of  the  scapula  is  piWi* 
according  to  Sullivan,  in  one-sixth  of  the  cases.  Pain  in  the  left  shool^ 
is  oi:casi(innIly  complained  of  when  the  left  lo)>e  is  the  seat  of  tha  abiR* 
These  sympathetic  pains  are  not,  however,  distinctive  of  JibecwB,  a>  iW 
are  met  with  in  hepatitis, 

Enlargftneitt  is  one  of  the  most  distinctive,  though  not  one  of  ■■* 


urlient  signs.  When  the  diseaBs  ha*  made  Bome  progresB,  enlargement 
will  be  recogniaed  by  inspection,  palpation,  or  pcrciiEsion.  An  onlurge- 
nient  of  the  right  hypochoiiilrium,  a.  protnision  of  the  ribs,  a  widening  of 
the  intercostal  spaces,  a  circumscribed  bulging  of  the  right  costal  wall, 
jt  swelling  under  the  right  costal  arch  or  in  the  epigitBtriiim  may  be 
visible  on  simple  inspection.  It  is  well  to  remember,  however,  thiit 
enormous  collections  of  piis  may  be  present  in  the  liver  without  causing 
biJging.  (Edema  or  re<lness  of  the  skin  is  observed  only  when  the 
abscess  iipproaches  the  surface.  Palpation  not  iiifre(|uewl]y  reveals 
downward  enlargement  of  the  organ.  Unless  the  abscess  is  small  und 
deeply  seated,  an  extension  of  the  are^i  of  hejiatic  dnlncss  in  some  direction 
will  l>e  made  oiit  on  percussion.  As  the  aliscess  ia  generally  situated 
ill  the  npper  part  of  the  right  lobe  it  is  in  this  direction  that  an  extension 
of  the  tine  of  diilncss  is  to  be  looked  for,  and  this  is,  itt  fact,  one  of 
the  commonest  signs  of  enlargement.  When  the  abscess  has  made  some 
progress,  the  upper  boundary  of  the  dulness  will  be  found  to  be 
convex. 

Tenderness. — I^ocnlised  tenderness  of  the  liver  on  deep  palpation  is  a 
very  valuable  sign  not  only  of  the  existence  but  of  the  position  of  the 
abscess.  Tlio  whole  liver  region  shonld  be  carefully  explored  with  the 
point  of  the  finger  pressed  into  the  intercoatiil  spaces  when  an  aliscess 
is  suspected.  Fluctvation  is  only  to  be  made  out  when  the  abscess  is  near 
the  surface.  Jtiffi/iti/  of  the  rectus  abdmitnu  mvsfle  is  often  present,  but 
is  not  a  sign  of  mnch  diagnostic  value. 

Dembitus. — The  patient  is  seldom  able  to  lie  on  either  side  without 
pain.  He  generally  finds  most  ease  by  lying  on  bis  back,  with  his 
■boulders  raised,  and  his  1;nees  flexed,  but  tbe  decubitus  is  variable. 

Symptoms  amneclrd  loiih  lAin</  ami  P/fum. ^Patients  snffeiing  from 
liver  abscess  often  seek  advice  for  symptoms  referable  to  the  chest, 
They  complain  of  a  dry  hacking  cough  dependent  on  irritation  of  the 
diaphragmatic  pleura,  or  of  oppression  or  dyspnoea  from  the  bulging 
iipwai'ds  of  the  diaj.hi'agm.      The  breathing   is   shallow,  thoiiicic,  and 

ilerated.  Symptoms  of  basal  pneumonia  may  be  present  before 
iptiire  of  the  abscess  into  the  lung  has  taken  place.  The  pneumonia  in 
cases  is  nsiially  of  a  subacute  type,  with  signs  of  consolidution, 
crepitant  nlles  on  inspiration.  When  ruptiu'e  occurs,  the  character 
nf  the  Bpiuum  is  quite  distinctive.  The  plrura,  also,  is  occasionally 
iiivade<I  by  infection  through  the  diaphragm  before  nipture.  Friction, 
and  the  symptoms  and  signs  of  a  serous  or  purulent  effusion  into  the 
pleural  sac,  indicate  this  complication.  Cerebral  abscess  is  occasionally 
bet  with  as  a  com|>1ication  of  liver  abscess  j  but  amceixe  are  nob  found  in 
Hb  pus  of  these  abscesses. 

f  Sftapioms  eimiieded  with  the  Spontanemis  H'lpture  of  mi  Abacfes. — When 
the  oonients  of  an  aliscess  hurst  into  tlie  (leritoneal  cavity,  symptoms  of 
acute  peritonitis  speedily  ensne.  Pain  in  the  region  of  the  heart,  a  sense 
of  Buflbcation,  and  the  physical  signs  of  pericardial  effusion  indicate 
pTUpture  into  the  pericardium.     When  the  abscess  bursts  into  the  right 
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pleura,  piiiti,  dyspncai,  finii  the  signs  of  pleuiitjc  effusion  or 
are  present.  If  it  burst  into  the  lung,  the  auilden  expector«tioa  o(  a 
brick-i'ed  purifonn  matter  will  be  observed,  eometimes  ijnged  with  Wlf, 
preceded  and  accompanied  by  the  physical  signs  of  pneumonia  of  da 
base.  The  spiittim  after  a  few  days  assumes  a  chocolate  colour  and  mai 
contain  amcBbee.  Rupture  of  the  abscess  into  the  stomach  ia  often 
preceded  by  gastric  pain  or  irritation,  and  is  declared  by  piirulimt 
vomiting,  or  the  pus,  more  or  less  changed,  may  pass  off  by  the  boweb. 
In  the  case  of  nipture  into  the  colon,  pus  will  be  delected  in  the  MooK 
coinciding  with  a  subsidence  of  the  tumour.  The  opening  of  the  afaKCB 
into  the  pelvis  of  the  right  kidney  will  be  known  by  the  discharge  of  pne 
by  the  urethra.  Rupture  into  the  vena  port<e,  the  hepatic  veins  and  tin 
vena  cava  are  seldom  recognised  duriTig  life.  Cyr  (7)  gives  the  follon- 
jng  as  the  situtitions  of  rupture  in  159  cases: — Lung,  59  :  plenra,  31; 
pericai-dium,  1  ;  peritoneum,  39;  stomach,  8 ;  intestines,  IS;  kidney,  3; 
inferior  vena  cava,  3 ;  bile  passages,  4  ;  externally,  2.  Perforation  nu)' 
take  iilace  in  more  than  one  situation  in  the  same  case. 

Duration. — The  course  of  liver  abscess  is  usually  proloogeti  over 
several  weeks  or  months  ;  sometimes  it  is  qnite  chronic  ;  but  instancxw  va 
occasionally  observed  in  which  the  disease  proves  fatal  within  a  week  « 
two.  A  ciise  is  recorded  by  Kelsch  and  Kiener  of  a  patient  wito  W 
been  ailing  for  a  few  days  only,  and  died  six  days  after  his  admiHiim 
into  hospital.  The  mean  duration  of  ten  fatal  coses  complicated  will 
dysentery,  in  which  the  time  from  the  first  appearance  of  hepMic 
symptoms  could  be  fairly  well  ascertained,  was  nineteen  weeks;  wid  in 
sixteen  cases  of  idiopathic  abscess  it  was  seven  weeks.  Abecces  ooCMIon- 
ally  manifests  iteelf  for  the  first  time  in  a  pdrson  who  has  previoutlf 
had  djraentery  from  five  to  twenty  years  after  his  return  to  tempeml* 
climates.  The  pus  in  these  cases  is  usually  sterile,  and  their  Hinirliic 
origin  ia  doubtful.  Jossenind  records  a  case  in  which  an  abscrss,  occur- 
ring several  years  after  the  patient  liad  left  the  tropics,  was  apiiorentl)' 
caused  by  a  latent  dysenteric  lesion  in  the  intestine. 

Diagnosis. — Jhjdalid  Ct/sls  are  distinguished  from  liver  abscea  ^ 
their  slow  and  painless  growth,  and  moreover  by  not  presenting  tbe  «•!■ 
stitutional  symptoms  proper  to  liver  abscess.  A  suppurating  hydatid  «iU 
generally  lie  recognised  by  a  history  pointing  to  it«  commencement  m> 
painless,  slowly  enlarging  tumour.  Should  any  doubt  exist,  nn  explunUiIT 
punctine  must  be  resorted  to,  the  discovery  of  hookleU  iti  the  pus  hang 
decisive.  An  inflamed  and  dUtmded  gall-linddfr  will  be  disiinguiehw 
from  an  abscess  of  the  liver  by  its  pear-shaped  form  and  mobility,  si" 
by  the  rule  that  it  scarcely  ever  contracts  adhesions  to  the  abdomins* 
wall  or  gives  rise  to  infliimniatory  iKlema  of  the  overlying  tissues.  '" 
many  cases  there  will  bo  a  history  of  biliary  colic,  and  the  tnmnnr  villl'^ 
found  to  have  been  soft  from  the  commencement  PylfplMilie  aiaeOf^ 
are  traceable  to  some  focus  of  suppuration  in  the  portal  area.  A 
uniform,  tender  enlargement  of  the  liver,  the  acute  course  of  the  nialwil/' 
the  rapid  development  of  grave  constitutional  Bym|)tomB,  enlnrgeipgM^ 
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n,  and  the  presence  of  jaundice  are  significant  symptoms. 
fever  may  be  definitely  excluded  if  on  examination  of  the  blood 
ce  of  the  malarial  parasite  and  the  presence  of  a  polymorpho- 
mcocytosis  are  established.  Although  a  leucocytosis  is  common 
Jther  diseases  its  presence  in  an  obscure  affection  of  the  liver  is  in 
abscess.  Quartan  or  tertian  periodicity  of  fever  is  characteristic 
a;  the  failure  of  quinine  to  arrest  an  irregular  intermittent 
nts  to  abscess.  Serious  difficulty  can  scarcely  arise  in  dis- 
g  a  deep  iibsc^ss  of  the  abdominal  uhiU  from  one  of  the  liver.  A 
broduced  into  the  cavity  of  the  abscess  will  remain  motionless 
spiration  if  the  abscess  be  in  the  abdominal  wall,  but  will  follow 
atory  movements  if  it  be  seated  in  the  liver, 
listory  of  the  case  with  reference  to  tropical  residence  or  a 
dysentery  will  always  be  very  helpful.  No  lapse  of  time 
the  possibility  of  abscess  in  the  case  of  a  person  who  has 
'  suflfered  from  dysentery  contracted  in  the  tropics.  In  all 
»ses  exploratory  puncture  of  the  liver  should  be  resorted  to. 
^rays  have  proved  of  value  in  the  diagnosis  of  some  doubtful 
elsch  and  Nimier  report  two  instances  in  which  the  diagnosis 
rmed  by  the  discovery  by  radioscopy  of  the  immobility  and 
isplacement  of  the  diaphragm,  the  obliteration  of  the  costo- 
latic  sinus,  and  certain  appearances  which  were  interpreted  as 
ion  of  the  lung  around  the  point  where  rupture  was  about  to 
'. 

iOSis. — The  prognosis  of  liver  abscess  must  always  be  guarded. 
22  admissions  in  the  army  of  India  for  the  three  years  1901-3 
than  286  of  the  patients  died,  and  a  considerable  number  were 

who  doubtless  increased  the  death-roll.  The  coexistence  of 
sentery,  a  history  of  alcoholism,  a  cachectic,  broken-down  state 
istitution,  and,  above  all,  a  plurality  of  abscesses,  which  cannot, 

be   detected  before    operation,   increase    the    gravity   of    the 

The  most  favourable  positions  for  spontaneous  rupture  of 

s  are  the  lung  and  colon.     Kupture  into  the  pericardium  is 

fatal,  and  the  record  of  a  solitary  case  of  recovery  after  the 
f  a  liver  abscess  into  the  general  peritoneal  cavity  serves  only 
dse'the  fatal  nature  of  this  accident. 

lylaxis. — Liver  abscess  should  be  looked  upon  as  a  preventable 
The  death-rate  in  the  European  army  of  India,  which  in  the 
1  1870-79  stood  at  219  per  1000,  fell  to  1*24  for  the  period 
0.  This  marked  decrease  is  to  be  ascribed  to  improved  sani- 
>re  spacious  and  better  ventilated  barracks,  and  the  spread  of 

habits  among  the  men.  The  idiopathic  abscess,  in  particular, 
>  have  become  less  frequent.     As  a  very  large  proportion  of  the 

met  with  are  consequent  on  amoebic  dysentery  the  importance 
iting  the  amcubic  infection  is  obvious.  With  this  object, 
should  be  directed  especially  to  the  purity  of  the  water-supply 
16   vegetables  and  fruits    consumed    in    the   raw   state.     The 
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Other  points  enumerated  under  prophylaxis  in   the  article  on  amufttie 
dysentery  {v'uh  p.  540)  should  not  be  overlooked. 

Ardent  spirits,  in  any  form,  should  be  shunned  l)y  those  who  viA 
to  enjoy  good  health  and  length  of  days  in  the  tropics.  £xcess  in  fooi 
especially  in  animal  food,  is  hurtful ;  and  rich  sauces,  hot  curriea,  ind 
pastry  should  be  avoided.  In  advising  the  European,  however,  as  to  in 
diet,  the  habits,  tastes,  and  pecidiarities  of  the  individual  should  nol  be 
ignored.  Some  find  themselves  better  on  a  diet  chiefly  animal,  and  Ian 
difficulty  in  digesting  a  vegetable  diet  in  amount  sufficient  for  their 
nourishment.  In  some  cases  the  lighter  wines,  taken  in  raoderation  ud 
along  with  food,  are  almost  necessary  as  an  aid  to  digestion.  Needlm 
exposure  to  heat  and  fatigue,  and  to  chills  after  being  heated,  is  to  bt 
avoided.  Exercise,  always  short  of  exhaustion,  should  be  taken  regniarij 
and  at  proper  hours. 

In  attacks  of  hepatic  congestion  in  connexion  with  malaria  (be 
prevention  of  reinfection  as  well  as  the  treatment  of  the  attack  is  to  l» 
aimed  at. 

Attention  to  thfe  state  of  the  l^owels  with  reference  to  the  functioRs 
of  the  liver  is  of  more  importance  than  is  generally  supposed.     Consiija- 
tion  and  looseness,  if  habitual,  shew  that  something  is  sufficiently  wrong 
to  call  for  other  treatment  than   the  routine  purgative   or  astringent 
Hepatitis  in  connexion  with  dysentery,  or  simple  diarrh<«a  of  a  recunttt 
or  persistent  kind,  is  a  sign  of  danger  even  though  the  bowel  symptoei 
are  so  mild  as  not  to  prevent  the  patient  from  following  his  usual  emploT- 
ment.     Our  first  object,    in  these  cases,  is    the   cure  of    the  inte^ 
affection ;  but    the    hepatic   symptoms   should    not  be   neglected.    Tfc« 
patient  is  to  be  kept  in  bed,  his  diet  restricted  to  milk  or  some  wU 
substitute,  and  a  few  doses  of  ipecacuanha  or  salines,  or  both,  are  to  be 
given.     An  occasional  dose  of  blue  pill  or  calomel  is  often  followed  Iff* 
relief  of   the  hepatic  symptoms  and  a  general  sense  of  well-being  • 
marked    as    to    be   gratefully   acknowledged    by   the    patient      Vk* 
symptoms  of  hepatitis  supervene  on  the  cessation  of  the  dysentwiclto 
the  free  administration  of  salines  is  indicated. 

In  many  instances  in  which  hepatitis,  with  fever,  enlargement  >» 
tenderness  of  the  liver,  and  shoulder  pains,  has  pointed  to  supfW^ 
tion,  the  most  marked  relief  has  followed  repeated  punctures  of  tke 
organ  by  an  exploratory  trocar  in  search  of  pus.  The  symptoms  b** 
promptly  disappeared  and  tht^  formation  of  an  abscess  has  appar»|v 
been  prevented.  Mr.  Cantlie  says  that  his  experience  has  taught  ki« 
"that  the  abstraction  of  ])lood  from  an  inflamed  liver  is  the  readiest wf 
of  relieving  hepatitis."  He  recommends  that  6  to  10  ounces  be  ^ 
drawn  in  this  way.  There  is  very  little  risk  in  piuicturing  the  livw  " 
the  large  vessels  be  avoided.  This  method  of  depletion  by  an  aspii*^ 
is  deserving  of  trial,  not  only  as  a  diagnostic  procediu^e  when  po*^* 
suspected  but  as  a  therapeutic  measure  in  severe  hepatitis,  in  ordff^^ 
avert  thi-eatened  suppuration. 

When   the  acute  symptoms  have  passed  or  moderated,  chloride   vn 
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umntonium  should  be  given  in  fifteen  to  twenty-grain  doses,  three  or  foui' 
times  daily,  ami  persisted  in  for  a  considerable  timt;.  The  action  of  the 
iHiwela  must  be  regulated  by  cascara,  a  combination  of  euonymin  and 
rhubarb,  or  an  alkaline  saline,  as  the  special  features  of  the  rase  may 
suj^st.  If  [Miin  in  the  region  of  the  liver  [ffirsist,  repeated  applications 
iif  liquor  ept^pKSticus  over  the  seat  of  the  pain  will  often  give  relief. 
I'.iu,  above  all,  the  habits  of  the  patient  as  regards  food,  drink,  and 
ixercise  shoiikl  be  regulated.  If,  notwithstanding  these  measures,  the 
hepatic  symptoms  persist,  »  change  to  a  temperate  climate  shonld  lie 
[■•.■e-omniended.  Such  a  change  should  never  be  made  in  winter,  nnlosa 
iinitvoidabje ;  in  which  case  the  utmost  precautions  should  be  inculcated 
l<i  prevent  a  chill.  When  abscess  has  formed,  ite  treatment  belongs  to 
the  domain  of  surgery.  The  earlier  the  exiateiice  of  an  abscess  is 
aaierlainod,  the  greater  will  be  the  prospect  of  successful  surgical  treat- 
ment. This  consideration  is  an  additional  reason  foi'  resorting  t^ 
puncture  in  hepatic  inttamnuktion. 

Andiiew  Davidson. 
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By  Ahdrkw  Davmwcjs,  M.D.,  F.B.C.P.EK. 

Definitinn, — Pouoa  {Uoyin,  paiti)  is  a  disease  of  infancy  and  cWldhood, 
endemic  in  the  Greek  inlands  of  Speitzia  and  Hydra,  characienwd  bj 
fever,  enlargement  of  the  spleen,  Cfiehexia,  and  hfemoi-rhages. 

Circumstances  and  Antecedents  of  Ponos.— ^Sporadic  cusos  of  aiurnw 
with  onkrgument  of  the  spleen,  known  as  splenoslonuichon,  are  met  villi 
in  several  parts  of  the  mainland  of  Greece,  and,  like  the  tplenic 
aniemiaa  of  infancy  elsewhere,  are  generally  associated  with  ricki'ts,  eoa 
geuibd  syphilis,  or  malaria.  The  most  striking  peculiarities  of  that  furm 
of  splenic  anemia  distinguished  as  ponos  are  it«  restriction  M  m 
endemic  prevalence  in  the  two  small  islands  of  Speszia  and  U;dia,  in 
sudden  and  comparatively  recent  appearance,  and  its  great  fatality. 
There  is  nothing  in  the  physical  features  or  geological  formation  of  iW 
islands  to  explain  ita  endemicity.  Hydra  is  an  elevated,  rocky  isUwl 
situated  a  few  miles  off  the  coast  of  Argolis  in  the  Peloponnesus,  abmii 
1 1  miles  in  length  and  fi-om  2  to  4  in  breadth,  with  a  dry,  barren,  "ml 
calcareous  soil,  Spezzia,  near  to  Hydra,  is  about  6|  square  m&»  m 
extent,  equally  dry,  but  of  volcanic  origin.  From  the  want  ot  SOW 
and  underground  water  the  inhabitants  have  to  depend  for  drinkiiij 
and  all  domestic  purposes  mainly  on  I'ain  -  water  stored  iu  ciitetu 
This  obviously  increases  the  I'isk  of  the  spread  of  infections  or^uunni- 
Tbe  population  of  Hydra,  which  before  the  year  1830  numbered  aS.ClO. 
is  now  reduced  to  7000,  and  that  of  S[)e7Kia  is  somewhat  less.  TV 
population  of  both  islands  has  been  decreasing  of  late  yean,  in^ 
Diamantopoulos  of  Spezzia  believes  that  this  decrease,  which  has  liid  U* 
an  improvement  of  the  circumstances  of  those  that  remain,  has  had 
thing  to  do  with  the  diminishing  prevalence  of  ponos.  The  inhabiant* 
generally  are  poor  and  their  houses  insanitary.  Their  diet  consists  " 
the  most  part  of  cereals  and  vegetables.  Malaria  is  entirely  al« 
Tuberculosis  in  its  different  forms  is  the  prevailing  disease,  phthisis  lieioj 
particularly  common  among  the  women.  Syphilis  is  somewhat  frfquMif"^ 
among  the  seafaring  part  of  the  population,  but  not  apparently  non  ^ 
than  among  the  same  class  in  other  countries.  Rickets,  according  **• 
Stephanos  (S),  is  rare  in  Greece,  but  among  the  few  places  in  which  it  >* 
more  frequently  seen  he  mentions  the  islands  of  Theni,  Hydra,  *>>'' 
Spezzia.  This  may  be  taken  as  evidence  of  the  greater  prevalence  ii* 
these  islan<le  of  conditions  unfavourable  to  infant  life  —  insanitw?' 
dwellings,  defective  nourishment,  possibly  an  impure  water-supply;  w" 
these  fai;tors  cannot  he  altogether  foreign  to  the  etiology  of  [wnos.  A' 
the  same  time  it  must  be  remarked  that  as  {jonos  is  unknown  in  W 
island   of  Thera,  where  rickeU  is  common,  some  other  factor  '  ~'~^ 
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3e  concerned  in  the  evolution  of  rickets — something  more  specific — 
5t  be  in  operation  in  the  islands  of  Spezzia  and  Hydra. 
The  first  notice  of  ponos  in  medical  literature  was  in  the  year 
5,  when  Roeser  drew  the  attention  of  the  Medical  Society  of  Athens 
lie  extreme  frequency  of  enlargement  of  the  spleen  and  anaemia  in 
iren  in  Hydra  and  Spezzia,  and  suggested  that  it  might  be  due  to  the 
of  cistern-water.  In  the  following  year  Fontana  of  Spezzia,  while 
miing  Roeser's  statement  regarding  its  prevalence,  pointed  out  the 
rkable  fact  that  ponos  had  only  made  its  appearance  in  these 
Is  within  the  previous  three  years.  Practising  as  he  did  in  Spezzia, 
Jcent  appearance  must  have  been  within  his  personal  knowledge, 
10  one  has  claimed  for  it  an  earlier  origin.  While  it  is  quite  con- 
l>le,  and  not  at  all  improbable,  that  cases  of  the  same  kind  may 

occurred  sporadically  for  years  before  without  attracting  attention, 
*Tmth  remains  that  a  fatal  disease,  falling  exclusively  on  infancy  and 

childhood,  emerged  in  a  particular  year  into  recognition,  and  rapidly 
laed  quasi-epidemic  prevalence. 

ioeser*8  suggestion  that  ponos  was  due  to  the  use  of  cistern-water 
made  in  ignorance  of  its  history.  The  water-supply  was  then  what 
wi  always  been,  and  what  it  is  in  islands  where  ponos  is  unknown  ; 
I  on  the  assumption  that  the  disease  is  caused  by  a  micro-organism,  a 
«r-8upply  of  this  kind  may  not  have  been  irrelevant  to  its  spread  and 
Bistence.  Another  circumstance  may  have  contributed  to  the  almost 
demic  diffusion  of  the  disease  at  this  particular  time.  The  inhabitants 
t^hese  islands,  esteemed  the  richest  in  the  archipelago  before  the  Greek 
IT  of  Independence,  were  suddenly  reduced  to  poverty  after  1830  by 

transference  of  their  trade  to  Syra,     In  the  years  immediately  follow- 

this  reverse  in  their  prosperity  there  was  much  chronic  misery, 
amounting  to  actual  famine,*which  would  tell  adversely  on  the  health 
the  infant  part  of  the  population,  disposing  it  to  any  infection  that 
ht  happen  to  be  about  The  coincidence  in  time  and  place  is  at  least 
lificant.  It  was  while  the  distress  was  at  its  height,  and  in  the 
lities  to  which  it  was  limited,  that  a  new  disease  of  infancy  made  its 
earance. 

Since  its  first  recognition  ponos  has  undergone  considerable  fluctuations, 
ne  time  declining  so  as  to  raise  hopes  of  its  extinction,  then  increasing 
in  in  prevalence.  The  causes  of  these  fluctuations  have  not  been  closely 
wtdgated,  but  are  possibly  related  to  the  varying  economic  circum- 
ICC8  of  the  islanders.  In  the  year  1881,  when  the  disease  was  at  an 
t,  the  cases  were  estimated  at  3*3  per  1000  of  the  inhabit-ants  of  Spezzia 
I  2  per  1 000  in  Hydra.  These  figures  work  out  to  a  high  proportion 
the  children  under  three  years — the  age  -  period  to  which  ponos  is 
Mtically  confined.  Assuming  that  the  deaths  from  ponos  fall  on  one- 
^th  of  the  total  population,  we  have  a  mortality  from  this  cause  of 
**per  1000  in  Spezzia  and  of  16  per  1000  in  Hydra.  The  mortality 
Bn  allied  forms  of  infantile  splenic  anaemia  in  other  countries  does  not 
tainly  exceed  1  per  1000  of  the  same  age,  and  is  probably  much  less. 
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If  it  be  }yoT\\e  in  mind  that  the  figures  given  refer  to  a  period  whentbe 
disease  had  declined  in  frec|uency,  wo  may  conceive  how  fatal  it  miirt 
have  iHieii  when  it  was  at  its  maximum.  We  know  nothing  of  »ny 
similar  type  of  diseiise  being  other  than  strictly  sporadic. 

S'MTCf^s  of  Infonnaiwii. — Occasional  references  to  }X>nos  are  met  wilk 
in  the  Greek  press  from  1835  to  1877,  when  the  first  systematic  dcfio^ 
tion  of  the  disaise,  by  Jeanakopoulos,  appeared.  This  was  followed  liy 
the  accounts  of  Karamitsas  and  Stephanos  (9)  in  the  French  medial 
journals,  these  forming  the  basis  of  all  that  has  since  appeared  on  tb 
subject.  Through  the  courtesy  of  Drs.  Thomopoulos  of  Athens  ami 
Diamantopoulos  of  Spezzia  I  have  been  able  to  obtain  a  few  addidool 
data  bearing  on  its  etiology  and  clinical  features,  but  unfortunatdr 
adding  little  to  our  scanty  knowledge  of  the  morbid  anatomy  or  of  tk 
condition  of  the  blood  in  ponos.  The  isolated  position  of  the  isbuxii» 
remote  from  the  centres  of  medical  activity,  the  objections  of  the  pareoli 
to  have  their  children  treated  in  hospital,  and  the  insuperable  obetadei 
in  the  way  of  jmM-mortc.m  examination  explain  the  backward  state  (rf  oiT 
knowledge  of  the  pathology  of  the  disease. 

Etiologrieal  Features. — Ponos  makes  its  appearance  after  the  eniptka 
of  the  first  incisors,  and  is  most  frequent  from  the  eighth  month  to  tb 
end  of  the  second  year.  Exceptionally,  cases  develop  as  late  as  tkf 
third  or  fourth  year.  Its  age-period  is  thus  different  from  that  of  tb 
splenic  anaemia  associated  with  congenital  syphilis,  which  falls  chiefly  <ii 
the  first  six  months  of  life.  Although  hand-fed  children  are  most  liable 
to  sutfer,  tliose  brought  up  on  the  brejist  do  not  escape.  The  chUdrti 
of  tuberculous  ()arents  are  thought  to  be  specially  subject  to  ponos,  tf' 
several  members  of  such  families  are  not  unfrequently  attacked  ii 
succession.  This  has  given  rise  to  the  belief  that  the  disease  is  tabcr 
eulous  and  herediUirv.  It  is  seldom  foflnd,  however,  that  the  patient  il  i 
actually  the  subject  of  tuberculosis,  but  it  has  l>een  remarked  that  loai 
who  have  recovered  from  ponos  have  ultimately  succumbed  to  phtJiii^ 
Pott's  disease,  or  tuberculous  arthritis.  Children  convalcsciDg  fromaflrtf 
febrile  diseases,  those  imrsed  by  cachectic  mothers,  those  who  have  btf« 
suckled  too  long  without  the  supplement  of  other  nourishments  or  li»'» 
been  brought  up  on  improper  food,  furnish  the  greater  number  of  vicW 
to  the  disease ;  but  ponos  nevertheless  occasionally  attacks  hetltif 
infants  of  lobust  parents  who  have  all  along  been  properly  noiiriiW 
Ponos  may  be  associated  with  rickets ;  but,  as  a  rule,  no  trace  of  ricb* 
can  be  observed.  Although  no  social  class  is  exempt,  the  children  rf  ^ 
poor  are  most  liable  to  suffer.  Boys  are  somewhat  more  subject  to  ^ 
than  girls.  Season  has  no  appreciable  influence  on  its  prevalence.  6* 
obsei-ved  that  the  families  of  Spezziotes  and  Hydriotes  who  mip»^^ 
the  mainland  do  not  manifest  the  disease.  Some  5000  natives  of  ^ 
islands,  according  to  Xanthos,  have  established  themselves  at  the  Pi** 
but  no  <"ase  of  ponos  has  been  observed  among  them.  On  the  <^ 
hand,  it  is  stated  by  Jeanakopoulos  that  children  of  natives  of  UifiB** 
land  born  in  Hydra  or  Spezzia  may  contract  the  disease. 
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Anatomy. — The   viscera  in  one  case  of   the  disease  were 

>y  Cornil,  who  found  no  evidence  of  leuksemia,  tuberculosis, 

The  spleen  was  enlarged  and  firm,  the  capsule  dense  and 

the  trabeculse  thickened.  There  was  no  notable  pigmenta- 
iny  abnoi-mal  accumulation  of  leucocytes.  The  abdominal 
glands    were   generally   normal,   but  a  few   were   somewhat 

There  was  commencing  cirrhosis  of  the  liver,  the  child 
n  large  quantities  of  brandy  during  its  illness.  The  kidneys 
sted.  There  were  signs  of  chronic  congestion  and  inflamma- 
5  right  lung,  with  necrosis  of  the  first  rib.  The  bronchial 
e  normal  or  slightly  enlarged.  In  an  autopsy  perfoi-med 
ponlos  the  spleen  presented  similar  appearances  to  those 
y  Cornil.     The  state  of  the  other  organs  in  this  case  is  not 

3S  of  Ponos.-  Cases  of  anaemia  with  enlargement  of  the 
met  with  sporadically  in  infants  and  young  children  in  all 

Possibly  more  than  one  disease  is  included  under  the  name 
splenic  anaemia,  but  clinically  they  all  present  very  much  the 
res.  Irregular  evening  fever,  pallor  of  the  skin,  and  a 
eveloping  cachexia  are  symptoms  common  to  all.  Petechial 
epistaxis,  bleeding  from  tlie  gums,  or  some  otlier  form  of 
B  is  observed  in  more  than  half  the  cases.  There  is  alwavs 
lerable  enlargement  of  the  spleen.     In  the  majority  of  cases 

moderately  enlarged.  The  lymphatic  glands,  if  involved  at 
0  a  trifling  extent.  Examination  of  the  blood  in  these  cases 
(Crease  of  the  red  corpuscles  and  haemoglobin,  more  or  less 
>is,  the  presence  of  nucleated  red  cells,  and  a  few  myelocytes, 
majority  of  cases  there  is  a  leucocytosis  with  a  relative  increase 
p'tes  which  shew  a  well-marked  polymorphism.  The  disease  is 
ated  with  congenital  syphilis,  still  more  frequently  with  rickets, 
nic  course,  and  terminates  fatallv  in  more  than  half  the  number 

3  evidently  a  great  similarity  as  regards  symptoms  and  course 
lis  infantile  splenic  anaemia  and  ponos,  the  most  notable 
being  the  much  greater  fatality  of  ponos.  The  disposing 
ng  conditions  are  apparently  identical.  In  both,  the  infant 
;  life  handicapped  with  a  weak  constitution  inherited  from 
arents.  More  frequently  the  disposition  is  induced  later 
e  hygienic  conditions,  errors  in  nursing  or  feeding,  or  an 
•onchitis,  diarrhoea,  or  other  weakening  ailment. 
rd  to  morbid  associations  some  differences  become  apparent, 
syphilis  and  rickets  are  not  such  frequent  concomitants  of 
infantile  splenic  anaemia. 

possible  tp  institute  a  useful  comparison  between  the  morbid 
the  two  diseases,  for  in  the  case  of  ponos  we  have  the  records 
»  autopsies,  while  the  splenic  anaemia  of  infancy,  according  to 
9on,  has  no  pathological  anatomy  peculi^  to  itself.  At  the 
— PT.  II  1?  R 
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same  time  it  may  be  remarked  that  the  state  of  the  spleen  in  the  tro 
autopsies  of  which  we  have  an  account  agrees,  so  far  as  the  details  adnit 
of  comparison,  with  that  found  in  the  majority  of  cases  of  infantile 
splenic  ariiemia. 

When  we  come  to  the  condition  of  the  blood  we  find  distinctioM  d 
more  significance.     Von  Jaksch  described,  in  1889,  under  the  mm^ 
anaemia  infantum  pseudoleuka^mica  a  disease  which    he  considered  u 
distinct  from   leukaemia,   on  tlje  one  hand,   and  rickety  anemia  witk 
splenomegaly,   on  the  other.      This  form  was  characterised  by  marked 
enlargement  of   the   spleen,    occasionally  moderate   enlargement  of  tbe 
liver,  a  high  degree  of  oligocythaemia  and  oligochromsemia,  along  wii 
a  leucocytosis,    "constant,   persistent,   and,  in  fatal  crises,  progreafflve,* 
with  little  or  no  evidence  of  rickets.     Imperfect  as  our  knowledge  of  the 
condition  of  the  blood  in  ponos  is,  we  know  that  so  far  from  leucucytoai 
being  constant,  it  has  not  hitherto  been  observed  in  that  disease.    Lenoo- 
cytosis  is  met  with  not  only  in  the  class  of  cases  which  come  under  toi 
Jaksch's  description,  but  in  the  great  majority  of  cases,  whatever  may  be 
their  associations.     Dr.  Hutchison  believes  that  in  infantile  splenic  anseoia 
(and  he  apparently  refers  to  all  forms)  "  there  is  a  general  ratio  betweeft 
the  extent  to  which  the  spleen  is  enlarged    and    the    increase  in  tha 
number  of  leucocytes."     In  ponos,  on  the  other  hand,  great  enlargement 
of  the  spleen  is  associated  with  leucopenia.       Here  we  seem  to  have  aft 
important  point  of  difference  between  the  two  diseases. 

But  a  very  decided  leucopenia  is  found  in  a  small  percentage  of  caiei 
of  infantile  splenic  anaemia.  It  is  uncertain  whether  this  is  merely  a 
phase  appearing  at  a  certain  stage  of  the  disease,  or  whether  a  form  ensti 
in  which  the  leucocytes  are  decrt*ased  throughout  its  course.  If  a  dan 
of  aises  of  infantile  splenic  anaemia  exist,  characterised  by  leucopenia,  ifc 
would,  a[)art  from  its  lesser  malignity  and  sporadic  character,  be  i»- 
distinguishable  from  ponos. 

This  leads  us  to  notice  the  affmities  of  ponos  with  the  splenic  ansemii 
of  adults.  Anaemia  and  leucopenia  are  common  to  both.  In  both  there  ii 
marked  splenic  enlargement  not  dependent  on  syphilis  or  other  obvious  con- 
stitutional disease.  Unfortunately  we  do  not  know  whether  the  Malpigbiai 
bodies  undergo  fibrosis  and  atrophy  in  ponos  as  in  splenic  anaemia,  but 
this  is  rather  probable  than  otherwise,  seeing  that  fibrosis  involving  tha 
trabeculae  often  enough  extends  to  the  Malpighian  bodies  in  the  splenie 
anemias  of  infancy.  In  ponos,  as  in  splenic  anaemia,  the  liver  may  remaiB 
unaffected  througliout  or  undergo  a  terminal  cirrhosis.  Pigmentation  of 
the  skin  may  be  present  in  both,  and  both  are  almost  uniformly  ^taL 
But  there  are  also  differences  that  cannot  be  overlooked.  Splenic  anaemia 
runs  a  much  more  protracted  course  than  ponos,  sometimes  extending 
over  nearly  as  many  years  as  ponos  does  months.  The  age  factor,  how- 
ever, has  to  be  taken  into  account  in  estimating  the  importance  to  be 
attached  to  this  difference.  Gastro-intestinal  haemorrhage  is  very  much 
raier  in  ponos  than  in  spbnic  anaemia.  Ponos  is  a  febrile  disease,  splenic 
anaemia  is  afebrile.     With  many  points  in  common  there  are  then  no 


PONOS  6ii 


ent  grounds  for  regarding  ponos  as  being  an  infantile  form  of  splenic 
ia. 
has  been  suggested  that  |>onos  may  be  related  to  some  of  the 

of  cirrhosis  of  the  liver  occasionally  met  with  in  young  children  in 
and  other  parts  of  the  tropics.  Tlie  nature  of  these  is  imperfectly 
'Stood,  but  it  has  to  be  borne  in  mind  that  ciiThosis  of  the  liver  is 
»  constant  feature  of  ponos,  and  that  when  present  it  ai)pears  to 
vrays  secondary  to  the  splenic  infection.  Tlie  very  few  cases  of 
>tic  enlargement  of  the  liver  and  spleen,  clearly  independent  of  con- 
al  syphilis  and  other  known  causes,  which  I  have  seen  in  the  tropics, 

presented  many  of  the  features  of  Hanot^s  biliary  cirrhosis.     They 

their  appearance  in  early  childhood  at  a  somewhat  more  advanced 
•ban  that  proper  to  ponos.  The  liver  symptoms  were  not  only  the 
to  attract  notice,  but  throughout  continued  the  most  obtrusive 
res  of  the  disease.  Leucocytosis  is  not  unfrequently  observed  in 
«t's  cirrhosis,  aiid  may  be  of  some  value  in  distinguishing  it  from 

similar  maladies. 

',  may  appear  extravagant  to  speak  of  the  cachexial  fever  associated 
the  Leisliman-Donovan  parasite  in  connexion  with  i)onos.  Cachexial 
has  been  observed  in  infants  of  the  ponos  age,  but,  unlike  ponos,  it 
3  at  any  age.  Tlje  possibility,  however,  that  ponos  may  be  caused 
me  protozoan  infection  cannot  be  altogether  excluded. 
&tiire  of  the  Disease. — In  considering  the  affinities  of  ponos  to 

affections  accompanied  by  splenic  enlargement  and  anaemia  we 
taken  no  account  of  what  is,  after  all,  the  most  striking  feature  of 
lisease,  namely,  its  endemico-epidemic  character.      In  this  respect 

is  unique.  We  know  nothing  of  an  endemic  type  of  splenic 
ia  restricted  to  infancy  and  independent  of  malaria.  Although  the 
d  anatomy  and  the  condition  of  the  blood  in  ponos  are  imperfectly 
n,  the  endemic  features  of  the  malady  are  fairly  well  ascertained  and 
St  certain  inferences  regarding  its  nature. 

'^e  note  in  the  first  place  the  restricted  area  of  its  endemicity — not 
ling  261  square  miles.  It  is  in  the  highest  degree  improbable 
lifferent  kinds  of  splenic  anaemia  should  prevail  within  such  narrow 
The  bulk  of  the  cases  must  be  of  the  same  nature  and  due  to 
me  cause.  The  cause,  again,  is  peculiar  to  the  endemic  area.  The 
en  of  the  islandei-s  born  on  the  mainland  do  not  contract  ponos, 
hildren  born  in  the  islands  of  parents  who  have  migrated  from  the 
And  are  liable  to  be  affected.  These  well-ascertained  daUi  are 
patihle  with  the  view  that  ponos  is  merely  an  agu'nivatcd  form  of 
econdary  anaemias  associated  with  congenital  syphilis,  rickets, 
iulosis,  defective  hygiene,  or  errors  of  nutrition.  It  has  been 
ited  that  infantile  splenic  aruemia  may  be  caused  by  some  poisonous 
Mluct  of  perverted  digestion  consequent  on  gastro-intestinal  catarrh, 
innecessary  to  point  out  that  this  hypothesis  would  neither  explain 
revalence  of  ponos  witiiin  the  endemic  area,  nor  its  restriction  to 
rea  unless  we  assume  that  the  toxin  is  the  product  of  a  specific 


up  in  the  contents  of  the  bowel  by  a  palbogenetie 
orgaiiism  peculmr  to  Hydra  and  Spezzio.  Dr  Kolleston  inclinec  b>  iIk 
lifllief  that  the  aiialoijous  splenic  aiKemia  of  adults  is  a  chronic  iiifectin 
protiess  having  its  head  quarter's  in  the  spleen,  and  this  hypothesis  appnri 
to  b«  the  one  which  beat  accords  with  all  we  know  of  poiioe.  Oaatio 
int«stinal  catarrh  is  seldom  a  prominent  symptom  at  the  coinroencoiwiu 
of  polios.  The  remarkable  truth  that  ponos  sprang  into  existence  aon^ 
what  suddenly  is  also  atcoiigly  suggestive  of  au  infective  nature.  Tie 
history  of  epidemic  disease  furnishes  not  a  few  examples  of  germs  at  on 
time  harmless  exhibiting  nl  iinuther  the  highest  degree  of  viraleucti  TV 
germ  of  ponos  possilily  existed  ae  a  harmless  organism  in  Hydn  ud 
Spezzia  long  before  it  assumed  pathogenetic  properties  and  became  width 
diffused. 

Symptoms  and  Coui'se. — Ponos,  aa  a  rule,  commences  grwltully  vilk 
slight  fever,  followed  by  loss  of  sLrKngth,  pallor  of  the  akin,  and  miliiip- 
iiwnt  of  the  spleen.  The  ■■hild  i«  found  to  be  feverish  at  night.  Itaoot 
becomes  listless  and  sluggish  in  its  movements.  The  skiu  is  p^s  mi 
sallow  and  after  a  time  presents  a.  distinct  straw  tjnge,  bnt  jantuiiM 
is  very  rare.  In  some  cases  the  fever  is  more  pronounced  from  tb 
outset,  and  of  a  quotidian,  remittent,  or  irregular  form.  In  the  wlvancn! 
stages  of  the  ilieease  the  temperature  often  reaches  102^,  103°,  or  104*  F. 
The  evening  exacerbations  are  sometimes  ushered  in  with  slight  chillt, 
and  pass  off  by  sweats  which  are  generally  confined  to  the  neck  uA 
chest  Towards  the  end  the  fever  frequently  assumes  a  distinctly  Iwctie 
character.  Within  two  or  three  weeks  from  the  commencomeot  of  tlie 
general  symptoms  the  spleen  is  found  to  be  appreciably  enlarged,  extend- 
ing one  to  two  inches  below  the  costal  margin,  and  hard  and  firm  to 
the  touch.  Occasionally  a  protuberance  of  the  abdomen  due  to  tltit 
cause  is  lh>;  Hrst  symptom  to  attract  notice.  It  is  {lossible,  indeed,  tluU 
the  enlargement  of  the  spleen  may  be  present  from  the  first  app«annc« 
of  the  disease.  The  increase  in  the  size  of  the  spleen  ia  rapid  in  propw^ 
tion  tu  the  fever.  After  a  time  the  oi-gan  is  found  to  occupy  the  grmXr 
part  of  the  abdomen,  reaching  to  the  iliac  crest  and  crossing  the  middlt 
line  to  the  right.  Spontaneous  pain  is  seldom  complained  of,  but 
tendemasa  and  pain  on  pressure,  although  by  no  means  tonalant,  u* 
sufficiently  common  to  have  bestowud  upon  it  the  name  of  |miius.  The 
urine  at  the  beginning  of  the  illness  is  often  extremely  fetid  ;  indeed,  tlu> 
condition  is  sometimes  observed  before  any  of  the  more  characteristK 
symptoms  are  manifest,  and  is  regarded  as  a  precursor  of  the  m«l*dj. 
This  fetor  does  not,  however,  persist  throughout  the  illness,  but  dUiqipMn 
iu  a  few  weeks  or  Tnotiths.  The  urine  is  high  coloured  and  often  depodti 
a  sediment  of  urates,  but  is  seldom  albuminous.  In  a  certMin  number  of 
cjises  a  moderate  enlargement  of  the  liver  becomes  perceptible  as  ibi 
diswiae  lulvances.  In  the  time  of  its  appearance,  at  least,  it  is  secondBiylf 
the  enlargement  of  the  spleen.  A  trilling  enlargement  of  the  glands  of  tlw 
neck  is  observed  in  a  few  case.B.      The  other  accessible  glands  am  oornoL 

The  appetite  is  generally   maintained   to  the   end.    hut 
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perverted,  the  patient  greedily  devouring  the  most  unsuitable  articles  of 
food  and  often  exhibiting  a  craving  for  wine  or  spirits  administered  by 
the  parents,  sometimes  with  the  ap})roval  of  the  physician,  in  the  belief 
that  alcohol  is  beneficial  in  the  treatment  of  the  disease.  Digestion  is 
slow  and  difficult,  frequently  accompanied  by  meteorism,  dyspna>a,  and 
sweating,  more  rarely  by  vomiting.  The  bowels  are  always  more  or  less 
disordered.  At  the  outset,  constipation  is  the  nile,  giving  place  at  a 
later  stage  to  diarrhoea,  and  at  the  close  the  motions  often  present 
a  dysenteric  character. 

A  cjichectic  state  gradually  appears  and  becomes  more  pronounced 
as  the  spleen  enlarges.  The  child  emaciates,  the  skin  assumes  a  dusky 
colour,  and  oMlema  of  the  ankles,  legs,  and  face  sets  in.  Ascites  is  rarely 
present.  Hjemorrhages  are  practically  of  constant  occurrence,  most  com- 
monly tiiking  the  form  of  petechial  spots  or  ecchymotic  patches  on  the 
trunk  and  extremities  and  bleeding  from  the  gums.  Next  in  frequency 
18  epistaxis,  which  may  appear  during  the  coiu-se  or  towards  the  termina- 
tion of  the  disease.  Gastro-intcstinal  haemorrhage  is  comparatively  rare. 
The  subperiosteal  extravasations  characteristic  of  infantile  scurvy  appar- 
ently have  not  been  observed. 

The  ti  unit  ion  of  ponos  is  usually  from  eight  to.  eighteen  months,  but 
it  may  prove  fatal  within  six  months,  or  be  prolonged  for  two  years. 
When  the  fever  is  high  its  course  is  rapid.  Short  periods  of  deceptive 
amelioration  of  the  symptoms  occur  during  the  progress  of  the  malady. 
Most  cases  terminate  fatally.  During  the  period  of  its  maximum 
prevalence  recovery  was  observed  occasionally,  and  the  earlier  wnters 
spoke  not  unhopefully  of  the  issue  when  the  disease  came  under  treat- 
ment in  the  early  stage  and  the  circumstances  of  the  parents  were 
favourable.  But  us  ponos  has  diminished  in  freijuency  it  has  increased 
in  malignity.  Diamantopoulos,  speaking  of  ponos  as  it  is  met  with  in 
Spezzia  at  the  present  day,  says  it  "  invarialily  terminates  fatally  by  itself 
or  its  compliciitions."  Pxjually  emphatic  is  the  testimony  of  Thomopoulos. 
"None  of  the  patients,"  he  says,  "escape.'^ 

CaiidUiori  of  the  BUhhI. — Few  complete  blood  examinations,  so  far  as  can 

he  ascertained,  have  been  made  in  ponos.     Karamitsiis  found  a  reduction  of 

the  red  corpuscles  and  very  marked  leucopenia  in  two  cases  he  examined. 

The  leuqpeytes  were  so  few  that  careful  search  had  to  Ix*  made  to  discern 

them.     Other  examinations  of  the   blood   have  since   been  made   with 

the  result,  according   to   Thomo])oulos,   of  confirming   the  existence   of 

leucopenia.     In  no  instance,  apparently,  has  leucocytosis  ]>een  observed. 

But  until  the  blood  has  been  examined  at   the  various  stages  of  the 

^Wase,  and  the  actual  number  of  red  and  white  corpuscles  per  c.cm. 

**certained,  the  presence  of  leucopenia  Jis  a  constant  character  of  the 

Wood    in     ponos    cannot    be   accepted    as    scientifically    demonstrated. 

Nothing  has  been  ascertained  as  to  the  exact  percentjjge  of  haemoglobin, 

*Qe    presence  or  absence    of   nucleated    red    corpuscles,  eosinophils,    or 

^J^elocytes — points  which  must  be  known  before  we  can  determine  the 

'®*ation  of  ponos  to  other  forms  of  infantile  splenic  anaemia. 
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Treatment. — ^Rational  hygiene  obviously  occupies  the  first  place  ii 
the  treatment  of  ponos.  Wlien  the  mother  is  cachectic,  a  healthy  wet- 
nurse  should  be  got  for  the  infant  This  is  said  to  have  been  folloved 
in  some  instances  by  the  best  results.  Premature  weaning  and  protracted 
lactation  dispose  to  the  disease  and  should  be  avoided.  When  a  suitable 
nurse  cannot  be  obtained,  the  fresh  milk  of  a  healthy,  weD-fed  cow, 
diluted  according  to  the  age  of  the  child,  should  be  given ;  and  in  the 
case  of  older  infants,  cream,  beef -juice,  or  finely  minced  meat  will  be 
necessary.  The  dwelling  must  be  clean,  dry,  and  well  ventilated,  the 
clothing  warm,  and  the  child  kept  out  of  doors  for  the  greater  part  <rf 
the  day  in  the  fresh  air  and  sunlight.  When  the  circumstances  of  the 
parents  permit,  removal  from  the  locality  is  indicated.  As  regards  drags, 
quinine  has  appeared  to  be  useful  in  controlling  the  fever,  and  in  some 
instances  is  reported  to  have  effected  a  reduction  in  the  size  of  the  spleen. 
Thomopoulos  has  not  found  its  use  prevent  in  any  instance  a  fital 
termination,  even  when  administered  from  the  onset  of  the  disease, 
although  in  some  cases  it  mitigates  the  symptoms.  In  the  early  stages 
experience  is  in  favour  of  the  use  of  iodide  of  iron  and  cod-liv«-  oil 
Bone-marrow  suggests  itself  as  worth  a  trial.  When  associated  with 
nckets,  in  addition  to  the  line  of  treatment  just  indicated,  phosphcHUs 
might  be  cautiously  tried  in  the  case  of  older  children ;  and  when  a 
syphilitic  taint  is  suspected  mercurials  should  be  given.  Orlandos  A 
Spezzia  states  that  the  only  instances  of  recovery  which  he  observed  were 
in  children  treated  with  wine  or  brandy.  We  give  his  experience  for 
what  it  may  be  worth,  but  the  mode  of  treatment  is  one  for  which, 
theoretically  at  least,  little  can  be  said.  One  cannot  get  rid  of  the 
suspicion  thjit  alcohol  may,  to  some  extent,  be  responsible  for  the  cirrhons 
of  the  liver  which  sometimes  sets  in  during  the  progress  of  the  malady. 

Andrew  Davidson. 
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beflnltlon.^ — A    apecitic'    foiiu    of    multiple    peripheral    neuritis ;    cbiir- 

uct«riaed  by  Bpeuial  liability  to  irapliiation  of  tin?  phrenic  und  pneunio- 

gastrtc  nerves,  and  a  nioi-e  or  less  marked  liability  to  ceJema  of  the 

^^conoectlve  tissue  and    serrnis  effusion   into   tho   pleural,  pericanlJal,  or 

^UMritoneal  cavities.     The  higher  nerve-centres  and  the  cranial  nerves  are 

^^ffery  rarely  implicaled.     The  disease  is  apt  to  oecnr  as  an  epidemic  in 

^^fiistitutionB  und  amongst  gangs  of  men.     In  certain  tropical  regions  it  is 

^endemic     In  cooler  latitudes  it  may  break  out  during  the  warm  part  of 

the  yefti'.      High  atmospheric  temperature  and  abundant  moiiiture  favour 

il«  developftient,  while  defective  food  and  bad  hygienic  surroundings  are 

probably  contn'butory  influences. 

History. — The  extreme  antiquity  of  beriberi  is  undoubted.  Strabo 
and  Dion  Cassius  contiuTi  passages  referting  to  it,  or  to  a  very  similar 
disease  which  broke  out  in  the  Uoman  army  when  invading  Arabia  in 
j94  B.<!.  Chinese  writers  as  early  as  the  second  century  of  our  era  make 
Butirict  allusion  to  it.     According  to  Macgowan,  it  is  referred  to  in  the 

'  The  loeal   nnines  for  berilwti  ure  infinite.      In  .liim  it  i«  known  by  the  natirCT  ils 

s  I'antjaldl  vilat,  or  lO-nt  (r'ry<tal  »ioku«»).  Jtinat,  Apiioi  \  in  New 

Inn  ■■  Pcmtjakit  papoea  :  unaug  the  MgJuya  as  SaJn  Irm  Iml  (wsak  Ic^) ;  in  the  Frenvh , 

Ititin  M  Maladir  da  tuavria  ;  in  Cuba  as  Hinehtaim  (drape;}  dt  let  ntgrnt  y  Chinoa ;  in 

"   >  Penuirai  (ailing  feet) ;  in  Mitta  GroiBO  lu  IneheAo  ;  In  Ccjlan  It  wu  at  oni-  time 

Mi  bad  tirkvam  q/  Orjitim.     In  Japan  It  is  sonietimw  Galled  Aihilse;  the  tcrta 

tmnu!;  nsed  there,  however,  i»  Koike,  a  wnril  wiiitli  if  now  very  rreqileutly  en* 

bTed  by  Enropean  writers.      It  b  we!l  to  remeuiher  that  the  lenu   "kakke"  u  Blrictly 

ynonyinoaB  with  beriberi,  and  does  not  indicale  a  ttpecial  JapnneHe  farm  of  tbr  dineiuie,  ait 

J   There  h»«  been  much  uieleia  and  inconclusiie  discussion  ahout  the  etyniolt^y  of  the  word 

tclally  recognised  by  the  Royal  College  of  riiysieiaun  of  London.     All 

t  la  with  certainty  known  ia  that  the  word  U  of  eastern  origin.     The  attempt*  whivh 

"     qdIo^  amonnt  to  little  more  than"  ingenjouj  upeoulalion. 

T-Ahrena  derives  it  from  the  Hiudnatiaii  fieri,  a  Hheep,  In  allusioD  to  the  perulior  (^nit 
Plateenw  dorivei  it  from  the  Sudanesii  irViV.r,  ilnfill.  hti'L't. 
ffwalking,  potleriut;  walking  :  Marahall  ftvm  the  Bingtudese /JADrv.  ''U.iK  imh  iiiEiiit  : 
tklota  Iroin  the  Hinduitoni  BhaT'mri.  twellin^  sdenia  ;  and  Carter  rmrn  tin'  AniI'Ii  tn-ln; 
I,  ondftaAri,  aaailor,  in  Bllnslon  to  the  fact  that  it  to  a  form  ol  .Ivkiimra  ii,i|lli  tilly 
It  with  among  Halors  in  the  Arabian  soas.  Simon  sayt  that  during  a  vi.ii  |iuiil  X"  CiyloTi 
•  ileBfillaly  aacertuned  that   "beriberi"  ia  a  Singhale.w  wonl  which  'imply  mean^  "a 

Oertain  medical  writers,  dissatiahed  willi  the  aomem'hat  uncouth  term  beriberi,  have  nig- 

d  »>Hou»  I*tin  or  Greek  namei,  moat  of  Ihem  referring  either  to  the  (iropsieal  or  lo  the 

nlftio  phaiet  of  the  dLaeaae,  or  indiesting  eoiue  hypotbeaja  of  ila  nature  which  nray  or 

T  not  be  comet.     Thita   we  have  Hydrrgu  ailAvtatiau  (Bogers),  Synclmiui  beriberia 

n  Oood),  Myrlopalhia  Iropica  morlnitica  (tan  Overbeek  de  M^er),  Jk'amiia  muUiplrx 

I   (Sehenbe),   Farapttgia   mrphitica  (Swaving),    Stru-phVdns  pmidma  mdanka 

•• —    -     .      -„  (ggij). 
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Neiching,  the  oldest  medical  treatis(>  extant  and  attributed  to  Hwang-ti 
(B.C.  2697).  It  is  also  mentioned  in  Japanese  books  of  the  omtk 
centiu-y  A.D.,  but  Scheube,  who  has  devoted  much  attention  to  tlM 
literary  as  well  as  to  the  scientific  aspects  of  benberi,  thinks  tbat  tk 
allusions  were  borrowed  from  Chinese  works ;  and  he  concludes,  \vm 
the  evidence  of  contemporary  writings,  that  the  disease  appeared  ii 
Japan  for  the  first  time  about  the  middle  of  the  eighteenth  wDturr. 
Although  in  the  earlier  modern  European  works — from  Bontius  oiiwari 
— relatmg  to  Eastern  diseases,  beriberi  was  distinctly  recognised,  anin 
far  as  the  knowledge  of  the  times  permitted,  accurately  descnlied, 
latterly  the  subject  seemed  for  a  time  to  have  somehow  dropped  ool 
of  medical  literature  —  particularly  the  English  —  of  tropical  diiseift 
Indeed,  some  authoi^s  were  inclined  to  deny  its  existence  as  a  spwifc 
disease,  and  to  relegate  it  to  some  such  category  as  ansemia,  scnnr, 
malaria,  or  rheumatism.  But  the  recrudescence  of  the  disease  in  Braal 
about  1863,  the  opening  up  of  Japan  to  foreign  intercourse,  and  tk 
discovery  that  the  "  kakke  "  of  that  country  was  none  other  th&n  ik 
beriberi  of  the  Indies,  the  epidemics  in  the  Singapore  gaol  and  in  tk 
prisons  and  mines  of  the  Malay  Peninsula,  and  in  plantations  in  the  Makf 
Archipelago,  and  the  ravages  of  the  disease  among  the  Dutch  tro<»p8  a 
Atcheen,  have  in  recent  years  concuired  to  force  it  again  into  notice. 

Perhaps  recent  advances  in  neuro- pathology,  the  discovery  ikJ 
what  were  formerly  regarded  as  ill -defined  and  unclassified  groopi  rf 
palsies  depend  on  inflammation  or  degeneration  of  the  peripheral  nerreii 
and  that  these  pathological  conditions  in  their  turn  are  attrihuttUe  to 
certain  poisons,  have  done  more  than  anything  else  to  forward  the  stodf 
and  knowledge  of  beriberi ;  for  it  has  been  clearly  proved  by  Schenk 
and  Biilz  in  Japan,  and,  later,  by  Pokelharing  and  ^Vinkle^  in  tk 
Netherland  Indies,  that  beriberi  is  in  fact  a  specific  form  of  periphenl 
neuritis,  an  opinion  now  generally  accepted.  Until  this  genendisati* 
was  made,  the  symptoms  and  their  singular  grouping  had  received  i» 
satisfactory  explanation.  The  recognition  of  this  explanation  of  tk 
clinical  phenomena  further  involves  the  belief  that  the  series  of  i»*' 
festations  known  as  beriberi  are  essentially  secondary,  and  thai  tk 
primary  source  of  the  poison  must  be  the  antecedent  i-eal  cause  of  tk 
disease.  The  work  of  Hamilton  Wright  and  others  has  done  much  t# 
emphasise  this  point. 

Efforts  cire  being  made  to  advance  a  step  further  in  the  search  ^ 
the  beriberi  poison,  which  may  be  either  a  micro-organism  or  a  cberni* 
substance  of  microbic  origin,  but  no  conclusive  results  have  as  yet  batf 
obtained. 

Geogrraphical  Distribution. — Although  cases  of  beriberi  haw  ^ 
reported  as  far  north  as  the  island  of  Saghalien,  and  although  to  ve 
knowledge  the  disease  has  originated  in  the  port  of  London  amoof^ 
rrews  of  ships  that  had  been  in  harbour  for  several  months,  its  pj 
graphical  limits  may  for  practical  purposes  be  stated  as  beio^  about ^ 
N.  (the  island  of  Yezo)  and  about  35''  S.  (the  city  and  neighboark^ 
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of  ^lonte  Video).     Commencing  at  the  t»iistem  coast  of  Asia,  beriberi 
occurs  in  Japan  as  far  north  as  Hakodate,  being  very  common  in  the 
large  towns  of  the  empire,  such  as  Tokio,  Yokohama,  and  Kioto,  especially 
in  houses  situated  in  the  low  damp  districts.     In  Corea  it  is  said  to  be 
prevalent,  particularly  on  the  south-east  coast.     We  have  met  with  no 
account  of  its  occurrence  in  China  to  the  north  of  the  Yangtse  River ;  but 
at  Shanghai,  and  at  all  the  treaty  ports  south  of  that  city,  in  Formosa, 
and  in  Hong  Kong,  it  is  often  met  with.     It  has  also  been  reported  as 
endemic  at  Fatshan,  a  city  a  considerable  distance  up  the  Canton  liiver  ; 
how  much  farther  the  disease  extends  into  the  interior  of  the  Chinese 
Empire  is  not  known,  but  apparently  it  is  less  prevalent  in  the  agricultural 
districts  than  in  the  crowded  towns  near  the  coast.     It  was  epidemic  in 
Manila  in  1882-83,  and  prevails  there  at  the  present  time.     It  has  also 
been    reported   from  Tonkin    and    from   Cochin  China.      In  Singapore, 
Malacca,  Penang,  and  in  many  parts  of  the  Malay  Peninsula  it  occurs 
with  grciit  frequency.     It  is  even  commoner  in  Java,  Borneo,  Sumatra, 
and  in  many  of  the  islands  of  the  Eastern  Archipelago,  the  warm,  damp 
atmosphere  of  which  seems  particularly  suited  for  its  development.     Thus 
in  Atcheen  it  has  proved  a  scourge  to  the  Dutch  tioops,  native  and 
European,  and  to  their  camp-followers.     It  is  perhaps  the  most  serious 
difficulty  planters  and  minei-s  in  the  Malay  countries  have  to  contend 
with ;  every  year  thousands  of  their  coolies  succumb  to  this  disease,  in 
lome  localities  the  mortality  from  this  cause  being  over  50  per  cent 
Beril>eri  in  Australia  is  usually  a  ship  disease,  as  in  the  pearling  fleets,  or 
it)  met  with  occasionally  as  imported  cases.     Wetherall  reported  an  epi- 
demic iimong  sixty  aboriginals  who  had  been  imprisoned  at  Kimberley, 
Western  Australia,  and  Corlette  and  Molloy  describe  outbreaks  among 
the  Chinese  in  Sydney  and  Melbourne.     The  disease  seems  to  have  been 
oommon  enough  in  India  at  one  time ;  if  it  be  rarer  in  recent  years,  this 
ift  possibly  due  to  better  barracks  and  improved  hygiene  in  gaols,  schools, 
and  large  public  institutions  generally.     Recently  we  have  accounts  of 
outbreaks  in  Burma  as  high  up  the  Irawaddy  as  Mandalay.     Acconling 
to  Colonel  Giles  the  disease  popularly  known  in  Assam  as  "  beril>eri ''  is 
really  ankylostomiasis,  but  cases  of  true  beriberi  are  still  occasionally 
mot  with.     Beriberi,  formerly  common  in  Ceylon,  is  now  i*are  in  that 
island.     The  disease  known  as  epidemic  dropsy,  which  visited  Calcutta 
and   its    neighbourhood,    and    Mauritius    in    1877-80,    has    also    been 
described   by  some  as  beriberi ;  but  although   resem]>ling  this  disease 
in  certain  respects,  it  appears  to  us  to  have  shewn  many  differences 
— chief  among  which  were  the  low  mortality,  the  invariable  presence 
of  extensive  dropsy,    the   short  duration  of   the  attack   (three   to  six 
weeks),  the  absence  of  pronounced  anaesthesia  and  paralysis,  and  the 
*       frequency  of  an  eruption  \mh'  article,  p.  643).     True  benberi  does  occur, 
■j>.      however,  in  Mauritius  and  in  the  neiirhbouring  island  of  Bourbon,  wherti 
■^     the  chronic  atrophic  varieties  were  formerly  called  "barbiers."     It  is  also 
^      ttet  with  in  Madagascar,  Zanzibar,  Mombasii,  and  elsewhere  on  the  east 
'  3      ^oast  of  Africa.     It  has  often  been  seen  on  the  west  coast  of  that  conti- 
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neiiL,  and  caused  a  icrrible  mortality  among  the  coloured  Inbounm  on  tb> 
Congo  railway.  In  America  beriberi  lias  licen  rejiorted  (nwn  Ciil«, 
Ouodaloupe,  Panama,  Venezuela,  and  Cayenne,  Of  late  yeara  it  l» 
been  extensively  prevalent  in  Brazil  and  Uniguay,  and  lias  been  » 
countered  as  far  south  as  Monte  Video.  It  is  suid  to  oecur  in  Ue 
■Sandwich  Islands,  and  a  definite  epidemic  occurred  in  Fiji  amgnpl 
imported  Japanese  coolJea,  hut  when  these  left  the  disease  disappeiitd 
with  the  exception  of  an  oucasional  case  amongst  Chinese  residents.  Bef> 
beri,  if  it  occur  al  all,  is  certainly  rare  in  Europe.  It  is  concdmbk. 
however,  that  some  of  the  obscure  cases  of  peripheral  neuritis  that  tnf 
up  from  time  to  time  are  of  this  nature.  Wlien,  as  in  the  outbraalc  K 
the  Kiciimond  A.sylum,  Dublin,  in  1  !<94,  peripheral  neuriria  occurs  in  tpi 
demic  form  and  cannot  be  traced  lo  arsenic,  it  is  moat  probably  licnh^ii 

As  a  general  rule,  in  the  countries  mentioned  Iwriberi  is  fuunj 
princi[ttilly  in  the  low-lying  districts  along  the  iroasls  and  on  ihs  haiiktii 
rivers ;  but  mountainous  districts  and  tablelands,  provided  they  sopplj 
the  necessary  conditions  of  heat  and  moisture,  are  not  exempt  't^rn, 
according  to  Balz,  beriberi  occurs  at  Shinano  in  Japan  at  an  cleratiM 
of  800  metres  above  the  sea-level,  and  in  the  Malay  Peninsula  cnans  hn* 
been  seen  in  ravines  3000  feet  above  eea-lcvel,  but  uceording  to  Vtigit 
the  disease  was  really  acquired  nl  lower  altitudes.  In  the  enilemic  am 
it  always  shews  a  marked  preference  for  the  low-lying  ijuarUrs  of  citiK. 
for  barracks,  forts,  hospitals,  schools,  gaols,  mines,  coolie-lines  on  pUcU- 
tions,  and  for  limited  spaces  wherein  large  numbers  are  crowded  U^dbR 
One  of  the  peculiarities  of  its  distribution  is  that  in  some  (lisUict^  at  >> 
the  island  of  Stnga[Mire,  it  is  mainly  a  disease  of  the  town,  whilil  in 
other  disirrcts  in  Malaya  the  large  towns  are  relatively  free. 

In  endeavouring  to  settle  the  geographical  distribution  of  berilwri  li 
must  be  borne  in  mind  that  our  knowledge  of  the  diseases  of  the  mli™ 
of  many  of  the  countries  within  the  limits  indicated,  though  consuntl; 
increasing,  is  still  defective.  It  is  only  at  a  fev  trading  centree,  for  Ike 
most  part  on  the  coast-lines,  tliat  there  are  satisfactory  opjjortuni^  fc 
gaining  much  information  about  the  native  diseases  ;  and  even  al  unw  « 
these  places,  from  the  absence  of  suitable  hospitals,  ignorance  of  nati" 
languages,  and  disinclination  on  the  part  of  the  ])eople  to  rotuull 
Kuropcan  practitioners,  investigation  has  been  imperfect  ImportsM 
diseases,  even  great  epidemics,  may  exist  among  the  nativM  (rf  tl» 
interior,  and  even  of  the  coast,  and  yet  the  resident  Eurnpeuu  Oif 
remain  in  complete  ignorance  of  these  events  for  a  considerable  peri"!' 

A  remarkable  feature  about  beriberi  is  ite  tt^ndency  to  occur  in  ship* 
In  the  early  days  of  European  trade  with  the  Fast,  when  ship!  v*** 
ainall  and  crews  were  large,  when  voyagee  were  protracted,  and  whenlfc* 
forecastle  was  crowded  with  ill-fed,  poorly -clothed  native  sailon  off 
accompanied  by  their  families,  beriberi  frequently  broke  out  amon^  thflii> 
although,  as  was  often  noted,  it  rarely  spread  aft  to  the  oflioen  <T 
European  quartermasters.  Even  now  beriberi  is  far  from  iincoouwj' 
«aong  the  native  crews  of  steainera  trading  to  the  East.     The  SeUDM' 
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BloepitaU  nn  the  'I'btimes  are  seldom  without  cuites  ol  ihe  tlisense  krided 

rem  such  sUamera.      Not  many  ycara  ago  beriberi  was  so  irommou  in  the 

■apaneso  Navy  that  oiie-fonrth  pnrt  of  the  service  was  anniialJy  attacked. 

^milariy  a  large  [jercentage  of  the  natives  and  a  few  of  the  Europeans  in 

e  Dutch  meti-of-war  in  the  Eaat  Indies  sutter  Irom  the  <Hseafie — more 

merly  than  at  the  present  day.     Another  curious  point  in  its  connexion 

'i  ehips  JB  that,  like  yellow  fever,  it  sometimes  eeems   to  eling  to 

"ticDlar  sliijM,  and  to  reappear  in  their  crews  year  after  year,  though 

t  such  instances  the  intervals  between  the  reappearances  are  oft«n  pro- 

Tbua,  in  a.  Chinese  gunbo.-it,  though  ^ienipuloiiEly  clean  and  well 

ind,  cases  of  benberi  cropped  up  anniuilly  over  u  number  of  years, 

spearing  regularly  among  the  crew  soon  after   the  onset  of  the   hot 

"weathev,     A  remarkable  and  unexplained  foint  in  ronnexion  with  ship 

beriberi  is  that  it  is  eapeciaily  common  in  Swedish  and  Norwegian  vessels 

— notwithstanding  the  generally  fine  pliysique  of  the  crews  and  liberal 

^diet- 

Etlologry. — Beriberi  has  been  attributed  lo  a  multitude  of  ditTerent 

Some  of  these — nephritic,  for  example — are  so  manifestly  un- 

iiinneeted  with  the  disease  that  it  is  unnecessary  to  discuss  them.     Tiie 

(llowing,  however,  may  ho  enumerated  :— Malaria,  scorbutus,  intestinal 

ccupation,  bacteria,  protoaoa. 

Taking  a  broad  view  of  the  occurrence  of  beriberi,  the  influence  of 

nlnria,  scurvy,  dysentery,  and  so  forth  as  causal  factoi-s  can  be  definitely 

[eluded.     As  regards  malaria,  it  would  be  easy  to  shew  that  whereas 

ti  the  one  hand  beriberi  is  common  in  places,  such  tis  Singapore,  where 

alaria  is  rare,  on  the  Other  hand   it  does  not  occur  in  many  of  the 

countries  most  infested  with  malaria ;  that  the  parasites  of  malaria  are 

only  present  in  the  blood  of  persons  with  beriberi  when  the  two  diseases 

co-exist ;  :ind  that  in  the  great  majority  of  fatal  cases  there  is  no  malarial 

pigment,  old  or  recent,  in  the  organs,  and  the  leucocytic  count  is  not 

tJiat  of  malaria. 

It  would  also  be  easy  to  shew  that  as  regards  inlfsiinal  parittilen 
tfaere  is  no  relationship  between  tbo  prevalence  of  such  parasites  as  the 
pkylostome  or  the  trichocephalus  and  the  occurrence  of  beriberi.  This 
i  true  l>oth  as  regards  the  occurrence  of  the  iliseasc  in  dilTcrent  countiies 
r  amnngst  different  races  or  classes  in  the  same  country. 

(keiipation  may  also  be  excluded.  Thus,  whilst  beriberi  in  Japan  and 
mbay  is  commonest  amongst  sailors,  in  the  Malay  States  it  is  com- 
l  amongst  miners,  rare  amongst  those  engaged  in  agriculture  and 
■  tu-ban  population.  Moreover,  where  two  races  are  engaged  in 
3  tome  class  of  work,  whether  mining  or  agricidture,  one  race  will  be 
icked,  while  the  othei'  may  escape  almost  entirely. 
Improper  Bifl. — This  has  often  been  advanced  as  the  cause  of  beriberi  ; 
S  claims  will  be  discussed  later  on  (p.  623) ;  meanwhile,  suffice  it  to  say, 
e  not  been  established. 

ria. — -The  blood,  other  fluifls,  anil  the  solid  viscera  have  been 
Lafld  from  time  to  time  the  presence  of  c 


has  been  described.  The  beet  known  of  these  organisms  is  die  polf 
morphic  bftcterium  described  by  Pekelhariiig  and  Winkler.  AD  it 
more  imporijuil  recent  observjitions,  conducted  with  the  net^vj 
precsmtions,  have  shewn  that  the  blotxi  iind  solid  viscera  of  pema 
reuently  deiid  in  any  stiige  of  beriben  are  sterile,  and  do  orgKniiiiiu  ifcri 
will  grow  on  culture  nii-dia  are  to  be  found. 

Ill  the  hollow  viscera,  especially  the  alimentary  tract,  orgajuamt  m 
of  course  numerous,  and  attempts  liave  been  made  to  isolalo  tputt 
germa  from  these  situations.  Attention  has  lieen  mainly  direcltd  la 
the  throat,  stomach,  itnd  duodenum,  as  being  parte  oft«n  shewing  c^MOpt 
in  beribfri.  Oi^anisma  pi-osenting  peculiar  characters  have  b«en  f oonl 
in  or  isolated  from  these  situations,  but  in  no  instance  has  tbor 
pathogenetic  character  been  proved. 

Protozoa  have  been  described  by  some  observers,  but  all 
vestigationa  conducted  under  favounible  conditions  have  failed  to  ^« 
that  any  such  organism  is  present  in  blood,  cerebrospiniil  fluid,  awn 
efTiuiona,  or  solid  organs. 

As  will  be  presently  explained,  the  group  of  syroptoma  indicaud  lit 
the  term  beril<eri  is  probably  a  late  maiu'festation  of  an  antecedent  ud 
probably  extinct  infection;  with  this  in  view  it  is  highly  desinhlt  ihl 
the  search  for  the  itpecific  organisms  should  be  made  at  »u  (larlter  {wiial 
and  liefore  the  recognised  cliuical  manifestations  of  the  diseiue- 
nervous  symptoms — -have  set  in. 

Before  discussing  the  various  hypotheses  as  to  the  oiuae  of  heribwi 
which  are  seriously  advocated  by  modern  expert  observers,  ihwo 
few  outstanding  points  concerning  the  distribution  and  occurrenct  ^^ 
the  disease  wliich  ought  to  lie  considered  irrespective  of  aiij-  hypoUw« 

Beriben  occurs  in  all  races  and  in  both  sexes,  but  childn-n  are  nitij 
attacked.  In  any  one  country  or  place  the  incidence  is  mainly  in  «• 
only  of  several  nicea  resident  there,  and  in  ship  epidemics  it  W  oft* 
been  limited  to  one  of  several  races  tliat  may  be  representml  amMf 
the  crews.  In  the  Malay  Peninsula  the  Chinese  suffer  mo*t  soreniti 
but  it  is  rare  amongst  the  Tamils,  and  does  not  atta<;k  tbe  M»]>t» 
in  the  native  villages.  Europeans  and  Eurasiaijs  escape  SpmloxC 
generally,  the  disease  is  most  common  amongst  the  poorer  cluM  <■ 
the  affected  race,  and  is  moat  prevalent  when  work  and  money  W 
scarce.  This  is  well  shewn  in  the  Malay  States,  where  the  st«ple  aitie* 
of  export  is  a  commodity  of  fluctuating  value — tin.  The  prcvalenoB'' 
the  disease  when  the  price  of  tin  was  low  was  much  greater  than  nl  a"* 
time  before  or  after  this  period  when  the  value  of  tin  was  high.  * 
board  ship  it  is  unusiml  for  the  officers  to  bo  attacked,  the  dii"'*" 
generally  being  limited  to  the  occupants  of  the  forecastle,  though  in 
instances  the  officers  suffer  while  the  sailors  escape. 

Period  of  Exptixure, — Persons  who  come  into  a  district 
such  ;ia  u  prison,  in  which  berilieri  is  rife  do  not  manifest  sign*  of  »" 
disease  for  some  time.      Among  a  number  of  fresh  arrivals  few  »»• 
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r  ill  the  first  month ;  after  this  period  cases  begin  to  crop  up,  the 
38t  number  being  in  the  third  and  fourth  months  of  residence.  The 
3eri  incidence  among  new  arrivals  in  the  mining  district  of  Sungei 
bing,  and  the  length  of  time  between  sentence  and  admission  to 
dtal  for  beriberi  in  the  Kwala  Lumpur  gaol,  may  be  taken  as 
Qples.  The  following  table  for  that  gaol  is  abstracted  from  figures 
piled  by  Travers  : — 


Csu»*»  uf  Beriberi. 

gei  Lembing  Minos 
la  Lumpur  Gaol 


Month  aft^T  Admission. 

8th  t() 
12th. 

148 

iMt. 

1 

2n(l. 
48 

3rd. 

4th. 

otli. 
72 

6th. 

7th. 

1 

10 

1 

91 

82 

46 

46 

11 

45 

67 

40 

27 

25 

1 

25 

8 

rhough  these  figures  represent  the  common  period  of  exposure,  other 
rvations  shew  that  a  much  longer  time  may  elaj)se.  This  period 
»  include  the  time  that  passes  before  the  poison — whether  a  germ  or 
her  nature — is  introduced,  the  period  of  incubation,  if  there  be  one, 
the  time  that  must  elapse  to  allow  the  effect  on  the  nerves  to 
me  manifest.  The  average  incubation -period  must,  therefore,  be 
iderably  less  than  this  period  of  liability  to  acquire  the  infection. 
ieasoTud  Variation. — In  most  countries  this  is  not  absolute,  but  near 
equator  the  admissions  to  hospitals  and  the  deaths  are  apt  to  be 
r  numerous  in  the  wet  cool  months.  The  more  marked  the  climatic 
ktions  the  more  marked  is  this  difference.  Cases  are  admitted  and 
Date  at  all  times  of  the  year,  and  epidemics  may  occur  in  any  season, 
▼ariation  observed  is  more  on  a  par  with  that  noticed  in  the  rate- 
ience  of  typhoid  fever  or  of  other  zymotic  diseases,  than  with  that 
Ti  in  diseases  in  which  differences  in  the  climatic  conditions  play 
)re  important  part.  In  subtropical  countries  l>eriberi  may  be  met 
only  in  the  warm  season. 

Phe  evidence  is  strongly  in  favour  of  the  opinion  that  the  disease  is 
ed  by  or  with  man.  In  gaols  the  outbreaks,  both  at  their  com- 
2ement  and  throughout  their  course,  are  associated  with  the  admission 
>w  prisoners  in  the  early  stages  of  the  disease.  At  the  same  time 
Dold  be  noted  that  an  epidemic  soon  dies  out  when  such  importation 
m ;  for,  apparently,  under  the  ordinary  conditions  of  prison  hygiene, 
J  that  develop  in  gaol  do  not  seem  to  be  capable  of  carrying  on  an 
jmic  for  any  considerable  period. 

leriberi  introduced  into  countries  pre^^ously  unaffected  may  sjnea^l 
amongst  the  race  that  brought  it.  This  was  well  exemplified  in 
where  a  severe  epidemic  among  the  imported  Japanese  hibourers 
Bted  as  long  as  they  remained  in  the  country,  but  did  not  attack 
other  races,  and  disappeared  when  the  Japanese  left  the  islands. 
ther  recorded  importations,  though  at  first  confined  to  one  race,  the 
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disease  extended  to  other  races,  so  that  more  widespread  outbreab 
occurred.  It  may  well  be  that  originally  the  disease  was  introduced W 
the  Chinese  into  the  Malay  Peninsula,  where  it  is  now  widesprei^ 
and  where  it  occurs  amongst  several  races,  though  to  a  less  extent  thta 
in  the  Chinese  themselves. 

The  modern  views  as  to  the  causation  of  beriberi  may  lie  dividd 
into  those  which  assume  that  the  poison,  or  condition,  causing  the  Den> 
lesions  is  manufactured  or  originates  outside,  and  those  which  assuitt 
that  it  is  produced  inside  the  body  of  the  patient.  Under  the  fink 
heading  may  bo  mentioned  (1)  nitrogen  starvation  ;  (2)  arsenical  poisoft- 
ing;  (3)  chronic  poisoning  from  some  constituent  formed  in  ceruii 
classes  of  food,  such  as  iish  or  rice,  and  ingested  with  the  food;  (4) 
absorption  by  inhalation  or  otherwise  of  poison  emanating  from  tie 
ground  or  surroundings  in  places  where  beriberi  occui*s,  i.e.  place-infecdoo; 
(5)  personal  infection.  Under  the  second  heading  are  those  hypothesd 
to  the  effect  that  the  poison  is  formed  in  the  body  as  a  result  either  of 
a  primary  microbic  invasion  producing  a  local  lesion,  or  of  some  organisa 
which  forms  this  poison  without  causing  such  definite  local  lesion.  TIm 
local  lesions  described  are  located  in  the  alimentary  canal,  (1)  gastro-duo- 
denitis,  (2)  pharyngitis  and  otijer  throat  or  mouth-lesions. 

1.  Niirofjen  Stmralion. — From  a  consideration  of  its  geograpliicil 
distribution,  it  appears  that  the  disease  is  commonest  in  rice-eating  nces^ 
especially  among  the  classes  in  these  races  who,  not  being  able  to  afford 
much  food  of  other  kinds,  subsist  mainly  on  rice.  A  diet  deficient  ii 
nitrogenous  elements  is  therefore  a  common  feature  in  many  of  the ootr 
breaks  of  beriberi.  Observations  in  Japan  were  in  favour  of  the  view 
that  such  a  diet  was  the  real  cause  of  beriberi.  Up  to  1883  the  cases  is 
the  navy  of  that  country  averaged  over  a  quarter  of  the  strength,  and 
in  that  year  there  were  1236  cjises  of  beriberi  in  a  force  of  5349  men. 
fn  1884  the  dietiry  was  changed,  a  larger  proportion  of  nitrogenous  food 
being  given,  and  in  1885  there  were  only  41  cases,  in  1886  only  3,  and 
since  then  practically  none.  Takaki,  who  was  the  fiirst  to  propound 
the  nitrogen-sUirvation  hypothesis  and  who  brought  about  these  dietetic 
changes,  naturally  regards  these  figures  as  a  proof  that  his  view  as  to  the 
influence  of  diet  on  the  causation  of  beriberi  is  correct.  It  must  be 
recognised,  however,  that  other  extensive  changes  wore  made  at  the  same 
time,  an<l  that  the  g«*neral  hygienic  conditions  were  vastly  improved. 
The  public<ation  of  Takaki's  views  and  statistics  led  to  a  careful  con- 
sideration of  the  diets  in  gaols  where  epidemics  were  frequent^  such  « 
those  in  Singapore  and  the  Federated  Malay  States,  but  in  spite  iA  dieti 
as  physiologically  correct  as  that  adopted  in  the  Japanese  navy,  outbreab 
of  beriberi  still  continue,  and  }>ear  little  or  no  relation  to  the  changes  in 
the  diets.  "  .Nitrogen  starvation,"  moreover,  is  common  in  all  countriei 
amongst  the  poorer  classes,  and  yet  beriberi  is  limited  in  ite  distribution. 

(2)  Arscniml  poisojiiiuj  was  suggested  by  Prof.  R.  Ross  on  account  of 
the  close  resemblance  between  the  neuritis  of  beriberi  and  that  occurring 
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the  drinkers  of  beer  contaminated  with  arsenic,  and  because  analyses 
^^  of  hair  of  beriberi  patients  have  in  some  instances  shewn  an  excess  of 
,—  mraenia  It  has  been  shewn,  however,  that  in  the  Singapore  gaol  all  the 
^^  articles  of  diet  were  free  from  arsenic  though  beriberi  was  prevalent  in 
the  institution  at  the  time  of  the  analysis.  The  occurrence  of  beriberi 
in  the  tin  mines  of  the  Malay  States  bears  no  relation  to  the  amount 
of  arsenic  in  the  mineral ;  and  in  a  mine  in  which  arsenic  is  abundant, 
.  .  .  the  Tamils^  though  equally  ex}>ose(l  to  risks  of  arsenical  poisoning,  almost 
IT  ~  iilTariably  escape  whilst  their  fellow-labourers  the  Chinese  are  attacked. 
_^_  Itisrare  for  arsenical  neuritis  to  occur  without  any  previous  symptoms 
._.  .  €f  arsenical  poisoning,  yet  in  beriberi,  symptoms  such  as  are  unquestion- 
r  ~  aWy  due  to  arsenic  are  extremely  rare.  The  skin  lesions  of  arsenical 
.  _  ~  poisoning,  for  example,  are  not  met  with  in  beriberi. 
.  -  .  (3)  Infected  or  decayed  food  is  by  many  considered  to  be  the  cause. 
.;i_  The  two  articles  of  diet  incriminated  are  fish  and  rice.  Fish,  whether 
_  _  .  wash  or  salt,  can  be  excluded,  because  during  some  of  the  prison 
_  -•pHemics,  such  as  that  in  Kwala  Lumpur  in  1900,  no  fish  at  all  was 
^     ••ten. 

.5^  Ricf  forms  a  large  proportion   of  the  simple  diets  adopted  in  all 

^-^.**opical  gaols,  and  in  many  it  is  the  only  cereal  consumed.     In  these 
*'**^'   »ns  outbreaks  of  beriberi   have  occurred    from   time  to  time,  quite 
itive  of  the  proportion  of  rice  in  the  dietary.     Without  any  change 
the  relative  amount  of  the  rice  or  other  food  constituents  an  epidemic 
\y  originate,  decline,  and  die  out.     If,  therefore,  rice  be  the  cause  of 
iberi,  it  is  not  a  question  merely  of  the  quantity  of  rice  consumed. 
It  of  the  amount  of  the  "  poison  '*  it  may  contiiin,  which   must  vary 
ktly.     This  "  poison  "  cannot  be  of  the  nature  of  a  living  germ,  for  in 
16  of  these  institutions  the  rice  is  boiled  under  pressure  and  has  been 
n  to  be  sterile  after  cooking  ;  moreover,  it  may  appear  sound  and  free 
visible  signs  of  disease  or  decay.     A  rice-conveyed  living  germ  or 
organic  poison  produced  by  gross  putrefaction  are  therefore  excluded. 
A  more  important  hypothesis  is  to  the  effect  that  rices  prepared  in 
in  ways  may  develop  a  poison  which  is  not  decomposed  by  boiling, 
that  this  poison  taken  continuously  in  small  quantities  causes  the 
itia.     Market    rice   before    it    is    husked    is    either    simply    dried  ; 
it  is  drie*i,  then   boiled  or   steamed,  and   again  dried   before  husk- 
The  forms  of  rice  suspected  by  the  advocates  of  the  rice  poison 
'iiypothesis,  notably  Braddon,  are   those  in  which  the    rice  is  prepared 
^*^lli  the  padi  by  husking  without  previous  lx)iling  or  steaming.     Braddon 
_^J**lieve8  that  the  husk  contains  a  fungus  which  is  able,  after  the  grain 
basked,  to  penetrate  into  the  bruised  and  decorticated  grains.      It  is 
ler  supposed  that  only  certain  crops,  or  the  rice  from  certain  phices, 
tain  this  fungus,  and  that  therefore  it  is  only  a  small  proportion  of 
eaters  of  this  class  of  rice  who  will  be  attacked.     In  support  of  this 
hypothesis  certain  well-ascertained  facts  are  cited,  such  as  the  comparative 
[Unity  of  the  Tamils,  who  steam  or  boil  the  rice  before  husking,  as 
with  the  Chinese,  who  use  rice  husked  without  previous  boiling. 
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Further,  in  a  fair  number  of  instances  an  outbreak  has  ceased  suddenly 
when  the  rice  has  been  changed.  But  sudden  cessation  of  epidemics  b 
so  common  in  the  histories  of  outbreaks  of  beriberi,  even  vrithout  any 
change  in  the  diet,  that  little  stress  can  be  attached  to  this.  In  m«jsi 
of  such  instances,  in  addition  to  the  change  of  nee  other  changes  affect- 
ing the  hygienic  condition,  and  particularly  affecting  the  possibilities  of 
infection,  had  been  made,  so  that  besides  the  change  of  rice  many  addi- 
tional factors  were  introduced  that  materially  detnict  from  the  significana 
of  the  observations.  In  several  instiinces,  such  iis  those  rcconled  bv 
Drs.  Travers,  Wright,  and  Durham,  two  groups  of  men  were  for  month* 
fed  oil  portions  of  a  mass  of  rice  cooked  in  the  same  place,  and  ret 
though  numerous  cases  occurred  in  one  group  there  were  none  in  the 
other.  In  view  of  the  import^ince  of  the  question  fin*ther  exjieriiDentt 
are  urgently  needed  on  a  large  scale,  and  under  conditions  sufficient  t« 
exclude  the  possibility  of  infection,  mediate  or  intermediate.  Careful 
cnticism  shews  that  the  available  evidence  in  favour  of  rice  a^s  an  essentia! 
cause  or  fis  containing  the  real  cause  of  the  disease  is  weak ;  and  there 
arc  so  many  facts  in  favour  of  the  opinions  that  either  infection  from  nwa 
to  man,  or  that  which  has  been  designated  "  place-infection,"  is  the  method 
by  which  the  disejise  is  spread,  that  in  the  absence  of  conclusive  evidence 
that  rice  is  a  factor  we  are  justified  for  the  present  in  disallowing  that 
hypothesis. 

(4)  Ground-,  cJtrfli-,  or  place-infection  has  many  advocates.      Instances 
in  which  successive  occupants  of  hotises,  or  even  beds,  have  been  attai'ked 
win  be  adduced.      In  some  institutions  beriberi  is  alway.s  present,  though 
varying  greatly  in  prevalence   from  time  to  time.     In  other  institution.' 
and  in  shi|>s  its  occurrence  year  after  year  has  been  noted  ;  in  othff 
instances    the    intervals    between    the    successive   reappearances    of  the 
disease    are    more    varialde    and    often    prolonge<L       Accoixling   to  tbi: 
hypoth<isis    the    earth    or   buildings   contjiin   a   germ    which    in    certain 
circumstances,    such    as    warmth    and   dampness,    multiplies ;    its   t«xic 
j)r()daots    ditfusing    are    absorbed    in    air,    food,    or    otherwise,    and  so 
cause  the  neuritis.     As  in  the  case   of  other  hypotheses  constructed  to 
suit  certain  j)()ints  in  the  etiology,  some  of  the  facts  are  not  completely 
explained  by  this  hypothesis.      Thus,  in  those  instances  in  which  the 
intervals  between  outbreaks  are  prolonged,  months  or  even  yciirs  inter- 
vening, the  infection  is  either  not  permanent,  or  if  permanent  is  only  active 
at  uncerUiin,  irregular  times,  which,  so  far  as  is  known,  are  not  obviously 
related  to  any  meteorological  or  other  condition.     Again,  in  some  jJao* 
for   example   certain    gaols,    the   occupants   of    the   ground -floor  do  not 
suffer  more   th.ui   those  on   the  first  or  second  floors,  an  occurrence  that 
is  diHi(Mdt  to  explain  on  the  supposition  of  an  infected  soil.      A  common 
argument  in  favrnu'  of  this  hy])f>thesis  is  that  recovery  is  more  certain  ' 
and  rapid  in  p<M'soris  removed  from  an  infected  locality,  and  nndoubtediv 
a  markedly  beneficial  eftect  often  follows  such  a  change  ;  but  it  i?  ^ 
essential  for  recovery,  and  in  many  instances  in  which  some  patients  havr 
been  removed  and  others  have  not,  recovery  hits  been  more  rapid  and  tlk.^ 
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-mortality  lower  among  those  remaining  in  the  infected  locality  than 
mongst  those  removed.  The  low  rate  of  mortality,  3-5  per  cent,  in 
umy  institutions  in  which  the  patients  are  not  removed  from  the 
Ddemic  area  tends  to  shew  that  continued  absorption  of  a  poison  does 
ot  occur. 

All  who  believe  that  some  kind  of  infection  is  at  work  in  beriberi 
(ill  admit  that  in  some  cases  the  infective  agent  remains  in  the  rooms 
ad  articles  of  personal  use  for  some  days  or  even  longer  after  the 
smoval  of  the  patient,  though  the  infective  agent  cannot  maintain  its 
xtra-corporeal  existence  for  an  indefinitely  prolonged  period  in  earth, 
Doms,  or  clothing.  There  is  nothing  in  the  hypothesis  of  place-infection 
iGompatible  with  the  observation  that  in  some  instances  the  disease  is 
Euried  from  one  place  to  another,  and  that  in  others,  as  in  the  case  of 
he  Japanese  coolies  in  Fiji,  though  introduced  in  this  manner,  its  spread 
I  extremely  limited,  for  all  soils  and  conditions  may  not  be  suited  for 
he  development  of  the  organism  producing  the  poison.  According  to  this 
ypothesis  the  organism  may  possibly  be  normally  present  in  some  soils, 
hough  it  is  certainly  not  so  in  most,  even  in  Asia.  This  hypothesis, 
ike  so  many  others,  does  not  explain  the  immunity  of  certain  races 
nd  classes,  such  as  that  of  the  Tamil  mining  coolies  in  the  Malay  States. 
[kmils  and  Chinese  work  in  the  same  or  in  closely  adjacent  mines,  and 
ive  in  similar  barracks  close  to  these  mines.  Beriberi  rarely  occiu^ 
mongst  these  Tamils,  but  the  Chinese  suffer  severely  from  it.  On  the 
tther  hand,  when  Chinese  and  Tamils  are  under  precisely  the  same  con- 
litions,  as  in  the  larger  prisons,  individuals  of  both  races  acquire  the 
lisease ;  the  immiuiity,  therefore,  is  not  racial. 

(5)  Personal  Infection, — The  hypotheses  based  on  the  belief  that  the  dis- 

Mo  spreads  from  man  to  man  are  constructed  on  analogies  with  other 

known  dise<ise8,  and  particularly  with  diphtheria.  Though  the  nerves  affected 

liffer  to  some  extent  in  diphtheria  and  in  beriberi,  the  nerve-changes  are, 

Mcording  to  Hamilton  Wright,  practically  identical  in  the  two  diseases. 

As  might  be  anticipated,  careful  search  has  been  made  for  some  primary 

leiion,  even  if  only  of  a  trivial  character,  to  correspond  with  the  throat 

condition  which  precedes  diphtheritic   paralysis.     The  gastro- duodenal 

condition,  considered  by  Hamilton  Wright  as  the  primary  lesion,  will 

be  discussed  later.      The  pharyngitis  suggested  by  Dr.  Durham  us  a 

possible  representative  is  too  inconstant ;  and  the  same  may  be  said  of 

vinous  oral  and  dental  conditions  met  with  in  some  cases  of  beriberi  and 

in  some  outbreaks  in  the  majority  of  the  persons  affected.     No  constant 

Jcrion  has  been  proved  to  precede  the  neuritis,  and  there  is  no  antecedent 

hoon  or  definite  condition  which  enables  us  to  predict  the  onset  of  the 

pMalytic  disease  we  know  as  beriberi. 

•     The  present  state  of  our  knowledge  only  admits  of  the  following  con- 

wosions  :  that  the  real  causal  agent  is  ciipable  of  transmission  by  man 

™o  p7ace  to  place ;  that  when  introduced  into  a  healthy  community, 

^f*  a«  the  inhabitants  of  a  gaol,  the  disease  spreads  to  a  limited  extent 

*0i  unless  fresh  cases  be  introduced ;  that  though  close  attention  to 

yoi^  n.—TT.  II  2  s 


6i6  SYSTEM  OF  MEDICINE 

hygienic  conditions,  especially  to  diet,  may  further  restrict,  it  does  nut  [it» 
vent  this  spread  ;  that  the  disease  is  not  conveyed  by  ajr  or  for  uiiy  dictum 
hy  water,  and  that  there  is  no  satisfactory  evidence  that  it  is  spr«id  hy  fcal 
contamination  of  food  or  water;  that  the  disappointing  results  of  diiinfM- 
ing  dwelling-places,  such  as  coolie-lines  or  prison-c«lls,  is  opposed  to  tbt 
opinion  that  the  disease  is  spread  by  inhalation ;  that  do  gros  le«ion  n 
a  constant  precursor  of  heriheri,  and,  therefore,  that  if  the  cause  of  tlw 
disease  be  a  micro-organism,  vegetable  or  animal,  it  must  be  one  (1m 
produces  the  neurotojdn  without  giving  rise  to  any  marked  and  ««- 
etant  local  lesion,  or  affecting  the  general  health :  that  it  would  tha 
resemble  some  other  diseases  due  to  nerve-poisons  in  which  the  prinui; 
lesion  may  he  insignificant  or  imperceptible,  as  in  some  c&«es  of  tetauL 
If  it  he  assumed  that  beriberi  is  a  germ  disease,  and  that  this  germ  ii 
Introduced  into  the  body,  it  may  be  that  it  produces  the  oharacteriKic 
lesions  by  moans  of  a  poison  elaborated  in  the  blood  or  in  the  conienM*' 
the  alimentary  canal. 

Infietitm  and  how  amveyed. — Assuming  that  beriberi  is  a  germ  diHU^ 
it  is  important  to  determine,  if  possible,  the  mode  in  which  the  iDlMtioi 
is  conveyed. 

In  many  instances  one  member  only  of  a  family  is  aUacked,  and  tm 
a  person  in  close  contact  with  those  attacked  may  entirely  e^WApe.  Bm 
beri  is  very  rare  amongst  medical  men,  hospital  attendants,  and  ptwa 
warders,  even  when  the  inmates  of  such  institutions  sufTcr  sevtrdy- 
Therefore,  if  beriberi  be  directly  communicable  from  man  to  man  it  an 
only  be  so  to  a  very  slight  extent ;  moreover,  this  mode  of  transini«»** 
does  not  explain  the  frequent  epidemics  or  the  irregularity  of  its  spTBiil  i** 
an  isolated  community. 

Our  knowledge  of  the  way  in  which  disease  is  conveyed  hy  intw 
mediate  hosts,  mainly  insects,  raises  the  question  whether  this  fom  erf 
infection  plays  any  part  in  the  ease  of  beriberi.      The  occumncc  c^* 
outbreaks  on  board  ships  at  sea  limits  the  possibility  of  such  a  forme** 
infection  to  a  very  few  insects.    Aa  possible  carriers  or  intermedijtti: ' 
mosquitoes  can  be  definitely  excluded.     In  some  of  the  gaols  moequil 
are  not  numerous  and  belong  to  well-known  domestic  species. 
fatigans  is  the  commonest,  hut  St»jmnyia  scuUUaris  or  fasciatit  and  Jb  _ 
romi  are  also  found.     Beriberi  is  unknown  in  many  places  where 
mosquitoes  occur.     A  hypothesis  based  on  the  idea  of  mosquito  infec*!*** 
does  not  explain  the  freedom  of  night-warders  and  of  other  gaol  offie*'*" 
nor  the  rarity  of  the  disease  among  the  Tamils  in  the  Malay  $t»t«i>l>^ 
sometimes  occnpy  with  impnnity  coolie-lines  near  those  crowded  wt* 
severely  infected  Chinese.    Most  of  the  biting  flies,  inoludin>;  "  saiid-fl)<^ 
can  also  he  excluded,  as  they  do  not  occur  in  some  of  ihe  priaom*  i" 
which  the  disease  prevails.     The  same  is  tnio  as  regards  ticks.     Of  crtb*' 
hlood-sucking  insects,  the  only  ones  that  need  be  considered  are  fl^ 
hed-hugs,  and  lice.     Fleas  can  he  excluded  as  they  are  extremely  I*" 
in  prison-cells  and  ships.     Bed-bugs  {Cimex  Udulariw)  are  not  ' 
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id  are  difficult  to  extirpate,  and  as  far  as  beriberi  incidence  in  prisons 
^^i^ncerned  they  might  possibly  be  the  carriers;  but,  in  the  Malay 
outside  the  prisons,  Tamils  and  Sikhs  are  at  least  as  much  infested 
these  pests  as  the  Chinese  who  suffer  from  beriberi.  The  weekly 
-weekly  oil  bath  taken  by  the  Tamils  is  no  protection  from  these 
its. 

tere  are  certain  facte  which  encourage  the  study  of  lice  as  possible 
emitters  of  beriberi ;  these  insects  are  found  in  all  races,  though  lice 
r  than  Pediculus  capitis  are  very  rare  in  the  Malay  States.  Pediculi 
stricted  to  certain  regions  of  the  body ;  Pediculi  capitis,  for  example, 
rarely  found  on  haiiy  parts  other  than  the  head.  The  variations  in 
and  markings  of  pediculi  infesting  the  different  races  of  mankind 
to  be  not  only  an  adaptation  to  surroundings,  but  may  imply  a  pre- 
ice  for  one  of  the  same  race  in  the  event  of  change  of  hosts.  The 
>ms  of  the  different  classes  of  a  community  as  regards  treatment  of 
^  lair,  use  of  oils,  frequency  of  washing,  and  so  forth,  may  vary  greatly, 
bx  1st  in  the  prisons  all  are  treated  alike.  Pediculi  only  occasionally  and 
sci.<3entally  change  their  hosts,  but  this  occurs  sufficiently  often  to  make  it 
•mble  that  these  insects  might  be  the  means  of  conveying  disease  to 
individuals.  The  persons  thus  infected  would  probably  be  of  the 
race  and  class  as  the  individuals  from  whom  the  lice  were  derived, 
the  treatment  and  character  of  the  hair  is  similar.  The  more 
krded  and  poorer  classes  would  necessarily  be  most  liable  to  be  infected 
B  t^hiB  manner.  Pediculi,  therefore,  appear  to  be  the  only  possible 
'^^^smitting  living  agents  of  beriberi.  There  is  no  proof,  however, 
ib^t,  it  is  so  conveyed.  The  most  that  can  be  said  in  favour  of  such 
^  l^y  pothesis  is  that  it  is  compatible  with  many  of  the  peculiarities  in  the 
rsCQi^  class,  and  sex-incidence  of  the  disease. 

The  possibility,  therefore,  that  the  virus  of  this  disease  is  conveyed  by 
pediculi  or  other  ectozoa  is  worthy  of  serious  investigation,  and  makes  it 
important  that  every  effort  should  be  made  to  exterminate  all  such  pests 
m  t.liose  institutions  and  communities  in  which  beriberi  occurs. 

Pathological  Anatomy. — The  morbid  changes  in  fatal  cases  of  beri- 

"beri  are  chiefly  in  the  nerves.     In  addition,  the  hydropic  form  shews  a 

general  serous  infiltration  of  all  the  connective  tissues,  and  increase — 

sometimes  to  a  very  considerable  extent — in  the  serous  exudation  in  the 

pericardial,  pleural,  and  peritoneal  sacs.     Small  ecchymoses  under  the 

gerom  membranes  are  not  uncommon,  and  are  probably  produced  during 

the  death  agony.     Occasionally  intramuscular  haemorrhages  and  smaller 

^^^^vasations  within  the  sheaths  of  the  nerves  are  met  with.     The  lungs 

•**  often   (edematous   and    flaccid,  even  shortly  after  death.     All   the 

^^ties  of  the  heart  are  dilated,  but  the  right  more  so  than  the  left.     A 

•J^^t  <iegree  of  hypertrophy  appears  to  be  the  rule,  as  the  weight  of  the 

5?f '    is  on  the  average  above  normal.     The  myocardium  is  fatty  and 

zf^'       There  are  no  characteristic  lesions  of  the  abdominal  viscera. 
jf^f^^  special  lesions  are  in  the  peripheral  nerves  and  in  the  muscles  sup- 
'^^^  them ;  they  closely  resemble  those  in  post-diphtheritic  paralysis. 
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The  later  and  coarser  lesions  were  carefully  studied  by  KHz,  Scbcalx^ 
Pekelharing  and  Winkler,  and  others. 

Hamilton  Wright  describes  the  histological  appearances  in  the  eulf 
and  rapidly  fatal  cases  as  consisting  only  of  slight  alterations  in  the  it^ 
cells  of  the  affected  neurons.  In  these  neurons,  in  preparations  stabed 
by  Marchi's  method,  there  is  only  a  slight  black  flecking  about  the  noda 
and  scattered  discretely  along  the  internodes;  no  coarse  chan^m 
apparent,  although  in  these  acute  cases  almost  eveiy  fibre  of  the  vip 
may  be  affected.  The  parent  cells  as  shewn  by  Nissl's  method  are  siroDa, 
the  nuclei  eccentric,  and  the  NissFs  bodies  in  the  processes  and  in  tbe 
periphery  of  the  cells  absent  or  altered.  The  changes  at  this  stage « 
so  slight  that  Wright  believes  complete  recovery  would  be  possible  if  ik 
causal  poison  were  removed  or  counteracted. 

In  a  rather  more  advanced  stage  he  describes  the  nuclei  as  beisf 
swollen  and  dislocated,  and  the  processes  denuded  of  Nissl's  bodies  ui 
almost  wholly  of  the  fine  deposit  derived  from  them.  The  central  SisiT* 
bodies  are  diminished  in  size.  In  the  dependent  fibres  the  altered myeh 
is  often  broken  up  into  fine  globules,  but  the  irregular  nodal  and  in» 
nodal  flecking  predominates.  The  imix>rtant  feature  at  this  stage  is  diA 
the  degree  but  the  extent  of  neuronal  change.  In  fact,  the  changes  intk 
vagal  cardiac  and  accelerator  fibres  are  so  widespread  that  the  freeii^fi' 
the  heart  from  its  nervous  control  results  in  death  before  sufiicient  ri* 
has  elapsed  for  more  advanced  nerve-changes  to  occur. 

In  the  more  advanced  stages  a  proportion  only  of  the  neurons  sR 
implicated,  and  many  seem  to  have  recovered  completely.  In  the  othff 
the  cells  show  extensive  changes,  the  nuclei  being  dislocated,  awl  ^ 
Nissl's  bodies  having  disappeared.  The  terminations  of  the  nenre^l** 
are  in  an  early  stage  of  atrophy — Wallerian  in  appearance.  The  myefc 
is  altered  and  broken  up  into  globules  more  or  less  coarse,  as  descA^ 
by  Scheube,  Pekelharing  and  Winkler,  and  others.  AMien  the  morbid  p 
cesses  have  advanced  to  this  stage,  recovery  of  the  function  of  the  affertrf 
neurons  is  impossible. 

The  changes  described  have  been  found  not  only  in  the  nerves  of  tk 
limbs,  but  also  in  the  pneumogastric  and  phrenic  nerves  ;  in  the  larriig* 
branches  of  the  former,  and  in  the  nerves  of  the  heart 

According  to  Pekelharing  and  Winkler,  the  sympaiheik  fibm"* 
numerous  in  the  pneumogastric — present  eWdence  of  implication  in  thff 
finely  granular  ap])earance  and  in  the  proliferation  of  their  nuclei.  Siniltf 
appearances  have  l)een  noted  by  Scheube  in  the  renal  sympathetic 

The  affected  musch's  are  usually  sodden  and  pale  ;  occasionally  in  tk* 
atrophic  forms  of  beriberi  they  are  dry  and  shining.     In  both  forms  th« 
individual  muscular  fibres  shew  granular  or  vitreous  degeneration,  »tri»" 
tion  being  faint  or  absent,  and  the  fibres  much  wasted  or  reduced  ^ 
sarcolenuna  only.     There   is  also  an  increase  of  nuclei,  together  ™^ 
overgiowth  of   interfjiscicular  connective    tissue,  particularly  along  tfc* 
course   of    vessels.       Young  muscular  fibres,   or  what  from  their  defc* 
striation  are  presumed  to  be  such,  are  often  visible  among  the  degene^ 
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I  fibres.  Evidence  of  myocardial  degeneration,  extremely  variable  in 
lint,  is  constantly  present,  and  here  and  there  among  the  muscular 
»  foci  of  inflammatory  infiltration  may  be  detected  with  the  micro- 
•e. 

Changes  in  the  alimentary  canal  have  been  described  as  possible  indica- 
3  of  the  primary  condition  to  which  the  nerve-lesions  are  secondary. 
n  time  to  time  many  observers  have  noted  in  some  cases  of  beriberi 
ngested  condition  of  the  stomach  and  other  parts  of  the  alimentary 
.1.  This  condition  was  carefully  studied  by  Hamilton  Wright,  who 
ribes  the  lesion  as  a  gastro-duodenitis,  the  mucosa  shewing  moderate 
;estion,  intense  inflammation,  or  hsemorrhagic  infiltration.  According 
his  observer,  in  all  cases  the  pyloric  end  of  the  stomach  and  the 
ulse  conniventes  of  the  duodenum  are  the  seat  of  discrete  or  more 
588  confluent  hsemorrhagic  extravasations,  or  the  crests  of  the  valvulse 
iiventes  are  deeply  injected.  When  these  changes  are  extensive  a 
layer  of  blood-stained  mucus  can  be  stripped  from  the  underlying 
osa.  Sometimes  the  changes  are  met  with  over  a  more  extensive 
•y  even  as  low  down  as  the  csecum.  In  these  affected  areas  the  same 
trver  also  describes  a  large  bacillus  with  rectangular  ends.  It  retains 
stain  when  treated  by  Gram's  method.  This  organism  has  not  been 
ited  and  has  not  been  found  constantly  by  other  observers  in  the 
les  or  in  the  contents  of  the  alimentary  canal.  Dr.  Hunter  considers 
le  organisms  to  be  a  secondary  invasion. 

Wright  maintains  that  gastro- duodenitis  is  present  in  all  eai-ly 
ie  cases,  that  it  disappears  in  a  comparatively  short  time  (often  two 
ks  or  less)  after  the  onset  of  the  nerve-symptoms,  and  that,  judging 
1  clinical  e>'idence — gastric  symptoms  and  epigastric  tenderness — 
•recedes  these  changes.  He  concludes  that  this  gastro -duodenitis 
le  primary  and  essential  lesion  in  beriberi. 

No  doubt  gastro-duodenitis  often  occurs  in  beriberi,  but  it  is  certainly 
invariably  present  in  the  early  stages,  as  Wright  asserts.    The  evidence 

*  the  morbid  changes  in  the  stomach  and  duodenum  are  a  necessary 
jursor  of  beriberic  paralysis  is  not  conclusive  ;  it  is  quite  possible  that 
condition  is  secondary  to  the  implication  of  the  pneumogastric  and  to 
passive  congestion  resulting  from  the  cardiac  dilatation  and  consequent 
Icward  blood-pressure. 

Symptoms. — ^The  onset  is  variable.  In  some  instances  the  paretic 
aptoms  appear  suddenly  with  at  most  an  ill-defined  prodromal  stage, 
ting  one  or  two  days,  during  which  the  patient  is  able  to  perform  his 
linary  work.  More  commonly,  before  an  attack  of  beriberi  is  fully 
slwed,  there  is  a  premonitory  stage  of  longer  or  shorter  duration.  For 
'flraj  days,  or  perhaps  weeks,  the  patient  feels  languid,  is  fatigued  and 

•  out  of  breath  on  slight  exertion,  perhaps  has  palpitation,  is  depressed 
^iriu,  and  has  feelings  of  numbness,  stiffness,  or  even  cramps  in  the 

w^hich  may  be  tottery  and  feeble.  Headache  is  not  uncommon, 
e  may  be  some  form  of  catarrhal  trouble,  rarely  diarrhoea,  more  often 
rpation  and  loss  of  appetite,  or  there  may  be  occasional  transient 
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flashes  of  fever,  or  what  seems  to  bo  an  attack  of  malarial  fever.  Cte 
some  days  the  patient  may  feel  comparatively  well  and  fit  for  vorl 
on  others  he  is  languid  and  lies  up.  He  may  notice  that  his  ankles  t» 
slightly  cedematous,  and  perhaps  that  his  face  is  puff'y. 

With  or  without  such  a  premonitory  stage,  symptoms  oi  pro- 
nounced peripheral  neuritis  appear.  During  several  days  the  symptone- 
are  gradually  intensified.  Sometimes  the  patient,  who  had  gone  to  M 
the  previous  evening  in  apparently  fair  health,  finds  on  waking  Mxi 
morning  that  he  is  hardly  able  to  walk  or  even  to  stand ;  his  to 
and  finger-tips  are  numb,  his  cjilf- muscles  are  tender,  and  he  is  cwi- 
scions  of  various  paraesthesiae — such  as  burning  and  tingling — in  fe«. 
legs,  and  arms  ;  the  ankles  and  shins  are  swollen,  and  the  hands  and  tut 
puffy.  Slowly  or  rapidly  these  symptoms  ])ecome  more  marked,  the  npdeiu 
l)ccomes  general,  the  loss  of  power  in  the  legs  becomes  almost  complete, 
the  arms  weak,  and  the  hand-grasp  enfeebled.  Palpitation  and  breaih- 
lessness,  with  substernal  or  epigastric  distress,  or  it  may  be  tenderness «« 
pressure,  recur  in  paroxysms  at  longer  or  short-er  intervals,  ami  tlie 
urine  may  be  reduced  to  a  few  ounces.  This  condition  may  be  further 
aggravated  by  cramps  in  the  calf-muscles,  which  are  now  stiff,  full  anJ 
in  many  cases,  though  not  in  all,  exquisitely  tender  when  pressed  a^inrt 
the  bone.  Usually  the  knee-jerks  c^annot  be  elicited  after  these  snnpton» 
have  continued  for  a  few  days  ;  in  the  early  stages  they  may  be  increawA 
and  sometimes  remain  so  for  three  weeks  or,  rarely,  longer. 

In  this  state  of  cedema,  of  partial  paralysis,  of  muscular  hypenesthau. 
of  cutaneous  anaesthesia  and  paraesthesia,  of  breathlessness,  of  palpitation, 
of  substernal  and  epigastric  distress  and  oppression,  the  patient  in»r 
remain  for  several  days,  weeks,  or  even  for  a  month  or  two.  His  appetite 
may  or  may  not  be  mat-erially  impaired  ;  he  finds,  however,  that  indulgaw 
in  a  full  meal  increases  tiie  epigastric  distress,  and  so,  as  a  nile,  be  cats 
somewhat  sparingly.  Digestion  is  fairly  well  performed  and  the  bowek 
are  regular,  if  anything  inclined  to  constipation.  The  intellect  is  in  w 
way  disturl>cd,  and,  as  a  rule,  there  is  no  fever.  He  converses  freelr.awl 
when  not  troubled  with  cmmps,  myalgic  pains,  palpitation,  or  dyspwt*. 
his  state  is  by  no  means  uncomfortable.  After  a  variable  period,  dnriof: 
which  ho  has  ups  and  downs,  he  begins  to  pass  urine  more  freely,  and  at 
the  same  time  the  cedema  begins  to  subside.  In  severe  cases,  as  the 
(i?dema  disiippears,  it  l)econies  manifest  that  the  muscles  of  the  legs  and 
arms  have  undergone  marked  atrophy,  sometimes  to  such  an  extent  tbi 
the  whilom  muscular  coolie  is  reduced  almost  to  a  skeleton.  He  lies  in 
his  bed  i\\\\x.<^  unable  to  move,  or  he  may  just  be  able  to  creep  dowk 
about  >nth  the  aid  of  a  stick,  or  by  clinging  to  the  furniture  and  wait 
for  support.  He  has  no  knee-jerk,  he  cannot  stand  with  his  eyes  ?bnt, 
his  muscles  are  still  very  siMisitive  to  ])ressui'e,  the  skin  over  the  shiitf 
and  the  finger-tips  is  still  numb,  he  buttons  his  clothes  with  diffioolty, 
and  he  walks,  if  walk  he  can,  like  a  patient  with  locomotor  ataxia.  In 
such  cases  there  follows  a  long  peiiod  of  weeks  or  months  duiing  whiih 
the  muscles  arc  slowly  restored,  the  hand-grasp  gradually  returns,  the 
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r  of  locomotion  elowly  improves,  laet  of  all  ibo  knee-jerk  reappears, 
int  this  may  not  be  for  very  many  months,  perhapa  for  a  year  or  longer. 
Such  is  a  brief  description  of  an  uncomplicated  attack  of  beriberi.  There 
is  a  moderate  amount  of  cedema,  of  anffisthesia,  of  muscular  hypenesthesia, 
»nd  of  paresis.  There  are  occasional  attacks  of  palpitation  and  of  epi- 
gastric oppression.  After  a  time,  as  the  cedema  sulfides,  evidence  of 
extensive  muscular  atrophy  is  disclosed,  and  during  a  prolonged  oon- 
Taleocence  the  wasted  muscles  are  slowly  restored. 
^_  But  this  description  by  no  means  applies  to  all  cases.  During  an 
^Bj^emic,  and  constantly  in  the  endemic  regions,  every  imaginable  variety 
^^bd  modiiicAtion  of  the  essential  symptoms,  both  as  regards  intensity  and 
^pombination,  is  encountered.  In  one  case  the  dropsy  may  be  excessive, 
iovoh-ing  the  trunk,  limbs,  and  face,  as  in  acute  nephritis.  Often  in 
such  a  ease  the  muscular  paresis  is  really  but  slight,  the  principal 
hindrance  to  movement  being  the  dropsy  or  the  dyspncea.  Again,  the 
brunt  of  the  disease  may  fall  on  the  muscles,  which  rapidly  waste ;  the 
patient  in  a  few  weeks,  witt  scarcely  any  accompanying  redema  or  but 
It  mere  trace  over  the  libite,  may  be  rapidly  reduced  to  a  skeleton, 
jwralyHed  in  legs  and  arms,  perhaps  unable  to  move  hands  and  feet  or 
even  fingers  or  toes.  In  a  third  case  the  more  urgent  and  striking 
symptoms  may  be  referable  to  implication  of  the  pneumogastric  and 
phrenic  nerves ;  in  such  cardiac  oppression,  palpitation,  dyspnfea,  and 
saV>stemal  pain  are  the  prominent  features. 

In  some  epidemics  the  vast  majority  of  the  cases  are  of  a  much 
milder  type.  The  patient  may  be  walking  about.  The  cedema  may  be 
slight  and  limited  to  the  lower  extremities  and  confined  to  the  anterior 
tibial  region.  The  paresis  is  not  sufficiently  marked  to  produce  any 
definite  modification  of  the  gait,  and  only  shews  itself  objectively  by  im- 
paired power.  Cardiac  symptoms  may  be  limited  to  increased  excitability 
of  the  cardiac  action  on  exertion.  This  class  of  case  appears  to  be  more 
common  now  than  formerly,  and  where  it  prevails  the  mortality  from  the 
disetue  is  low — only  2  to  4  per  cent,  it  must  not  be  forgotten,  however, 
that  even  in  these  cases  exacerbations,  with  severe  or  even  fatal  cardiac 
complications,  may  occur  quite  suddenly  and  unexpectedly. 

A  rarer  class  comprises  the  most  severe  and  fulminating  cases,  in 

which  the  prieiunogastric  is  early  and   severely  implicated.      In   these, 

cardiac  oppression,  palpitation,  dyspncea,  and  substernal    pain  are   the 

prominent  symptoms,  and  death  may  occur  within  a  few  hours  of  the  first 

definite  symptoms  of  the  ilisease. 

^^      Between    these    main    classes    there    are    Intel-mediate    forms,    and 

^BBmeroiis  classifications  have  been  made  according  to  the  prominence  of 

^Hhs  or  other  symptom  of  the  disease.     One  of  the  most  variable  features 

H(  the  amount  of  cedema.     Cases  in  which  the  paretic  symptoms  and 

muscular  wasting  are  marked,  and  the  cedema  slight  or  transient,  are 

often  desciiVied  as  "  dry,"  paralytic,  or  atrophic  beriberi  (beriberi  atrophica). 

In   other    instances    tlropsy    is    the    prominent    feature,    and    may    be 

)  pronounced   as   to  simulate,   as  already  mentioned,  a  case  of  acute 
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nephritis.  These  uiaes,  with  general  cederan,  are  known  ns"wet'iir 
"tiropaieal"  beriberi  (beriberi  hydrops).  In  the  later  stages,  when  the  dix^ 
haa  disappeared,  such  cases,  since  they  now  shew  only  the  wasting,  appeir 
to  be  "  dry  "  beriberi.  The  distinction  between  the  two  form*  is  «ti 
ficial,  and  the  terms  are  only  to  be  uaed  aa  descriptive  and  not  lu  imply- 
ing any  real  or  essential  difference.  Bapidly  fatal  caaea  are  often  callat 
"  pernicious,"  whilst  the  milder  forms  in  which  all  the  signs  are  slight  Ul 
sometimes  described  as  "larval  "or  "  nidimentary."  "Chronic,"  "acnw,' 
"relapsing,"  or  "recurring"  are  also  naed  as  deacriptivo  terms  in  the 
classifications  of  the  forms  in  which  the  disease  appeai-s.  As  with  tb 
expressiona  "  wet "  and  "  dry  "  beriberi,  these  terms  indicate  only  pliuo 
of  the  same  diseaae  and  not  different  diaeaaea,  and  fiirther,  it  mint  in 
remembered  that  the  phases  indicated  are  not  aharply  defined  orsepUBbls 
one  from  another.  Moreover,  any  one  form  may  rapidly  assume  the 
characters  of  another  form.  The  "wet"  may  change  into  the  "dry"  swi 
vice  versa.  The  chronic  may  acquire  acute  characters,  and  any  funn 
may  rapidly  develop  pemicions  symptoms. 

Hamilton  Wright  has  laid  great  atresa  on  the  essentially  aecondary 
nature  of  the  nerve-lesions  responsible  for  the  group  of  varying  svnpuaw 
hitherto  known  aa  beriberi.  He  proposes  to  apply  the  term  "  po«t-b«ri- 
berio  residual  paralysis  or  neuritis  "  to  the  usual  clinical  form  of  boiikri- 
The  precursory  disease,  acute  beriberi,  according  to  him,  comprise!  tli» 
supposed  primary  lesion,  the  "  gaatro-duodenitis  "  already  monlioDed,  ilw 
formation  of  a  toxin,  and  the  action  of  this  toxin  on  the  nerves. 

In  proceeding  with  a  somewhat  more  detailed  account  of  the  symptmB 
of  beriberi,  we  note  first,  that  there  is  no  unquestionable  evidence  Urt 
any  of  the  higher  nerve-centres  are  ever  attacked.  The  mental  fKolM* 
are  not  markedly  affected  until  perhaps  the  patient  is  dying ;  and  fith 
very  rare  exceptions  there  is  no  implication  of  the  centres  ot  nirr* 
of  sight,  hearing,  smell,  or  taste;  nor,  with  the  exception  of  wsatin^irf 
the  subcutaneous  fat  in  certain  caaes,  and  aome  I'are  forms  of  erythenut'n* 
eruptions  in  others,  is  there  any  evidence  of  the  trophic  lesions  of  l^ 
integuments  that  ai-e  usually  associated  with  spinal  diseaae.  Bed-«or* 
for  example,  occur  in  neglected  cases  only.  Scheube  records  a  csM  <" 
what  may  have  been  a  trophic  joint-lesion  ;  but  such  caaea  are  extreody 
rare. 

The  lesions  of  beriberi  are,  all  of  them,  such  aa  we  are  accastomff'  ^ 
associate  with  secondary  disease  of  the  peripheral  ner^-oua  syBte* 
Easentially  they  are  of  the  same  class,  and  many  of  them  identical  *i'" 
those  found  in  alcoholic,  diphtheritic,  and  other  forms  of  peripheral  DtUTtUf' 
Just  as  there  is  a  tendency  for  each  of  these  specific  forms  of  nennl" 
to  display  a  more  or  leas  characteristic  grouping  of  symptoms  pccnlitr"* 
itself,  and  just  aa  the  poison  of  each  of  these  diseases  shews  n  iiredilectl''' 
for  particular  groups  of  nerves,  so  beriberic  neuritis,  whilst  it  pre**"" 
many  features  in  common  with  the  other  forma  of  peripheral  nenfl"* 
presents  special  features  more  or  less  distinctive  and  peculiar  to  itselt 
~  It  is  bv  no  means  established  that  fever  i  "~ 
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feature  in  the  history  of  beriberi,  although  it  may  be  present 
ime  or  another  in  the  course  of  many  of  the  cases.  Occasionally 
iupervenes  on  a  malarial  attack,  or  develops  in  the  course  of  such 

j  at  other  times  malarial  fever  may  come  on  soon  or  long  after 
ked  beriberi  is  established.  We  have  observed  in  cases  of 
shewing  these  intercurrent  attacks  of  fever,  that  the  symptoms 
is  were  aggravated  after  the  febrile  bouts.  In  chronic  cases 
no  fever,  or  only  as  a  coincidence ;  often  the  temperatiu'e  is 
d,  as  it  certainly  is  in  all  cyanotic  or  moribund  cases. 
m, — The  extreme  liability  to  oedema  is  one  of  the  peculiarities 
ric  neuritis ;  comparatively  rare  in  other  foims  of  peripheral 
oedema  is  an  invariable  feature  in  every  well-marked  attack 
ri,  either  throughout  or  at  one  time  or  another.  It  always  com- 
1  the  lower  extremities,  usually  over  the  crest  or  inner  surface  of 
and  about  the  ankles.  It  may  be  trifling  in  extent  and  confined 
'egions ;  on  the  other  hand,  it  very  often  extends  to  the  dorsa  of 
and,  spreading  upwards,  gradually  or  quickly  involves  thighs, 
ice,  and  upper  extremities,  sometimes  attaining  an  extreme 
Moderate  oedema,  besides  its  invariable  situation  on  the  shins,  is 
est  marked  about  the  flanks,  the  sacrum,  the  root  of  the  neck, 

the  sternum.     The  degree  of  swelling  may  vary  from  day  to 

the  touch  the  oedema  may  feel  firmer,  and  pit  less  readily  than 
nated  with  kidney  disease.  It  also  differs  from  renal  and  cardiac 
tiasmuch  as  it  less  frequently  involves  the  genitals  to  a  great 
A  peculiar  form  of  localised  oedema  is  sometimes  met  with, 

about  the  hands  and  arms ;  a  limited  and  sharply  defined 
integument,  some  four  or  five  inches  or  more  in  diameter,  is 
it  to  a  great  extent.  These  localised  swellings  may  develop  in 
e  of  a  few  hours,  and  disappear  as  suddenly.  In  some  cases  the 
recedes  by  a  few  days  the  paresis  and  anaesthesia. 
^ — The  development  of  a  high  degree  of  oedema  always  coincides 
minution  in  the  quantity  and  with  a  rise  in  the  specific  gravity 
rine.  But  the  increased  specific  gravity  is  not  proportionate  to 
lished  amount.  The  total  solids  are  considerably  below  normal ; 
;  to  Scheube  the  chlorides  are  proportionally  less  diminished  than 
,  especially  when  there  are  extensive  serous  effusions.  When 
n  takes  place  the  urinary  solids  reappear  in  proportionately  larger 
B.  According  to  the  same  authority  the  excretion  of  phosphates 
sed.  Balz  states  that  there  is  excess  of  indican,  but  indicanuria 
imon  in  the  tropics  that  no  importance  can  be  attached  to  thi& 
lam,  who  has  confirmed  and  extended  these  observations,  sums  up 
5ect  that  the  metabolism  in  beriberi  is  seriously  diminished,  and 

that  the  contributing  organs,  for  example  the  liver,  are  dis- 
1  their  output.  This,  he  points  out,  is  in  accordance  with  the 
i  patients  may  complain  of  illness  before  the  onset  of  marked 
18  or  of  the  involvement  of  the  peripheral  nerves.  The  urine  may 
ed  to  a  few  ounces,  and,  in  rare  instances,  there  is  complete  sup- 


pression.     Although  it  occ8^ionally  coiit^inB  Bibiimiii,  this 

nnd  not  a  common  feature.     With  active  diuresis  the  oKlema  may  enliitij 

disappear  iu  a  day  or  two. 

The  anastkesia  varies  in  extent  and  degree  within  very  wide  liimU. 
In  the  great  majority  of  cases  it  is,  like  the  (edema,  an  early  nanilefB' 
tion,  and,  as  a  rule,  is  best  marked  and  first  detected  over  the  front  tai 
inner  aspect  of  the  legs.  In  mild,  and  sometimes  even  in  severe,  oN* 
it  may  not  extend  further.  Usually,  however,  it  creeps  downwardi  ota 
the  dorsa  and  perhaps  the  soles  of  the  feet,  and  upwards  over  the  thi^ 
particularly  on  their  inner  and  anterior  surfaces,  sparing  the  grdu, 
perineum,  and  genitals.  At  an  early  stage  it  appears  on  the  inner  tar- 
face  of  the  wrists,  the  backs  of  the  hands,  the  fingers,  Gnger^p^  mi 
palms,  attacking  them  in  the  order  stated.  It  may  creep  up  the  inner 
surface  and  back  of  the  arm  and  involve  the  elbow.  In 
skin  over  the  chest  and  abdomen  is  also  affecWd.  Oljservers  in  Japu 
agree  in  describing  a  circle  of  aniesthesia  ai'ound  the  mouth,  and  tbisW 
1>een  noted  elsewhere.  The  aneesthesia  usually  amounts  merely  V)  t- 
blunting  of  sensibility  and  a  delay  in  perception.  Tlie  patient  wbeo 
touched  feels  as  if  a  glove  or  piece  of  cloth  were  intei-poscd.  On  bnw 
tested  with  an  eesthcsiometer  the  tactile  areas  are  found  to  be  enkrgM 
In  rare  cases  the  aniesthesia  is  complete.  The  perception  of  chemiGil 
electrical,  thermic,  and  painful  stimuli  is  also  diminished  and  delayed  in 
the  implicated  areas.  It  is  further  to  be  noted  that  the  patch*  of 
aniesthesia  ,>ire  not  in  conformity  with  the  anatomical  distribnlion  vt 
particular  nerves ;  that,  though  usually  symmetrical,  the  nn:estheai«  mj 
in  rare  cases  be  limited  to  one  side  of  the  body  ;  that  in  cortaiD  tun 
the  finger-tips  are  the  parts  first  or  most  involved ;  that  the  degne  d 
anaesthesia  varies  from  time  to  time  in  the  same  case ;  that  it  is  mM 
marked  in  atrophic  beriheri ;  and  that  its  degree  and  extent  are  w* 
always  proportional  to  the  gravity  of  the  case.  Hyprrinthetia  d  4» 
skin  has  been  noted  (Scheube) ;  it  is  a  very  unusual  condition.  J*** 
thesias  —  such  as  burning,  pricking,  formication,  gnawing,  darting  J^ 
coldness,  a  feeling  as  if  the  affected  part  were  swollen — may  [>rec«d*K 
accompany  the  other  symptoms  and  prove  very  distressing. 

Paffsis  t«  a,  greater  or  less  extent  always  affects  the  mnscles  o(  ifc* 
legs,  and  very  often  of  the  arms  and  hands ;  less  frequently  tbow  Of  At 
trunk  and  face ;  very  rarely  those  of  the  eye ;  and  still  more  mrelj  ^ 
ster no- mastoid,  the  trapezius,  and  the  muscles  of  mastication  imd  ilepM- 
tion.  .\s  a  rule,  the  muscles  supplied  by  the  peroneal  and  Kawruf 
tibial  nerves  are  first  affected,  then — and  for  the  most  part  in  the  on'' 
mentioned — those  of  the  calf,  the  extensors  of  the  knee,  the  glutei,  ^ 
flexors  of  the  knee,  the  adductors  and  flexors  of  the  thigh.  Coincidnitly 
with  the  apf)earance  of  paresis  in  the  thigh,  the  miiscles  of  the  fo««i» 
and  arms  are  attaeketl,  including  the  extensors  of  the  wrist  and  finjp* 
the  supinator  longus,  the  triceps,  the  Hexors,  and  the  small  muscle  <■ 
the  bands  and  fingers.  Then  the  abdominal  muscles,  the  pectoral*.  1^ 
intercostals,   the  laryngeal    muscles,  and   the  diaphragm  may    "  ~^' 
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icome  affected.  The  heart,  too,  as  shewn  by  subjective 
y  generally  more  or  less  implicated,  and  careful  examina- 
bly  shewn  that  the  muscular  structure  of  this  organ  is 
>ower  of  locomotion  is  impaired  in  due  relation  to  the 
s.  In  mild  beriberi  the  patient  can  walk  with  or  with- 
a  stick ;  the  legs  may  feel  a  little  weak  and  tottery,  but 
Etrms  are  hardly  affected,  and  the  patient  can,  therefore, 
w^ith  a  stick  or  in  other  ways.  Generally  the  hand- 
)r- power  are  decidedly  impaired.  In  cases  of  greater 
ily  is  locomotion  impossible,  but  practically  all  move- 
yance,  except  perhaps  those  of  facial  expression  and  the 
he  eyes,  and  those  associated  with  speech,  mastication, 
respiration.  Not  only  may  the  paralysis  of  the  limbs  be 
at  of  the  trunk  may  be  equally  marked.  In  such  a  case 
y  possible,  owing  to  the  paralysis  of  the  Iar3n3geal  muscles 
reed  expiration ;  speech  may  be  reduced  to  a  whisper ; 
5  the  feet  fall  into  the  equino-varus  position  in  line  with 
hands  drop  at  the  wrists.  The  patient  may  be  entirely 
slightest  movement,  so  that,  atrophied  and  helpless,  he 
>ack  in  bed,  and  is  entirely  dependent  on  others  even  for 
od  in  his  mouth. 

y  writers  allude  to  the  gaii  in  ber^)eri  as  quite  charac- 
o  features  so  special  that  it  can  be  distinguished  from 
forms  of  peripheral  neuritis.  In  walking,  the  toes  are 
sis  of  the  flexors  of  the  foot,  to  brush  the  ground  when 
made  to  raise  and  advance  the  foot.  This  is  extremely 
milder  forms  of  the  disease.  In  more  severe  cases,  in 
isors  of  the  foot  as  well  as  the  flexors  of  the  leg  and 
ivolved,  the  heel  can  no  longer  be  raised.  Consequently 
itill  possible,  degenerates  into  a  sort  of  shuffle,  and  is 
forwards  of  one  side  of  the  body  with  the  correspond- 
one  side  then  of  the  other,  than  a  walk.  In  bad  cases 
'e  recourse  to  various  contrivances  to  facilitate  locomo- 
ly  mentioned,  some  help  themselves  along  by  clinging  to 
others — their  legs  well  apart — lean  with  both  hands 
:  which  is  thnist  out  in  front  of  them,  and  towards 
g  themselves  whilst  leaning  their  weight  on  it;  some 
;aining  considerable  power  in  their  arms,  but  completely 
)ir  legs  and  quite  unable  to  stand,  by  placing  their  hands 
hind  them  and  sitting  half  up,  contrive  to  push  themselves 
itude. 

c  patients  can  stand  for  any  length  of  time  with  eyes 
th  feet  closely  approximated,  and,  like  an  ataxic  patient, 
oul<l  fall  if  unsupported.  Doubtless  imperfect  perception 
3  well  as  muscular  weakness,  play  some  part  in  this  ;  very 
often  an  additional  element  of  inco-ordination  superadded, 
arms  exhibit  similar  muscular  incapacity,  though,  as  a 
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rule,  in  a  relatively  slighter  degree.  Thus  the  weakening  of  the  b^ 
muscles,  together  with  the  blunting  of  sensation  in  the  finger-tipmi 
slight  inco- ordination,  may  render  buttoning  and  unbuttoning  ol  ib 
clothes  difficult  or  even  impossible,  while  writing  and  other  ddieik 
movements  may  be  out  of  the  question.  When  the  abdomiiud  ui 
[)erineal  muscles  are  seriously  implicated,  any  attempt  to  cougfa  nob 
in  the  unsupported  diaphragm  being  forced  down  and  projection  of  tk 
anterior  abdominal  wall,  the  perineum  being  manifestly  bulged  doii' 
wards  at  the  same  time.  In  such  circumstances  it  is  ob\'ioos  tk 
defecation  and  micturition  may  be  seriously  interfered  with,  altlwjj 
the  sphincters  are  not  affected.  During  recovery  there  is  sometiBeii 
spastic-like  movement  of  the  muscles — particularly  of  the  legs.  Oocwiiii- 
ally,  as  a  sequel  of  the  muscular  degeneration,  permanent  weakening^ 
the  foot  flexors  occurs;  and,  as  a  result  of  a  consequent  contractioK' 
the  gastrocnemii,  even  organic  and  permanent  retraction  of  the  heds  af 
result. 

Hi/percesthesia  of  the  affected  muscles  is  always  present,  somediMi 
in  a  very  marked  degree,  so  that  squeezing  or  pressure  against  undaiT- 
ing  bone  is  painful,  and  may  be  so  severe  as  to  make  the  patient  err  o^ 
or  be  quite  unbearable.  This  symptom,  which  is  most  easily  elicited  intW 
gastrocnemii,  the  thenar  muscles,  and  in  those  of  the  thigh  aud  foraA 
is  of  great  practical  use  in  diagnosis. 

Cramps  sometimes  occur,  especially  at  the  outset,  and  may  come  «• 
spontaneously  at  any  time,  but  are  most  frequent  during  the  nigkt  or  oi 
movement.  In  rare  instances  the  muscles  may  be  thrown  intoastitt^ 
tetanic  contraction ;  a  concuJsive  form  of  berilM5ri  has  been  described,  ui 
opLsthotonm  has  also  been  observed. 

Atrophf/,  as  a  rule,  rapidly  supervenes  in  the  paretic,  hypenHSthea^ 
and  flaccid  muscles,  and  is  generally  very  evident  on  the  subaidew 
of  the  <edema  in  hydropic  beriberi,  and  almost  from  the  outset  ■ 
the  atrophic  form.  The  wasting  is  often  extreme,  and  restoratioD* 
but  slowly  effected,  many  months  elapsing  before  the  process  is  fl* 
plete.     Occasionally  one  or  more  muscles  are  permanently  atrophied. 

Swelling  of  the  muscles  has  sometimes  been  observed ;  in  these  a* 
the  bellies  and  outlines  of  the  muscles  are  prominent,  and  the  jatia^ 
though  excessively  feeble,  may  have  the  appearance  of  an  athlete.  T» 
condition  appears,  in  most  instances,  to  depend  on  oedema  of  the  c* 
nective  tissue  of  the  muscles ;  in  a  few  cases,  possibly  on  vascular  «■• 
gestion.  Circumscribed  swellings  are  not  infrequent  in  some  of  t* 
muscles,  particularly  in  the  inner  belly  of  the  gastrocnemii,  but  th* 
exact  nature  has  not  been  detenuined. 

The  reiution  of  dcgeneraikni  can  be  demonstrated  throughout  tie 
disease  ;  according  to  Pekelharing  and  Winkler  changes  in  the  electiW 
reactions  oixn  be  found  even  before  the  onset  of  any  other  symptom  • 
impending  beriberi.  Tenderness  of  superficial  nerve -trunks  can  «■*■ 
times  be  elicited.  The /r^i^^-^Vr/:  is  almost  always  altered;  in  early  c>*^ 
it  is  frequently  exaggerated,  but  ultimately,  with  rare  exceptions,  it  • 
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.  The  superficial  reflexes  are  usually  preserved,  but  in  high  degrees  of 
)phic  beriberi  they  are  also  for  a  time  abolished. 
Inflammatory  swelling  of  the  lymphatic  glands  of  the  groin,  according 
Scheube  and  others,  occasionally  occurs.  Bentley  states  that  con- 
ion  of  the  fauces^  sometimes  very  intense,  is  almost  invariably  present ; 
lome  epidemics  in  Malaya  this  condition  was  the  rule,  in  others  it 

rarely,  if  ever,  seen.     Paralysis  of  the  soft  palate  has  been  observed. 
Hie  blood  is  said  to  be  defective  in  alkalinity;  but  this  statement, 

many  others  regarding  the  chemical  alteration  in  the  blood,  must  be 
sived  ^ath  caution.  Many  careful  and  reliable  estimations  of  the 
[>QBCular  richness  and  of  the  haemoglobin  of  the  blood  have  been 
ie ;  the  opinion  of  all  the  later  observers  is  that,  although  beriberi 
y  be  accompanied  by  anaemia,  in  a  large  proportion  of  the  cases  the 
pUBCular  richness  of  the  blood  is  perfectly  normal.  As  a  cause  of 
emia  the  poison  of  beriberi  is  much  weaker  than  that  of  malaria  or 
m  of  rheumatism. 

The  pulse,  usually  accelerated,  is  exceedingly  sensitive  to  exertion, 
sa  to  change  of  posture.  Scheube  remarks  that  in  bad  cases  slowing 
the  pulse  may  occur  before  death,  and  gives  two  examples,  in  one  of 
ich  the  pulse  fell  in  five  days  from  120  to  54,  in  the  other  from  104 
20,  The  finger  and  sphygmograph  shew  low  arterial  blood-pressure 
1  diminished  cardiac  power. 

Cardiac  murmurs,  usually  systolic,  are  present  in  a  large  proportion 
cases ;  occasionally  there  is  accentuation,  very  often  reduplication,  of 
\  sounds.  Pulsations  in  the  veins  of  the  neck  is  also  common,  and 
probably  the  result  of  tricuspid  insufficiency  from  dilatation  of  the 
ht  ventricle.  Epigastric  pulsation  is  common.  Palpitation  is 
m  the   most   troublesome   of  all  the  symptoms.      It  is   provoked 

exercise,  by  eating,  sometimes  even  by  rising  up  in  bed,  and 
Bsionally  is  persistent.  It  is  usually  worst  at  night  or  in  the  morning, 
I  is  often  accompanied  by  intense  dyspnoea.  Cardiac  oppression  is 
3n  a  very  urgent  subjective  phenomenon,  and  may  occur  independently 
palpitation.  Frequently  also  there  is  a  feeling  of  fulness  amounting 
pain  in  the  region  of  the  stomach ;  this  is  possibly  connected  with 

state  of  the  heart  or  with  some  condition  of  the  diaphragm.  Dilata- 
1  of  the  heart  to  the  right,  as  shewn  by  percussion  and  diffusion  of 
mlse,  is  often  very  evident,  and  may  be  associated  with  extreme 
ipnoea,  cyanosis,  and  other  indications  of  failing  cardiac  power. 

Vomiting,  unconnected  with  digestion,  and  aphonia  indicate  implica- 
1  of  the  pneumogastric,  and  should  always,  particularly  the  former 
iptom,  be  regarded  as  of  grave  import.  Diaphragmatic  aiul  inter- 
it  paralysis  is  not  uncommon. 

Serous  effusion  into  the  pericardium  is  by  no  means  rare,  but  is 
lorn  80  extensive  as  to  be  in  itself  a  source  of  danger.  Hydrothorax 
» occurs,  but  it  is  very  seldom  that  it  is  sufficiently  large  to  give  rise 
grave  symptoms ;  in  fact  this  result  is  even  rarer  than  in  the  case  of 
Iropericardium.      Ascites,  to  a  notable  extent,  is  rarer  than  either. 


638  SyST£M  OF  MEDICINE 

(Eilenui  of  the  lungs  is  very  apt  to  occur  in  the  hydropic  form  d  Im 
beri,  and  is  frequently  the  iiumediato  cause  of  death.  Its  on 
shewn  by  increasing  dyspntea  uccornpanied  by  cough  luid  fruUif  u 
pectoration,  and,  if  the  patient  live  long  euougb,  by  tine  moUt  enget^ 
lions. 

Digestion  is  uaually  feeble  and  the  stomach  dilated.  A  fuU  ii 
nirty  cause  diatreaa  from  pressure  of  the  distended  stomach  on  the  wcalnud 
heart ;  it  is  probably  for  this  reason  that  rice  and  other  bulky  foods  irt 
ill-borne  in  beriberL  Diairbo^a  sometimes  occurs  at  the  ouUet,  but  tun 
commonly  there  is  constipation ;  in  the  later  stage  of  hydropic  beriberi 
constipation  is  often  a  marked  feature. 

Mode  of  Death  in  Bfriberi.—\n  the  progress  of  a  case  of  iKnheri,  in 
matter  how  trifling  it  may  appear,  symptoms  indicating  gre&t  dupt 
may  set  in  suddenly  and  at  any  momeut.  This  may  be  within  a  dif  « 
two  of  the  commencement  of  the  attack,  or  it  may  not  bo  for  one,  Vn, 
or  more  months.  The  threatening  symptoms,  for  the  most  paH,  app 
to  depend  on  extension  of  disease  to  the  pneumognstric  or  |ihn 
nerves,  on  the  occurrence  of  redenui  of  the  lungs,  on  the  developmmt  of 
extensive  Uydropericardium,  or,  it  may  be,  on  a  combination  of  two  a 
more  of  these  conditions.  In  the  great  majority  of  cases  the  p(u^ 
cipal  factoi'  in  tlie  fatal  event  is  the  paretic  condition  of  the  heuc 
when  tliis  is  marked,  a  very  slight  increase  of  other  unfuToiinU* 
conditions  may  turn  the  scale  and  bring  about  fatal  over-disteiiaion. 
rare  caaea  death  may  occur  from  sudden  syncope ;  usually,  botreTV,  i> 
is  the  result  of  the  slower  process  of  dilatation.  As  this  adi'ancw,  tfcft 
patient  is  seized  from  time  to  time  with  agonising  dyspnoyi ;  hu  nU  n; 
in  bed  and  atrngglcs  for  breath,  his  face  is  cyanosed,  his  evclwdls  lUn 
out  of  his  head,  and  bis  cervical  vessels  pulsate  visibly.  Thu  boot'' 
action  is  excited,  labouring,  and  at  the  same  time  inefficient;  th( 
impulse  is  diffused,  and  is  communicated  to  the  epigastrium.  Perci 
shews  that  the  right  auricle  and  ventricle  are  dilated,  and  load  mm 
indicate  that  the  valves  are  incompetent.  Concurrently  witb  ttti  ikt 
pulse  becomes  small,  feeble,  and  flickering;  the  extremities  l>ocona  Ut 
and  cold,  the  temperature  falls,  cyanosis  deepens,  the  patient  becoBW 
unconscious,  and  after  a  short  time  dies.  If  he  recover  from  one  «* 
attack,  another  and  more  severe  one  will  probably  supervene  in  ■  Af^ 
time ;  and  sooner  or  later  one  of  these  attacks  proves  faUil. 

Mortality. — The  published  returns  from  various  places  she"  *■ 
enormous  variation  in  the  mortality.  This  variation  is  due  in  put  t" 
the  frequency  of  different  complications,  dysentery  and  the  like,  t' 
beriberi  uncomplicated  by  other  disease  there  is  still  great  vari»tioo ;  i» 
some  outbrealis  it  has  been  as  high  as  40  per  cent.  The  prison  r  ^ 
are  the  most  reliable  guide  to  the  cose -mortality  in  uncomplicat«d  brfi- 
berL  In  the  Malay  Peninsula  this  seems  to  bo  less  now  than  formwlj. 
amounting  only  to  about  3  to  C  per  cent ;  while  in  the  earlier  I'econli  lOl'' 
15  per  cent,  or  even  more,  was  not  uncommon.  The  general  \kd&*^1 
in  all   places  has  been  to  a   similar  reduction  in  the  oue-mofUli?' 
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;h  the  death-rate  may  be  high  at  the  commencement  of  epidemic 
ks,  it  becomes  much  lower  later  on.  Hospital  statistics  are 
5  value  as  to  the  true  mortality,  since  they  •  refer  to  cases  of 
y  many  of  which  are  complicated  by  other  diseases,  and  it  then 
\  a  matter  of  personal  judgment  whether  the  deaths  are  returned 
ne  heading  of  beriberi  or  of  the  associated  disease, 
lie  Japanese  Navy  the  case -mortality  in  beriberi  was  given  as 

>  (1878-1884),  whilst  in  Christmas  Island  in  1905  it  was  less 
>er  cent.     Speaking  generally,  an  outbreak  with  a  mortality  of 

>  per  cent  is  exceptionally  low,  and  one  over  10  per  cent 
'Hally  high.  The  more  numerous  the  markedly  hydropic  forms, 
•ter  the  mortality. 

iels. — As  can  be  readily  understood,  serious  deformity  may 
'om  imperfect  restoration  of  muscles  after  an  attack  of  beriberi. 
d  talipes  equinus  is  not  uncommon  in  countries  where  beriberi  is 
d  in  many  instances  is  probably  consequent  on  this  disease, 
on  and  hypertrophy  of  the  heart,  permanent  cardiac  murmurs, 
kr  feebleness  of  legs  and  arms,  circumscribed  ansesthetic  patches 
skin,  and  liability  to  a^dema  of  the  feet  and  ankles,  have  also 
mmerated  among  the  seqiiels. 

the  great  majority  of  cases  complete  recovery  occurs.     Even  the 
\  become  normal.     This    may  be  delayed  for  years,  but  out  of 
iven  cases  recorded  by  Travers,  they  were  present  in  forty-one  in  a 
less  after  the  attack  of  beriberi. 

apses  and  recrudescences  are  frequent.  Various  estimates  have 
lade  as  to  their  frequency.  In  a  country  or  institution  where 
i  is  endemic  a  large  proportion  of  persons  admitted  to  hospital 
)  disease  give  a  history  of  a  previous  attack,  and  as  long  as 
^ase  remains  endemic  in  an  institution  "relapsed"  cases  are 
it  A  large  proportion  of  these  cases  are  probably  reinfections 
sentially  fresh  attacks.  In  hospitals  in  England,  such  as  the 
1*8  Hospitals  in  London,  where  the  conditions  are  not  favourable 
'ection,  cases  admitted  in  various  stages  run  a  fairly  steady  course 
Jy  slight  fluctuations,  and  serious  recrudescences  do  not  take  place 
convalescence.  In  the  Kwala  Lumpur  Prison,  Malay  States, 
a  period  of  seven  months,  in  which  no  cases  originated  in,  or  were 
jd  to,  the  gaol,  no  relapses  took  place,  though  there  was  a  large 
•  of  prisoners  in  the  gaol  who  had  had  beriberi  during  the  previous 
ITS.  This  was  in  marked  contrast  with  the  previous  six  months, 
ome  107  fresh  cases  originated  in  the  same  prison,  and  no  less  than 
lapses  occurred.  It  is  impossible,  therefore,  to  avoid  the  condu- 
it many  of  the  so-called  relapses  are  in  reality  fresh  attacks,  due 
same  conditions  that  caused  the  original  attacks.  True  relapses 
IT,  and  may  be  repeated  even  when  such  conditions  are  not 
,  but  they  are  not  common.  Thus  in  the  Taiping  Prison,  in  the 
between  September  1897  and  Jun(i  1899,  there  were  no  admis- 
ith  beriberi,  and  no  fresh  cases  occiu'red  in  the  prison,  but  one  man 
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who  had  had  the  disease  previously  suffered  three  relapses,  in  Mud 
July,  and  August  1898  respectively. 

It  appears  thart  persons  who  have  had  beriberi  previously  are  ma 
liable  to  acquire  the  disease  again,  rather  than  that  true  relapses  a 
frequent.  In  persons  who  have  had  severe  attacks  with  incompk 
recovery,  slight  increase  in  the  residual  symptoms  is  not  iincommo 
Slight  causes,  such  as  overwork,  exposure  to  wet  and  cold,  or  inu 
current  disease,  may  result  in  marked  increase  of  the  existing  sympUm 
just  as  in  other  forms  of  peripheral  neuritis. 

Diagnosis. — An  epidemic  of  beriberi  presents  no  difficulties.  Tl 
distribution  of  the  nerve-lesions,  the  absence  of  cutaneous  eruptions  ai 
of  the  other  characteristic  symptoms  of  arsenical  poisoning,  distingui 
the  disease  from  arsenical  neuritis^  the  only  other  known  form 
peripheral  neuritis  that  would  affect  at  once  a  large  number  of  peopl 
Epidemic  peripheral  neuritis  probably  means  beriberi.  Isolated  cw 
present  more  difficulty.  The  diagnosis  must  be  made  from  all  oth* 
forms  of  peripheral  neuritis,  and  in  some  cases  this  may  be  imposM 
In  the  early  stage  of  the  hydropic  form,  and  very  rarely  during  tli 
entire  course  of  the  attack,  it  sometimes  happens  that  distinct  srmptoa 
of  peripheral  neuritis  do  not  declare  themselves ;  for  a  time  there  fflij 
be  no  marked  ana?sthesia  of  the  skin,  no  muscular  hypera^sthesia,  tk 
knee-jerks  may  be  present  or  even  exaggerated,  and  oedema  marbetfc 
only  manifestation.  But  in  the  presence  of  an  epidemic  of  beriberi,  ifc 
rapid  development  of  oedema,  without  albuminuria  or  other  manifa* 
cause,  points  to  this  disease.  Any  doubt  is  usually  dispelled  in  a  t«t 
few  days  by  the  appearance  of  the  usual  signs  of  peripheral  neuritis. 

The  occurrence  of  jmlanal  neuritis  at  all  resembling  beriberi  is  fbt 
rare,  and  in  the  cases  that  appear  to  be  of  this  nature  there  are  usoillf 
mental  disturbances,  especially  loss  of  memory.  In  alaMic  nt«^ 
(edema  is  not  nearly  so  common  nor  so  extensive  as  in  beriberi  ;tiii 
considenition,  together  with  the  tremor,  gastric  catarrh,  mental  c* 
dition  and,  above  all,  the  history  of  drinking,  shoidd  lead  to  a  cofi«rt 
diagnosis.  It  is  highly  probable  that  in  beriberi  districts  cases  of  donWft 
or  even  triple  nerve  -  poisoning  from  beriberi,  malaria,  and  al«*" 
occasionally  occur. 

In  some  countries  j>ost-dysenieric  neuritis  is  not  very  uncommon:  < 
resembles  beriberi  in  the  presence  of  firm,  hard  oedema,  but  the  chanp* 
are  limited  to  the  lower  extremities,  the  upper  extremities  and  the  li** 
not  being  affected.  These  manifestations  follow  an  attack  of  djaentt? 
so  closely  that  their  connexion  with  that  disease  will  at  once  ^ 
suspected. 

A  paralytic  affection  called  laihyrism,  resulting  from  theuseof»«* 
prepared  from  a  lentil — Latlii/nis  satiriis — prevails  extensively  in  IfPf 
and  Central  India,  especially  near  Allahabad  and  in  Upper  Sind:Hi* 
also  found  in  Algeria.  From  beriberi  it  is  easily  diagnosed,  as  itn' 
spastic  paralysis,  evidently  of  spinal  origin,  affecting  the  lower  lis* 
only,  and  associated  from  the  outset  with  bladder-symptoms,  as  well  * 
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dth  exaggerated  knee-jerks.  Dropsy,  cardiac  symptoms,  anaesthesia, 
nd  disturbance  of  the  electrical  reaction  of  the  muscles  are  absent 
rW«'  "Liithyiism,"  Vol.  11.  pt.  i.  p.  898). 

The  oedema,  muscular  pains,  and  tenderness  of  tiichiiivins  might 
nggest  beriberi,  more  pfirticularly  as  both  diseases  are  apt  to  occur  in 
miteil  epidemics.  But  the  seat  of  the  pains  in  trichinosis,  principally 
I  the  muscles  of  the  trunk,  head,  and  neck ;  the  violent  gastro-intestinal 
isturbance  preceding  the  muscular  pains ;  tlie  well-marked  fever ;  the 
»rly  anlema  under  the  eyes  and  in  the  face  ;  the  absence  of  true  paresis ; 
lie  implication  of  the  muscles  of  the  eyes,  face,  and  neck ;  the  absence 
t  oedema  on  the  front  of  the  shins,  of  anaesthesia,  of  heart  trouble ;  and 
tie  circumstances  in  which  the  malady  occurs,  should  make  diagnosis 
isy  enough. 

Besides  the  evidence  afforded  by  the  microscopical  examination  of 
be  stools,  anh/losiomunds  may  be  distinguished  from  beri]>eri  by  the 
itense  anaemia,  the  gastric  symptoms,  and  the  complete  absence  of  any 
vidence  of  neuritis. 

Malingering  and  lu/steriral  inimems  are  readily  detected  ])y  an  examina- 
ion  of  the  knee-jerks,  by  the  electrical  re^vction  of  the  muscles,  and  by 
ihe  absence  of  a^doma,  cardiac  irregularities  and  murmurs. 

It  shouM,  however,  be  noted  that  groups  of  cases  of  peripheral 
uuritis  occasionally  occur  which  in  certain  important  points,  such  as 
persistence  of  knee-jerks,  differ  from  beriberi  as  ordinarily  met  with.  The 
■wne  may  be  said  of  the  other  prominent  symptom  of  beriberi,  namely, 
oedema.  It  is  possible  that  such  outbreaks  are  a  distinct  disease,  and 
that  other  forms  of  peripheral  neuritis  of  unknown  origin  are  sometimes 
Biietaken  for  l>eriberi. 

Treatment. — No  specific  treatment  is  known.  Since  repeated  re- 
"rfection  or  absorption  of  the  poison  appears  to  be  possible,  the  patient 
•fcould  be  removed  to  a  ptirt  of  the  building  where  no  new  cases 
•Jginate,  or,  better,  to  some  place  at  a  distance  where  beriberi  is  not 
■riemic. 

AVhile  the  symptoms  are  acute  or  progressive  the  patient  must 
•  kept  in  bed,  and  not  allowed  to  sit  up  or  make  the  slightest 
^rtion.  While  the  diet  should  be  liberal  and  varied,  bulky  foods, 
*ch  as  rice,  should  be  avoided,  on  account  of  the  danger  resulting 
^tn  gastric  dilatation  and  its  effect  on  cardiac  action.  For  the  same 
^•son  food  and  drink  should  be  given  in  small  quantities  at  a 
""ie,  though  the  total  amount  may  be  liberal.  Constipation  should 
^  obviated ;  benefit  accrues  from  the  administration  of  small  but 
"^uent  doses  of  salines,  such  as  the  sulphates  of  magnesia  or  soda.  In 
Jc  presence  of  failing  heart,  cardiac  tonics,  such  as  strychnine  and 
^italis,  should  be  administered.  Cardiac  failure  and  over-distension  of 
««  right  ventricle  arc  the  two  main  dangers,  and  gi-ave  symptoms 
siting  from  this  condition  may  appear  suddenly,^  even  in  cases 
)yparently  progressing  favourably.  In  such  cases  the  symptoms  are 
U]^nt,  and  full  doses  of  nitrite  of  amyl,  5  minims — by  inhalation — or 
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who  hail  bad  the  disease  previously  suffered  three  relapses,  in  Mii^ 
July,  and  August  1898  respeotively. 

It  appears  that  persons  who  have  had  beriberi  previously  are  tntn 
liable  to  acquire  the  disease  again,  rather  than  that  true  relape««  *re 
frequent.  In  persona  who  have  had  severe  attacks  with  iiicomi^ 
recovery,  slight  increase  in  the  residual  symptoms  is  not  uncomnuD. 
Slight  causes,  such  as  overwork,  exposure  to  wet  and  cold,  or  inlet- 
current  disease,  may  result  in  marked  increase  of  the  existing  symptont^ 
juBt  aa  in  other  forma  of  peripheral  neuritis. 

Diagnosis. — An  epidemic  of  beriberi  presents  nu  difGctiltiea.  Tbe 
distribution  of  the  uerve-lesiona,  the  absence  of  cutaneous  eruptions  an-i 
of  the  otiier  characteristic  symptoms  of  areenical  poisoning,  distingui^ 
the  disease  from  arsiniical  neuritis,  the  only  other  known  form  ol 
peripheral  neuritis  that  would  afl'ect  at  once  a  Uirge  number  ot  pMpk 
Epidemic  peripheral  neuritis  probably  means  beriberi.  Isolatetl  ant 
present  mora  difGculty.  The  diagnosis  must  be  made  from  all  Otbir 
forms  of  periphei'al  neuritis,  and  in  some  cases  this  may  be  iinpaaEibIc, 
In  the  early  stage  of  the  hydropic  form,  and  very  rarely  diuing  tbt 
entire  course  of  the  attack,  it  sometimes  happens  thai  distinct  symptM* 
of  peripheral  neuritis  do  not  declare  themselves ;  for  a  time  there  roij 
be  no  miirked  aniesthesia  of  the  skin,  no  muscular  hyperitsthuisia,  tbt 
knee-jerks  may  be  present  or  even  exaggerated,  and  icdema  may  be  th 
only  manifestation.  But  in  the  presence  of  an  epidemic  of  beriberi,  iIk 
rapid  development  of  wdema,  without  albuminuria  or  other  muiite 
cause,  points  t«  this  disease.  Any  doubt  is  usually  disjMlled  in  a  vwj 
few  days  by  the  appearance  of  the  usual  signs  of  peripheral  nenritia 

The  occurrence  of  iiuilaiial  neariiis  at  all  resembling  beriberi  is  W? 
rare,  and  in  the  cases  that  appear  to  be  of  this  nature  there  are 
mental    disturbances,   especirdly  loss    of    memory.      In  idcuKiHie 
(edema  is  not  nearly  so  common  nor  so  extensive  as  in  beriben; 
eonsideiation,    together   with    the    tremor,   gastric  catarrh,  mental 
dition  and,  above  all,  the  history  of  drinking,  should  lead  to  a  e« 
diagnosis.     It  is  highly  pi-obable  that  in  beriberi  districts  cases  of  dwiH^ 
or    even    triple    nerve  -  poisoning    from    beriberi,    malaria,    and    tleob^ 
occasionally  occur. 

In  some  coimtries  post-dystnioic  neiirUa  is  not  very  uncomman ;  ' 
resembles  beriberi  in  the  presence  of  firm,  hard  cedema,  but  the  chaag' 
are  limited  to  the  lower  extremities,  the  upper  extremities  and  the  hctf 
not  being  aSected.  These  manifestations  follow  an  attack  of  dyMotcTt 
BO  closely  that  their  connexion  with  that  disease  will  at  once  ^ 
suspected. 

A  paralytic  affection  called  iatkyi-ism,  resulting  from  tbe  use  of  a  (!■ 
prepared  from  a  lentO — Lalhyrus  fa/irus — prevails  extensively  in  Vpp* 
and  Central  India,  especially  near  Allahabad  and  in  Upper  Sind:  it* 
also  found  in  Algeria.  From  beriberi  it  is  easily  diagnosed,  ai  it  i>  ' 
spastic  paralysis,  eridently  of  spinal  origin,  affecting  the  lower 
only,  and  associated  from  the  outset  with  bladder- sympioDU, 


ritb  exaggerated  knee-jerks.  Dropsy,  csrdiw:  aymptoms,  aneestheaia, 
^iid  disturbance  of  the  electrical  reaction  of  the  muscles  arc  absent 
Wn*  "Liilbyrism,"  Vol.  II.  pt.  i.  p.  898). 

The  iiMlema,  muscular  pains,  and  tenderness  of  liickinoeii  nii^^ht 
Ml  beriberi,  more  particularly  as  both  diseases  are  apt  to  occur  in 
sited  epiilemics.  But  the  seat  of  the  pains  in  trichinosis,  principally 
1  the  muscles  of  the  trunk,  head,  and  neck ;  the  violent  gastro.intesttnal 
tsturb&nce  preceding  the  musculiii'  piiina ;  the  well-maiked  fever ;  the 
irly  axleina  uiidor  the  eyes  and  in  the  face  ;  the  absence  of  true  pai'esis  ; 
ibe  implication  of  the  muscles  of  the  eyes,  face,  and  neck  ;  the  absence 

■  «(  ledema  on  the  front  of  the  shins,  of  atiKstbesia,  of  heart  trouble ;  and 

■  the   circtmistances  in  which  the  malady  occurs,  should  make  diagnosis 

■  easy  enough. 
Besides  the  evidence  afforded  by  (he  microscopical  examination  of 

■'the  stools,  nnJci/loftomvi^s  may  be  distinguished  from  beriberi  by  the 
■tnt«nse  anemia,  the  gastric  symptoms,  and  the  complete  absence  of  any 
favidencc  of  neuritis. 

MaliiiJ)erinir  and  htider'md  minusis  are  roidily  detected  by  an  examina- 
I  tion  of  the  knee-jerks,  by  the  electrical  reaction  of  the  muscles,  and  by 
1  the  absence  of  cedoma,  cardiac  irregularities  and  murmurs, 

It  should,  however,  be  noted  that  groups  of  cases  of  peripheral 
I  neuiitis  occasionally  occur  which  in  certain  important  points,  such  as 
persistence  of  knee-jerks,  differ  fi'om  beriberi  as  ordinarily  met  with.  The 
\  *>nie  may  be  said  of  the  other  pi'ominent  symjitom  of  beriberi,  namely, 
'  odema.  It  is  possible  that  such  outbreaks  are  a  distinct  disease,  and 
tbat  other  forms  of  peripheral  neuritis  of  unknown  origin  are  sometimes 
Oiiaiaktn  for  beinberi. 

Treatmsnt. — No  specific  treatment  is  known.  Since  repeated  re- 
"if^sfXinn  or  absorption  of  the  poison  appears  to  be  possible,  the  patient 
'noMJd  l>e  removed  to  a  part  of  the  building  where  no  new  cases 
''^'^inate.  or,  better,  to  some  place  at  a  distance  where  beriberi  is  not 
'■'■»*aeraic. 

^\■^)ile  the   symptoms   are   acute  or  progressive   the   patient  must 

^        kept    in  bed,  and  not    allowed    to    sit    up    or    make    the    sh'ghtest 

^'^^^nion.      While  the  diet  should  be  liberal  and  varied,  bulky  foods, 

';'*^^li  as  rice,   should  Ije  avoided,  on  account  of  the    danger    resulting 

""^^^tii  gastric  dilatation  and  its  effect  on  cardiac  action.     For  the  same 

^^*«j«iri    food    and    drink    shoidd    lie    given    in    small  quantities   at    a 

"  ■^ne.  though  the  total  amount  may  be  liberal.       Constipation   should 

^^      obviated ;  benefit  accrues    from    the    administration    of    small    but 

'^^<|iient  doses  of  salines,  such  as  the  sulphates  of  magnesia  or  soda.      In 

^■*e  presence   of  failing   heart,   cardiac   tonics,    such  as  strj'chnine   and 

'^^J^talis,  should  be  fidministered.     Cardiac  failure  and  over-distension  of 

^\K  right   ventricle  are   the  two   main  dangers,    and    grave    symptoms 

Resulting   from   this   condilion    may   appear  suddenly^  even    in   cases 

apparently    progresoing  favourably.      In   such   cases  the  symptoms   are 

I  Urgent,  and  full  doses  of  lutrite  of  amyl,  5  minims — by  inhalation — or 
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nitroglycerin,  T-J^r^h  of  h  grain,  or  liquor  trinitrini,  \  minim  a*  a  hjp*- 
dei'mic  injection,  should  be  nt  once  iidininislercd.  and  repeated  ii 
required.  An  energetic  cathartic,  such  as  croton  oil  or  elnteniim, 
should  also  be  given.  As  these  cardiac  ciises  occur  without  any 
warning,  all  the  necessary  appliances  should  be  ke|it  ready  hf  tlu 
bedside,  and  the  attendant  fully  instructed  bow  to  treat  the  »lttflt 
When  death  appcurj  to  be  imminent,  venesection  wdl  give  relief,  and 
should,  therefore,  be  carried  out,  as  it  allows  time  for  other  nirofiim 
to  tiike  effect ;  it,  however,  hus  usually  to  be  rej>cated,  Hydroihuiu, 
or  hydropericardium,  if  excessive,  must  be  relieved  by  ns[»ntiaL 
When  the  paralysis  is  marked,  great  care  should  be  exercised  by 
means  of  passive  movements  to  prevent  contmctTires  and  fintin 
of  the  joints.  The  bed-clothes  should  be  supported  by  a  cradle,  » 
their  pressure  maintains  the  iMwition  of  foot-drop.  Splints — prcfeuMy 
anterior  splints— may  be  used  to  prevent  the  condition  liecoming  |w — 
manent.      Bed-sores  only  occur  as  the  result  of  gross  n^lect. 

When   the  acute  symptoms  have  subsided,  and  danger  of  c 
failure  has  passed,  graduated  exercises  are  of  great  value-      Massage 
faradisation    should   be   employed   in   such   cases   when   the    muwub 
tenderness  has  materially  decreased.     The  diet  shoidd  be  liberal ; 
of  scene   and   residence   expedites  complete  recovery.      In   view  of  tir^^- 
liubility  to  second  and  third  attacks,  return  to  a  country  or  pkce  wb«»"^ 
beriberi  occurs  should,  when  possible,  be  pi'ohibited. 

Prevention  of  Epidemics. — Provision  of  dry,  well- ventilated  qiUJWr^^ 
whether  in  prisons,  ships,  or  coolie-lines,  appears  to  exercise  wo^^" 
deterrent  eifect.  A  liberal  dietary  also  plays  some  part  in  i>rc\'en[ii^M 
and  checking  an  epidemic. 

Overcrowding  must  bo  avoided.  In  view  of  the  manner  in  whirii  lb'-"" 
disease  spreads  in  an  institution,  every  precaution  must  be  taken  to  pf««n— 
any  possibility  of  infection  by  clothes,  blankets,  bedding,  sleeping-biink^^ 
or  cells,  as  it  apjicara  to  be  by  these  rather  than  by  immediate  coiiU'^^"^ 
that  the  disease  is  spread.  The  disinfection  thus  erojiloyeil  shop'^^^ 
ensure   the  destruction   of  vermin.     The  earliest  stages  of   the  c" 


appear  to  be  the  most  infective — if  the  dis 
comers  should  l>e  kept  sepamtc,  us  far  as  ]K)ssibli 
they  are  the  subjects  of  beriberi 


l)e  infective — and  w* 
le.  till  it  is  known  whfili'^ 


Patrk-k  Maxson. 
C.  W.  Danihs. 
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EPIDEMIC   DROPSY 

By  Col.  Kenneth  Macleod,  I. M.S.,  M.D.,  LL.D. 

*tory. — In  the  year  1877  an  outbreak  of  a  disease,  the  principal  fea- 
r©  of  which  was  dropsy,  occurred  in  the  southern  suburbs  of  Calcutta, 
continued  to  prevail  during  the  cold  season  of  1877-78,  disappeared  in 
o  hot  weather,  recurred  over  a  wider  area  in  the  cold  months  of 
^7^-79^  subsided  again  in  the  hot  weather,  broke  out  a  third  time  over 
*Oore  extensive  area  of  the  town  and  suburbs  in  the  cold  season  of 
^7  9-80,  and  vanished  in  the  hot  weather  of  1880.  The  disease 
appeared  to  a  limited  extent  in  Calcutta  in  the  hot  season  of  1881. 
^^  new  ground  invaded  in  each  recrudescence  was  contiguous  to  that 
^ch  had  been  previously  occupied,  but  isolated  offshoots  also  occurred  : 
^  larger  and  more  distant  of  these  were  a  well-defined  outbreak  in  the 
^*  station  of  Shillong,  in  the  Khasia  Hills,  Assam,  in  the  winter  of 
^7 8-79 ;  and  a  somewhat  severe  prevalence  among  natives  inhabiting 
'®  city  of  Dacca  in  Eastern  Bengal,  and  among  coolies  employed  in  the 
•^gardens  of  South  Sylhet  during  the  same  time.  A  similar  epidemic 
'^ke  out  in  the  island  of  Mauritius  in  November  1878,  and  continued 
^  prevail  extensively  until  April  1879,  when  it  died  out.  labourers 
*f  the  tea-gardens  of  Assam  and  Sylhet,  and  for  the  sugar-plantations 
•  Mauritius,  pass  through  Calcutta;  the  latter  embark  at  the  place 
''■lere  the  disease  first  made  its  appearance. 

This  remarkable  epidemic  of  dropsy  was  very  carefully  observed  in 
^  locality,  and  its  phenomena — clinical  and  epidemiological — have 
••en  minutely  recorded  by  Drs.  Davidson,  O'Brien,  Crombie,  and  others. 
U  first  it  was  thought  to  be  a  manifestation  of  beriberi,  in  most  cases  of 
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..'  =  -•  •  f. •  '/;..'  .-y;  'J  r ;.  I:  I. '. .  ■; ^ .v. .  .  T:.-^  •:>c.--M  uf  miliaria  mav  also  ''■  e 
•  ,•...•..'/>;  .v'y;  ';  •:  ?'//:  ',?  •-.-,•>;:.  -hi^lir-r  or  clothing,  cleanline^. 
" , .V i  J ' /  •  .  p^'  f .'.'.» J  ^ .; .  -  ^/.' .  •. .  'y  •  : .'. •:  :  •:  v-: ;  jr*:.  ap| )ear  to  govern  the  ori^iir. 
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l*.u%-.k  ilu'  diMMso  pre\LiiU\l  anions:  natives  '?rAy.  ind  :n  >r:het  Limonj:  th«' 
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•l^asant  sensations  often  preceded  and  accompanied  the  development 
n^-be  anasarca,  and  in  a  considerable  proportion  of  cases  the  surface 
erythematous  or  affected  with  an  urticarial,  scarlatinal,  or 
lillous  rash.  Vesicles  and  petechial  and  purpuric  spots  were  also 
s^'X'ved.  These  rashes  appeared  in  the  earlier  stages  of  the  attack ; 
^vsia,  desquamation,  excoriation,  and  ulcers  were  occasionally  observed 
»••  The  deep-seated  pains  probably  depended  on  the  pyrexia,  and 
^^xred  within  the  first  fortnight  The  condition  of  the  urine  varied  as 
^xrds  colour,  quantity,  specific  gravity,  and  frequency  of  discharge, 
'fcube-casts  or  albumin  were  found.  In  severe  cases  respiration  and 
'Viiation  were  much  disturbed.  The  cough,  dyspnoea,  and  orthopnoea 
^•red  in  some  cases  were  evidently  due  to  oedema  or  congestion  of  the 
^8,  and  effusion  into  the  cavities  of  the  chest — conditions  which  occa- 
tk^sdly  caused  sudden  death.  Anaemia  was  a  prominent  and  constant 
t^iare  of  the  disease,  which  in  Mauritius  received  the  name  of  "  acute 
^exnic  dropsy."  The  red  corpuscles  were  diminished  in  number,  the 
Locx;ytes  increased,  and  an  unusual  amount  of  granular  and  molecular 
tt^rial  was  observed  in  the  blood.  The  disease  in  severe  cases  produced 
risiderable  prostration  and  emaciation.  No  enlargement  of  the  spleen 
1^  noticed,  but  in  some  cases,  in  which  cardiac  and  pulmonary  complica- 
tes existed,  the  liver  was  found  to  be  tender  and  its  area  of  dulness 
tended.  Neither  anesthesia  nor  |)aralysis  was  observed,  though  these 
nc&ptoms  were  carefully  looke<l  for  both  in  India  and  Mauritius.  The 
nation  and  severity  of  the  disease  varied  considerably.  From  three 
B«lc8  to  three  months  may  be  stated  as  the  limits  of  duration.  Debility, 
^^Btnia,  and  .persisting  oedema  of  the  legs  were  the  only  sequels  observed. 
^*©  case -mortality  varied  between  2  and  8  per  cent.  Some  Calcutta 
tUms  gave  higher  figures,  but  they  probably  included  an  excess  of 
^1  cases.  Death  was  caused  mainly  by  pulmonary  and  cardiac  conipli- 
ttons,  and  in  some  cases  was  sudden  and  unexpected.  Post-mortem 
^^Hiination  revealed  effusions  and  congestions.  The  subcutaneous 
f'JBion  was  in  some  cases  hard  and  sanious.  Punctate  extravasations 
"the  skin  and  serous  surfaces  were  observed  ;  congestions  of  stomach  and 
^Cfttines,  of  the  liver  and  mesenteric  glands,  and  cloudy  swelling  of  the 
^^  epithelium,  were  also  noted.  No  ]>acteriological  investigations  were 
^Ue  either  in  India  or  Mauritius  in  the  outbreak  of  1877-8.  The 
^•criptions  of  the  phenomena  of  the  disease  more  recently  recorded  by 
**^  Rogers  and  Cobb  agree  very  closely  with  the  foregoing. 

Epidemiology. — The  various  geographical  and  meteorological  con- 
itions  under  which  the  disease  prevailed  indicated  that  place  and  season 
•d  no  important  influence  in  the  causation  of  this  malady.  The  curious 
•^Icutta  experience  of  three  outbreaks,  with  two  intervening  periods  of 
*tency,  shewed  that  the  conditions  existing  in  the  cold  season  were  more 
*^ourable  to  its  development  and  spread  than  those  obtaining  during  the 
•Ot  weather  and  rains.  It  was  also  in  the  cold  season  that  the  disease 
[Availed  in  Shillong,  Dacca,  and  South  Sylhet ;  but  in  Mauritius  neither 
■toiperature  nor  humidity,  rain  nor  drought,  elevation  nor  soil,  seemed  to 
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affect  the  course  of  the  epidemic.  The  element  of  malaria  may  also  he 
eliminated.  Nor  did  food  or  water,  shelter  or  clothing,  cleanlinea, 
comfort,  general  salubrity  or  the  reverse,  appeiir  to  govern  the  origin 
and  spread  of  the  disease  ;  though  unfavourable  personal  and  hygienie 
conditions  probiibly  affected  the  issue  in  individual  cases,  and  aggravated 
the  severity  of  seizures  and  the  general  mortality.  In  the  years  l?r6 
and  1877  Southern  India  was  visited  by  a  terrible  famine,  and  scardtr 
and  dearness  of  food  prevailed  in  Bengal  at  the  time  when  the  diseue 
appeared  in  Calcutta.  Numbers  of  starving  people  flocked  into  that  dtj 
from  the  famine  tracts,  and  fever,  cholera,  and  small-pox  were  more  than 
usually  rife  and  deadly ;  but  this  dropsical  disease  was  by  no  means 
confined  to  the  impoverished  and  sickly ;  and  in  other  localities  which  w 

visited  such  conditions  were  absent.     Natives  of  India  were  the  chief  or 

• 

only  victims  of  the   malady,   which  appeared  and  spread,   in  the  first 
instance,  among  the  members  of  a  particular  section  of  the  native  com- 
munity, and  then  extended  to  other  sections  more  or  less  associated  with 
them.     In  Calcutta,  Mohammedan  tailors  and  boatmen  were  tirst  attacked ; 
and  subsequently  native  villagers  of  all  races  and  castes  living  in  the  same 
or  adjoining  hamlets.      A  few  Eurasians  and  Armenians  suflcred,  but 
no  Europeiin.       In  Shillong,   Bengalis  were   primarily  and    principtllv 
the  sufferers ;  later  a  few  hillmen  and  Goorkhas  took  the  disease.    In 
Dacwi  the  disease  prevailed  among  natives  only,  and  in  Sylhet  among  the 
garden  coolies  exchisively.     In  Mauritius  it  broke   out  among  Iwlian 
labourers,  and  prevailed  most  among  those  imported  from  Calcutta.    The 
general   population  subsequently  suffered,  though  to  a  smaller  extent. 
Adults  were  the  most  numerous  victims,  and  males  were,  attacked  in 
larger    proportion   than   females ;    but   children  were   not   exempt,  and 
among  these  sex-proportion  was  more  equal.     The  outbreaks  in  all  pbces 
presented  the  character  of  an  epidemic  rather  than  an  endemic.     Neither 
before    nor    after    the    outbreak    did    any    disease    presenting    similar 
symptoms  exist  endemically  or  appear  sporadically  in  any  of  the  [Jaw* 
visited. 

There  is  some  ground  for  belief  that  the  disease  was  originally  imported 
from  the  Madras  famine  tracts.    Dr.  Kammay  Ray,  who  hjid  been  on  famine* 
duty,  had  ti-eated  500  cases  of  a  dropsical  disease  in  the  famine  coiintrr,;^ 
which  was  called  beriberi ;  and  on  his  return  to  Calcutta  he  identified  tb^= 
malady  which  he  found  prevalent  there  with  that  which  he  had  seen  Ik"^ 
Madras.     Calcutta  was  undoubtedlv  the  centre  from  which  the  disease  w»^js 
carried  to  other  places — to  Dacca,  Sylhet,  Shillong,  and  Mauritius.    Tr^^ 
spread  of  the  disease  was  accomplished  by  human  agency  and  intercouiv«- 
The  manner  in  which  it  grew  in  households  and  communities  proved  itswiH- 
munica]>ility,  and  numerous  instances  of  grouping  and  importation  v^r* 
recorded.    Its  diffusibility  was,  however,  by  no  means  keen  nor  its  incident 
strong.     In  Mauritius,  where  the  conditions  of  prevalence  seemed  to  he 
more  favourable,  only  about  one- tenth  of  the  persons  exposed  to  the  riikw 
contracting  it  suffered,  and  in  other  places  the  proportion  of  victims  w* 
less  and  the  margin  of  immunity  greater. 
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Diagnosis.— The  only  disoase  with  which  epidemic  dropsy  is  likely  to  be 
confounded  is  heiiberi  ;  but  on  comparing  the  clinicnl  and  epidemiological 
characters  nf  the  two  diseases  a  radical  distinction  between  them  becomes 
apparent;  there  ought  in  future  to  be  no  difficulty  in  discriminating 
the  one  from  tlie  other.  Beriberi  is  &  peripheral  neuritis  of  which  dropsy 
ia  not  an  invariable  accompaniment ;  epidemic  dropsy  partakes  more  of 
the  iiattire  of  an  exanthem ;  the  dropsy  is  a  constant  feature,  and  the 
nervous  phenomena  characteristic  of  beriberi  are  absent.  Epidemic 
dropsy  is  a  febrile  disease ;  in  beriberi  fever  is  either  masked  or  absent. 
The  congestions  and  eruptions  observed  in  epidemic  dropsy  are  rare  or 
aliseut  in  beriberi.  This  is  also  true  of  the  gastro-intestinal  disorder  so 
frequently  seen  in  the  former.  Beriberi  is  a  more  severe,  protracted,  and 
iMaX  disease  ;  it  is  also  an  endemic  rather  than  an  epidemic  disease, 
the  opposite  being  true  of  epidemic  dropsy  ;  the  former  has  also  more 
definite  geogiuphical  limits  than  the  latter,  and  the  circumstances  of 
climnte  and  season'  favouring  the  development  and  spread  of  the  two 
diseases  are  different,  if  not  opposite — beriberi  flourishing  under  warmth 
will  damp,  epidemic  dropsy  imder  cold  and  dryness.  Beril>eri  seems  to 
be  a  disease  of  soil  and  habitation,  epidemic  drojisy  of  families  or  com- 
munities— the  propagation  of  the  latter  being  more  manifestly  due  to 
association  and  intercourse  than  that  of  the  former,  which  seems  to  depeiul 
rather  on  common  exposure  to  morbific  conditions.  The  diffusibility  of 
epidemic  dropsy,  though  not  very  active,  exceeds  that  of  beriberi,  which 
requires  it  greater  degree  of  concentration  of  its  poifun  in  circumstances 
of  overcrowding,  filth,  and  dehcient  ventilation  to  render  it  active  and 
effective.  The  absence  of  endemic  prevalence  of  beriberi  in  the  localities 
where  the  dropsical  disease  prevailed  negatives  the  idea  that  the  latter 
was  an  accidental  epidemic  manifestation  of  a  malady  of  usually  endemic 

Treatment — Such  measures  of  segregation  and  disinfection  as  are 
ordinarily  employed  in  the  case  of  the  exanthems  are  indicated  in  the 
management  of  an  epidemic  such  as  this.  Ko  special  system  or  plan  of 
medical  treatment  or  regimen  was  employed  in  these  outbreaks,  symptoms 
and  complications  being  met  by  the  ordinary  principles  and  methods  of 
rational  medicine. 
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LEPROSY 

By  Phineas  S.  Abraham,  M.A.,  M.D.,  B.Sc. 

Derivation. — Actt^os,  scaly. 

Synonyms. — English:  Ekphuntiasis  Grcecorumy  LeprOj  Saiyruisis,  ^'Gnai 
Disease,"  **Mycle  Ail";  and  in  the  West  Indies,  "Joint  Eril,^ 
Cocobaify  "Bumpy  Sick,"  and  "Scrophula."  French:  Li  Uft, 
Ladverie.  Germa,n  :  A ussatz,  Lepra.  lta\mn  :  Lebbruy  lepra,  Spanish: 
Mai  (h  San  Lazaro,  Lepra.  Norwegian  :  Spedalskfy  Sped^Uskhed,  Ukpn. 
Swedish :  Speiiilskan,  Icelandic :  Likpriir,  Holdsveiku  Finniih; 
Spetdlskaiu  Russian:  Prokaza,  Cmiika,  Opasnaya^  Kilka^  Prtfpaddf 
Crimean  disease.  Greek  :  ElepJiarUiasis,  EUphas,-  Elep^MtiioSj  Saifftv^ 
Satyriasis^  Leontia,  Leontiam^  Nousos  Phoinike.  Sanskrit:  A'lw^ 
Arab  :  Baras,  Dsjudam^  Jasam,  Da  el  a^ed.  Indian  :  Sutdfahiri,  Aofi, 
Maha-korh,  Rakt-korh,  Pes,  Churak,  Ruda  K^tsta,  Kooi4uvi  Mfdnn- 
gum,  KihI,  Pafgurm^j  RaghUpite.  Chinese :  Ma  Fung,  Ta  mn  joMy  U 
foiig.  Japanese  :  Shiiishi.  Maori :  Ngerengere,  Puhipuhi,  TuwhtnM. 
Hawaiian  :  Ma'i  Pake,  Lepera. 

Short  Description. — A  bacillary  disease,  apparently  peculiar  to  man.  d 
.slow  incubation  and  chronic  course  ;  manifesting  itself  in  most  caaei 
by  cutaneous  pigmentary  changes,  and  always  by  the  formation  of  char- 
acteristic neoplasms,  piirticularly  in  the  skin,  mucous  membranes,  and 
nerves,  which  give  rise  on  the  one  hand  to  obvious  thickenings  and 
nodosities,  on  the  other  to  alterations  in  sensation  (analgesia,  aniesthesia). 
and  to  tissue  degenerations,  ulcerations,  and  progressive  contractions  and 
mutilations  of  the  extremities. 

History. — Leprosy  in  Ancient  Times. — There  is  reason  to  believe  thai 
leprosy  was  a  known  disease  many  centuries  before  our  era.  The  earfieit 
reference  to  it  appears  to  be  in  a  papyrus  discovered  at  Memphis — the 
*'  Fibers  i)a|)yrus  " — which  was  written  during  the  reign  of  Rameses  IL 
1348-1281  B.C.  Prescriptions  for  the  cure  of  a  disease  called  Ucheto. 
characterised  by  nodosities  and  pain,  and  most  probably  leprosy,  aw 
therein  contained,  and  these  date,  if  we  accept  the  authority  of  Bnigscfa. 
from  the  period  of  Hesepti  of  the  legendary  first  dynasty  (4600  Rc). 
that  is,  from  a  time  long  antecedent  to  the  Mosaic  Exodus.  Uchetn- 
in  Prof.  Macalister's  opinion,  is  probably  the  same  disease  as  the  kc^ 
of  Hippocrates. 

An  early  Bi])lical  notice  of  "  tsaraath  "  occurs  in  Leviticus,  chap.  xiii-« 
in  which,  however,  the  description  seems  to  apply  better  to  certain  othffT 
atiections  than  to  ''  leprosy  "  as  at  present  understood.  In  other  psssap* 
in  the  Bible  also,  as  in  Exodus,  chap,  iv.,  we  read  of  **  leprous  as  snow. 

Now,  the  enactments  in  Leviticus  refer  chiefly  to  questions  of  diagnow 
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in  the  first  stages  of  the  disease,  and  whether  the  sufferei-s  should  be 
made  outcasts  or  not ;  in  this  connexion  we  must  remember  that  some 
of  the  early  cutaneous  phenomena  of  leprosy,  as  will  be  seen  later,  may 
u'miilate  to  some  extent  the  characteristic  lesions  of  such  diseases  as 
mcodermia,  moq^hoea,  etc.  It  may  be  assumed,  however,  from  many 
fJixsions  in  the  Bible  and  other  ancient  writings,  that  true  leprosy  existed 
rgely  among  the  early  Jews  ;  although  it  was  doubtless  then,  as  it  is 
^^^'^  by  inex|>ert  observers,  confounded  with  other  chronic  and  severe 
Al^^ies  of  the  skin,  like  leucodermia,  the  syphilides,  the  tuberculides, 
^'^s,  -malignant  growths,  and  even  scabies,  eczema,  psoriasis,  and  seveial 
i'hcfr  obstinate  cutaneous  affections. 

Leprosy  seems  to  have  been  also  prevalent  in  ancient  days  in  Persia, 
lie  re,  before  the  time  of  Herodotus  (Herod,  i.  136),  there  were  stringent 
'^s  for  the  expulsion  of  lepers  from  the  towns.  Atossa,  wife  of 
J't-axerxes  II.,  was  said  to.  have  ])een* affected  with  the  disease. 

In  India,  leprosy,  under  the  name  of  "  Kushta,"  was  first  describeti 
V"  Atreya,  who  is  quoted  in  the  liig  Veda  SatMa,  a  work  dating  from 
bout  1400  B.C. 

The  disease  was  first  recorded  in  Japan  about  1250  B.(:.;  but  in  China 
'  cioes  not  seem  to  be  alluded  to  in  the  earliest  accessible  documents.  It 
*  l>elieved,  however,  that  it  was  first  noticed  in  that  country  one  or  two 
e^turies  l^efore  Christ 

It  has  been  surmised  that  Egypt  was  really  the  birthplace  of  leprosy, 
^»a.t  the  Jews  took  it  thence,  and  that  by  the  commerce  and  ware  of  the 
'S^^'ptians  it  was  carried  to  the  far  East  The  evidence  in  support  of 
l^^se  opinions  is  very  scanty. 

In  all  the  countries  mentioned  above,  leprosy  has  continued  to  exist 
'^til  the  present  day  as  an  endemic  disease. 

Leprosy  is  first  mentioned  in  Europe  by  Aristotle  about  the  year 
■*o  B.C.,  under  the  term  "Satyria."  Hippocrates,  indeed,  at  an  earlier 
^t^  speaks  of  Xarpai,  but  the  description  given  doubtless  refers  to  the 
l^^ase  we  now  call  psoriasis ;  and  he  also  refers  to  the  "  Phcvnician 
'^^ase  "  as  the  cause  of  the  Aci'Kat  or  white  affections.  In  the  thii-d 
'*it:ury  before  Christ  leprosy  had  probably  become  more  common  in 
■"^ece ;  and  at  about  that  time  and  subsequently  it  was  known  chiefly 
y  the  names  "Elephantiasis"  (Aretaeus,  Galen,  Celsus)  and  "L(>on- 
^^is  "  (AreUeus).  Aretaeus,  in  the  first  century  A.D.,  gives  an  excellent 
^^cription  of  it. 

The  disease  is  believed  to  have  spread  in  early  times  from  Greece  to 

neighbouring  countries  of  South-Eastern  P^urope  ;  and  it  first  attracted 
^^^ntion  in  Italy  during  the  first  century  R(.'.,  shortly  aft^r  the  return 
^   trhe  Pompeian  army  from  the  East. 

Leprosy  in  the  Middk  Ages, — It  is  quite  j>ossible  that  leprosy  may 
I^Ve  been  carried  by  the  Romans  to  all  parts  of  their  vast  empire, 
•^'■'ough  their  relations  on  the  one  hand  with  Asia  and  Africa,  an<l  on 
f^^  other  w-ith  various  countries  of  West  and  North  Europe ;  at  any  rate 
'^    gradually  increased  in  these  countries  to  such  an  extent  that  a  few 
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centuries  later  it  was  deemed  necessary  tx)  establish  leper  iisylums— as  ir 
Spain,  (ferniany,  France,  England  and  elsewhere. 

Various  expeditions  and  migrations,  subsequent  to  the  fall  of  Uijim,  -^^ 
no  doubt  largely  influenced  the  distribution  and  exacerbation  of  leproeT  "^ 
in  Kurope  during  the  early  Middle  Ages ;  the  advent  of  the  Moors  and     ' 
the  goings  and  comings  of  the  Crusaders  may  have  had  such  a  direct  or 
indirect  effect.     The  diffusion  mav  to  some  extent  be  followed  bv  noting 
the  dates  of  legislation  on  the  subject,  for  laws  dealing  with  lepers  verf 
enacted  in  Lombardy  in  the  seventh  centuiy  A.D.,  rather  lat<jr  in  France 
— by  Charlemagne  in  789,  and  by  Noel  Dha,  King  of  Wales,  in  9j0. 

The  earliest  leper  asylums  appear  to  have  been  established  in  the 
eighth  century  ;  but  the  gre^'iter  numlicr  of  these  institutions,  which  were 
ratlier  of  the  nature  of  religious  houses  than  of  hospitals  in  the  malera 
sense  of  the  term,  date  their  foundation  from  the  eleventh  to  the  tliirt«enlh 
century.  In  England  the  first  w'as  founded  at  Canterbury  in  lOOG; 
and  from  that  time  until  the  vear  1472,  when  the  last  was  estahhshed  it 
Highgate,  some  112  such  institutions  arose  in  different  parts  of  the 
country.  One  of  the  earliest  was  in  St.  Giles',  London,  and  another 
occupied  the  site  of  the  present  Palace  of  St.  Jamess. 

From  Knghmd  leprosy  gradually  spread  to  Scotland,  and  ultimaieir 
to  the  Northern  Isles,  where  indeed  it  lingered  longest.  Robert  Bnw* 
died  of  leprosy  in  1320.  Towards  the  end  of  the  fourteenth  century  the 
disease  was  rapidly  declining  in  England,  and  a  Commission  which  wu 
appointed  in  1470  reported  that  very  few  lepers  were  left  in  the  laair- 
houses.  Leprosy  had  practical ly  disappejired  from  England  before  the 
accession  of  Henry  the  Eighth,  l:>ut  not  from  Scotland  until  much  lattf. 
The  last  indigenous  leper  w^as  seen  in  the  Shetland  Isles  in  1798,  and* 
case  occurred  in  Edinburgh  in  1809. 

In   France   no  less  than   2000   lazarettos  are  said  to  have  exisi^l 
during  the  tliirtecnth  century,  and  there  were  many  others  in  the  re- 
maining  civilised    parts    of    Europe.      Unquestionably    .a    considerable 
rnimber  of  the  imfortunate   inmates  of  the  lazar-houses  of  the  Middle 
Ages  were  sufferers  from  syphilis  and  various  chronic  diseases  of  the 
skin,  for  we  know  that  in  the  beginning  of  the  sixteenth  century,  wbn 
physicians  were  bett4?r  acquainted  with  such  diseases,  and  especially  with 
the  diagnostic    signs    of    syphilis,  a  revision    w^as    made    of    the   \xax- 
houses  of  France  and  It;dv,  and  it  was  then  found  that  in  manv  of  tbenu. 
thi'  majority  of  the  inmates  weie  not  suffering  from  leprosy.     Takinirt^^- 
the  facts  into  consideration,  it  must  nevertheless  be  admitted  that  tni^ 
leprosy    was   undoubtedly    widely   prevalent  over    the  greater  part  <*f 
Europe  during  the  Middle  Ages,  that  it  gradually  diminished  in  mosxof 
the  countries  from   the  fourteenth   century   onwanls,  and   that  it  ha* 
remained   as    an    endemic    disease   in    certain    districts    only.     The  de- 
scriptions of  tlie  mediaeval  writers  shew  that  the  disease  was  the  su»^ 
then  as  now. 

Geographical  Distribution. — At  the  present  time  leprosy  is  wi«Wj 
but   uneiiually  distributed   over   the  earth's  surface.      It  occurs  « *" 
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i^tidemiv  disease  in  many  places  in  the  tropics,  in  the  temper»t«  zones, 
Mid  even  bo  far  north  aa  the  Afctic  Circle. 

In  f^irope  the  principal  centres  are — (1)  i"  ^Vestein  Norwiiy,  uear 
Bt'rgeti,  along  ihe  borrlera  of  tho  Nordo  and  Mondre  Fiords ;  in  the 
nrighlioiirhood  of  Molde  and  Trondhjeni,  and  as  tar  north  as  Hammerfest 
and  the  Lofoden  Islands;  {2)  North  Riissiii,  the  countries  and  provinces 
on  the  borders  of  the  Baltic  (Finland,  Lirland,  Courliind,  etc.) ;  (3) 
Sonthern  Russia  {the  province  of  Kherson,  Tauride,  the  Don  Cossack, 
Cuban  and  Tersk,  Stavropol,  Aiitrakhan,  and  Ural  Cossack    Districts) ; 

(4)  Greece  (Acaniania,  Laconia,  Messenia,  and  the  Grecian  Archipelago) : 

(5)  Turkey  (Theaanly,  Macedonia,  Rumelin) ;  (6)  the  larger  Mediter- 
nntuui  Islamls  (Cret«,  Cyprus,  Sicily,  etc.) ;  (7)  Spain  (Alicante,  Malaga, 
GraruuU  and  Seville) :  and  (8)  Portugal  (Bcira,  EstremaUura,  Algarve). 
Leprosy  is  prevalent  in  Iceland,  and  until  recently  increasing :  Bjarri- 
hedinaaon  states  that  the  cases  are  now  about  130. 

A  limited  number  of  indigenous  cases  are,  moreover,  still  to  be  found 
in  several  other  European  countries,  for  example,  in  Sweden,  Italy  (the 
fiivieni,  Naples),  Rumania,  Hungary,  France  (the  Riviera,  Nice,  about 
the  delta  of  the  Rhone,  and  poasibly  Brittany)  and  in  North-East 
Prussia. 

The  European  leper  asylums  now  estAblished  are  situated  at  Bergen ' 
«nd  Trondhjem  (the  Norwegian  asylums  now  contain  together  about 
250  inmates),  Reihiavik  (Iceland),  Dorgiat  (also  at  Oesol,  Rigi,  nml 
Lirland  in  the  Baltic  provinces),  Constantinople,  Cyprus,  San  Remo, 
Alicante,  and  Lisiwn. 

In  other  places  where  leprosy  is  not  entlemic,  cases  are  occasionally 
met  with,  as  in  London,  Paris,  Vienna,  Berlin,  Rome,  etc.,  but  such 
patients  have  invariably  acquired  their  disease  as  natives  or  dojoumers 
in  Bome  other  country  in  which  it  porsials.  In  1897  I  estimated  that 
there  had  been  Hince  I8S5  from  80  to  100  lepers  in  Great  Britain  and 
Ireland — ^I  could  find  defimto  records  of  .^fl  cases.  About  -30  have  bei'ii 
under  my  own  observation  within  the  last  18  years  in  London.  There 
is,  however,  nu  reason  to  suppose  that  leprosy  is  increasing  in  this 
country.  With  two  doubtful  exceptions  all  the  cases  had  lived  in 
leprous  countries.  Mr.  Pemet  has  lately  estimated  that  there  are 
ibttbly  not  more  than  40  at  the  present  time  in  the  British  Isles. 

In  Asia  leprosy  is  as  widely  prevalent  now  as  in  ancient  times.  It 
Asia  Minor,  in  Palestine  (with  an  asylum  at  Jerusalem  with 
About  fifty  inmates),  the  mountainous  districts  of  Syria,  Kurdistan, 
Persia,  Turkestan,  Arabia  (especially  at  Muscat),  in  Siberia  (where  in  the 
Yakutsk  district  there  are  probably  about  100  lepers),  Kamtscfaatka, 
Janan,  and  China  (in  the  southern  and  western  coast  districts).     The 

Pieee  leprosy   is  a  matter    of   some    moment    to  other    nations,   for 
-n' 
mi 
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ici>  of  the  recBjit  Minorkn'il*  dLiiiimilioii  of  leprosy  in  Norwny  11 
Miilcir  niiJ  one  of  those  nt  BerRni  linve  Iwn  ilosi"!  for  that  rliwiu 

(Baal  inform*  ine  tliM  "the  number  of  ItpiTS  in  Norwiiy  nt  the  end  of  190i  nns 

''Ir  hmnea  toA  ihl  in  Hie  aiylunia." 


emigrants  from  that  country  have  pliiiited  new  foci  for  tlie  extenmsof 
the  disease  in  more  thftn  one  distant  place  in  both  hemisphere*. 

Leprosy  exists  throughout  the  Indian  Peninsuln.,  heiiig  e^)ect»Q} 
prevalent,  both  absolutely  and  relatively,  in  the  Burdwau  laul  Koiuub 
districts  of  Bengal  and  the  Bombay  part  of  the  Deccaii.  Then  tn 
asylums  at  Calcutta,  Bombay,  and  many  other  places,  but  it  is  estinalwi 
that  ftt  present  not  more  than  2  per  cent  of  the  Indian  lepers  &n  Htm 
eared  for.  It  is  rare  in  Sind,  common  in  Ceylon  and  the  Andamin  ui 
Laccadive  Islands.  It  is  also  frequently  met  with  in  Burma,  Svol. 
Cochin  China,  and  the  Straita  Settlements,  where,  at  Penang,  there  b  a 
large  asylum.  Numerous  cases  occur  in  Java,  Sumatra,  and  tlie  otlie 
islands  of  the  East  Indian  Arcliipelago,  and  also  in  Borneo. 

As  regards  Africa,  we  find  the  disease  extensively  difiused  in  Egj-pi, 
both  in  the  Nile  basin  and  along  the  shores  of  the  Mediterrunean  unl 
Red  Seiis.  It  is  also  prevalent  in  Abyssitiia — on  the  coasts  as  well  » in 
tlie  plains  and  hill  districts.  It  occurs  in  Algiers  and  Morocco,  bat  hm 
it  has  probably  been  more  often  confused  with  syphilis.  It  is  found  in 
the  Canaries  and  Madeira,  and  less  commonly  in  the  Azores ;  and  it  ilw 
exists  at  St.  Helena.  On  the  West  Coast  it  extends  from  Senepuntu 
to  Cape  Lopez ;  according  to  Tonkin  it  ia  more  prevalent  in  the  inW 
districts  far  away  from  the  coasts  and  rivers.  It  is  probably  endemic  in 
the  inteiior  of  Africa,  for  it  is  not  unfrequently  found  in  slaves  from  tbc 
Sudan  and  elsewhere.  The  disease  is  common  in  South  Africa,  vbiif' 
it  is  generally  believed  to  be  increasing,  and  a  large  leper  eettletUMil  i) 
in  active  work  at  Kobben  Island  near  Cape  Town.  Since  I860  » 
endemic  centre  has  sprung  up  among  the  Zulus  who  had  migraUiI  t« 
Natal.  Livingstone  met  with  it  in  his  travels,  and  there  is  now  ■  centn 
ill  German  East  Africa.  On  the  East  Coast  cases  are  ako  found  •! 
Zanzibar,  Mo7Arabiqne,  and  in  the  islands  of  Madagascar,  AlannUi^ 
St.  Marie,  Reunion,  Rodrigues,  and  the  Seychelles. 

In  Australia  cases  of  leprosy  have  been  cropping  up  within  tlw  W 
thirty  years,  chiefly  among  the  Chinese,  but  also  to  a  less  eitent  101011; 
the  white  colonisU.  From  1S83  to  the  end  of  1904,  ninety-six  c»«btd 
l)een  under  the  cognisance  of  the  New  South  Wales  Eoanl  of  Heuldi ;  »> 
the  latter  date  there  were  seventeen  in  the  lazaretto  at  Little  Buy  nmr 
Sydney — seven  being  natives  of  Now  South  Wales  of  Eurojiean  dweft 
five  whites  from  other  countries,  and  the  rest  coloured.  A  rigid  (tTW" 
of  segi'egation  has  been  adopted  in  this  colony.  Several  ca8e«,dii(BT 
Chinese  and  Kanakas,  have  occurred  in  (jut'ensland  and  Victoria  axd  W 
or  two  in  other  jxirts  of  Australia. 

In  New  Zealand  a  small  centre  has  long  existed  among  the  Mvvi''' 
Taupo  and  Rotorua.  The  disease,  which  is  chiefly  kiiown  by  the  ««■• 
of  "  Ngerengere,"  is  believed  to  have  been  introduced  towards  the  end  w 
the  seventeenth  centurj' ;  it  appears  to  be  dying  away.  Two  cases  h»" 
been  reported  among  the  whites,  and  one  in  a  Chinaman. 

The  Hawaiians,  in  proportion  to  their  numbers,  are  probably  lof 
afflicted  with   leprosy  at  the  present  time  than  the  inbabituil      '  """ 


other  part  of  the  world.  The  leper  Bottlement  ai  Molokai  was  eaiab- 
lishcd  in  1865,  ehorlly  after  a  manifest  increase  bad  been  observed  in 
the  number  of  coses  throughout  the  islands:  from  that  date  to  1896 
5124  lepers  were  received.  The  average  number  of  the  leprous  popula- 
tion in  the  setllemeni  for  some  years  has  been  upwards  of  1 000. 

The  disease  is  also  well  known  in  the  Philippines,  Fiji,  Tahiti,  and 
other  islands  of  the  Pacific,  but  information  on  the  subject  except  as 
rcgiirds  Fiji  is  scanty. 

The  western  hemisphere  was  probably  first  invaded  by  leprosy  in  the 
seventeenth  century — indeed  from  the  time  of  the  importation  of  negro 
slaves  from  Africa.  It  is  also  probable  that  some  cases  came  from 
Portugal  and  Spjiin.  In  certain  parts  of  America  and  in  some  of  the 
West  Indian  Islands  the  disease  is  at  the  present  time  very  common  ; 
other  places,  on  the  other  hand,  are  quite  exempt.  There  are  five  en- 
demic centres  in  the  noithem  continent — at  Louisiana,  Florida,  California, 
nt  Tracadie  in  New  Brunswick,  and  al  Cape  fireton.  In  the  first-named 
ilistrict  it  appears  to  he  increasing,  while  in  New  Brunswick  it  has 
decreased  during  the  last  few  years.  There  are  a  few  cases  also  in 
Texas  and  South  Carolina. 

The  disease  is  also  Ut  be  found  among  the  Chinese  in  British 
Columbia,  and  among  the  Norwegians  of  Hilinnesota,  Wisconsin,  and 
Dakota.  In  none  of  these  districts  is  there  much  evidence  of  its  spreading. 
The  Norwegian  lepers,  in  fact,  have  diminished  from  1611  known  cii*es  to 
under  30.  White  ostiraates  the  "sporadic"  cases  to  be  found  in  other 
suites  of  the  Union,  chiefly  in  the  large  cities,  at  about  20.  A  com- 
mission appointed  in  1899  ascertained  the  existence  of  not  less  than  278 
cases  for  the  whole  of  the  United  States. 

in  Central  America  leprosy  is  generally  difTused  in  Mexico  and  Costa 
Rial,  and  is  occasionally  seen  in  Nicaragua. 

Ill  South  America  it  la  especially  common  in  British  and  French 
Gitiana,  less  so  in  Dutch  Guiana.  Brazil  is  largely  infected,  and  it  also 
occurs  in  Noith  Argentina  and  Paraguay.  There  are  many  cases  in 
'  Ecuador,  very  few  in  Peru,  and  apparently  none  in  Bolivia  and  Chile. 
It  is  common  in  Columbia  and  Venezuela,  and  in  several  of  the  West 
Indian  Islands,  for  example,  Jamaica,  Barbados,  Trinidad,  Cuba,  and 
Hayti. 

Varieties  of  Leprosy. — Althoiigh  leprosy  is,  undoubtedly,  a  distinct 
nnd  fairly  definite  disease,  the  cases  may  be  conveniently  gi'ouped  under 
at  least  two,  possibly  three,  categories— according  to  certain  predominat- 
ing eJinical  characters  ;  thus  we  have  the  so-called  "  varieties  "  or  "  forms  " 
of  leprosy,  namely,  (1 )  the  nodidnr  (also  called  "'  tuberous,"  "  tuborculated," 
cW:.);  (2)  the  snuMlh  (also  called  "  aniesthetic,"  "non-tuherculated,"  "tropho- 
neurotic," etc.);  and  (3)  the  mi.r,-d.  lu  the  first,  the  skin  is  primarily 
and  chiefly  aft'ected ;  in  the  second,  the  nerves  are  most  implicated  ;  and 
in  the  third,  both  the  skin  and  nerves  are  more  or  less  extensively 
diseased.  These  three  varieties  are  not  distinct  processes,  for  the  two 
—  first  often  pass  into  each  other;  most  tuberous  cases,  indeed,  at  some 
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time  or  other  exhibit  peripheral  anaesthesia,  and  often  terminate 
"  mixed  "  leprosy ;  and  more  rarely  the  so-called  anaesthetic  form 
develop  "  tubers  "  on  the  skin.  This  artificial  classification,  therefore, 
only  adopted  here  for  convenience  of  description.  The  "  mixed "  fc 
is  by  no  means  universally  accepted  as  a  variety,  as  it  is  by  many 
sidered  to  be  but  the  complete  manifestation  of  the  disease.  "  Macuhr  " 
leprosy,  also  sj)oken  of  formerly  as  a  variety,  is  merely  an  early  stagf-=^ 
"  Lepra  mutilans ''  and  other  names  have  been  given  to  cases  whickA 
present  particular  features. 

The  percentage  of  the  three  forms  varies  much  in  different  placet-^ 
JUS  shewn  in  the  following  table  : — 


1 

1     Trinidad. 
^       (Rake.) 

Denierani. 
(Hillis.) 

(Ck) 

India.               Nanray. 
mnii>isioii.)  (DaiiieUiM^L) 

1  Nodular  . 

1 

36 

21 

122 

51-6 

1 

Smooth    . 

1 

.    1           44 

62 

56  6 

33-3 

Mixiul 

1 

L 

20 

17 

31 

15*1 

It  is  urged  by  Hillis  and  others  that    the    three    forms  run  their 
course  each  in  a  peculiar  maimer ;  and,  as  will  be  seen  below,  it  is  tne 
that  the  clinical  features  in  the  two  chief  classes  of  eases  diflfer  throogb- 
out  .the  progress  of  the  disease  in  important  particulars,  the  difference 
de2)ending  upon  the  order  of  invasion  of  the  tissues. 

Etiology. — It  will  be  seen  later  that  leprosy  is  always  associated  with 
a  specific  bacillus,  and  also  that — with  the  exceptions  noted,  all  of  vhidi 
need  confirmation — this  bacillus  has  not  yet  been  certainly  cultivated  out- 
side the  body,  or  undoubtedly  inoculated,  with  subsequent  proliferatiom 
into  the  tissues  of  man  and  other  animals. 

Although  it  is  thus  evident  that  in  the  cfise  of  leprosy  only  the  firpt 
of  Koch's  postiUate-s  is  as  yet  with  absolute  certainty  fulfilled,  neverthe- 
less from  the  close  analogy  ])etween  the  bacilli  of  leprosy  and  of  tuber- 
culosis, and  from  other  considerations,  pathologists  have  felt  justified  in 
accepting  the  Bacillus  lepra,,  or  the  poison  secreted  by  that  organism,  a? 
the   true   c«iuse   of  the  malady.     This  being  granted,  we  must  r^n^ 
leprosy  as  a  "  specific  infective  disease,''  and  admit  the  possibility  of  i 
communicability  from  one  person  to  another.     Moreover,  as  the  baclDii 
has  never  yet  been  foun<l  growing  outside  the  human  body,  although 
it  is  thrown  off  in  great  quantities  in  leprous  discharges,  avc  are  driven  to 
acknowledge  that  its  only  source  at  present  definitely  known  is  in  tb^ 
bodies  of  lepers.^ 

In  discussing  the  ])rincipHl  etiological  factors  which  have  been  ascnW 
to  the  disease,  we  shall  see  that  the  question  is  a  difficult  one,  and  tbt 

^  If  the  acid-last  baeillu.s  n;ceiitly  foiiiul  in  certiiu  diseased  rats  {viilc  p.  672)  iffDW**' 
bo  identical  with  the  Ji.  lepra,  the  above  slatemeut  must  be  moditieil. 
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ti-lie  present  state  of  our  knowledge,  no  decided  conclusions  can  be 
«iy  arrived  at.  We  shall  briefly  inquire  to  what  extent  practical 
i^rience  confirms  the  above  considerations. 

^orUiigion, — Historical  Evidence, — It  has  been  argued  that  history  has 
k^"ed  the  contagiousness  of  leprosy,  and  that  in  remote  times  it  must 
^  been  spread  in  that  way  from  Egypt  to  the  Levant,  Greece,  Italy, 

the  rest  of  Europe.  The  absence  of  early  record  of  it  in  a  country 
^  not  prove  that  the  disease  did  not  exist  there  ;  but  we  may  assume 
^  the  difl^usion  of  knowledge  from  the  East  would  tend  to  the  ol)serva- 
I.  and  recognition  of  such  a  diseiise.  Moreover,  other  possible  etiologi- 
"if  actors  which  obtain  at  the  present  day  must  have  been  existent  then, 
^9  as  we  shall  see,  it  is  by  no  means  improbable  that  the  virus  of  the 
^«kse  may  invade  the  human  system  in  more  ways  than  one. 

It  has  been  further  maintained  that  the  contagiousness  of  leprosy  is 
'ved  by  the  diminution  or  extinction  of  the  disease  after  the  segrega- 
:^  of  lepers  in  the  Middle  Ages  in  England  and  other  parts  of  Europe. 
»  know,  however,  that  the  isolation  of  lepers  was  never  absolute ;  and 
•t»  although  they  may  have  had  to  appear  in  a  special  dress  and  with  a 
I*  of  clappers,  and  were  objects  of  abhoiTence,  they  were  frequently 
>'vred,  nevertheless,  to  wander  about  and  shed  their  bacilli  over  the 
'face  of  the  earth.  It  is  needless  to  say  that  antiseptic  precautions 
fe  then  unknown.  We  may  indeed  conclude  that  historical  evidence, 
though  indicative  of  some  amount  of  human  transmission  of  thc^ 
ease,  does  not  prove  its  communicability  only  by  contagion. 

Contagion  at  the  Present  Day. — Most  of  the  alleged  instances  of  coni- 
Linication  of  leprosy  from  one  person  to  another  have  occurred  in 
i-ntries  where  the  disease  is  endemic,  and  are  therefore  open  to  the 
lection  that  the  virus  may  have  been  acquired  otherwise  than  by  Con- 
xion. Even  in  such  countries  instances  of  apparent  contagion,  with 
1  data,  are  comparatively  uncommon.  For  instance,  during  the  stay  of 
^  Leprosy  Commission  in  India,  eight  cases  of  the  kind  were  brought 
"^^^ard,  but  only  one  stood  the  test  of  close  examination.  This  case 
■%  that  of  a  sweeper  in  the  Calicut  Asylum,  in  whom  leprosy  appeared 
ex  dressing  the  sores  of  the  inmates  for  twenty  years.  At  Trinidad, 
^n  years,  only  one  case  was  noticed  of  apparent  contagion — that  of  a 
**i  who  developed  the  disease  two  years  after  living  \vith  a  leprous 
^Hoan.  Many  cases,  however,  have  been  recorded  in  India,  British  Guiana, 
d.  other  parts  of  the  world ;  and  Hillis  reports  60  cases  of  leprosy 
Attracted  by  healthy  persons  living  in  the  immediate  vicinity  of  the 
^iaica  Asylum.     Donovan  has  recorded  a  case  from  the  Lepers'  Home 

Spanish  Town,  Jamaica.  A  cook  after  being  employed  there  for 
Venteen  years  exhibited  the  disease.  He  frequently  slept  at  the  asylum, 
^^  was  assisted  in  his  work  l)y  two  leper  inmates.  No  member  of  his 
^ily  had  ever  been  aflfected.  Supposed  instances  of  contagion  have 
•o  been  brought  forward  within  recent  yeare  by  Moore  and  Cayley  in 
^dia,  Ross  in  South  Africa,  Heidenstam  in  Cyprus,  Miinch  in  South 
Uasia,  Simons  in  South  Africa,  Tach6  in  New  Brunswick,  Hellat  in  the 
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Baltic  Provinces,  and  Azevido  Lima  in  Brazil ;  some  of  these  repor^ 
reliited  to  attendants  and  others  employed  in  leper  asylums. 

The  accounts  of  Europeans  who  have  contracted  leprosy  in  leprol^^ 
countries  are  far  more  important,  for  such  subjects  are  probably  less  dirt  ^,.^1.^ 
and  careless  in  their  habits,  and  cannot,  like  some  natives,  be  regarded: 
having  any  special  tendency  to  take  the  disease.     Several  instances  aTC< 
record  of  Europeans  who  were  associated  Mrith  lepers  and  acquired  tl 
malady,  for  example,  Fathers  Damien  and  Gregory  in  Molokai,  Fathers 
Boglioli  in  New  Orleans,  a  French  Sister  of  Mercy  in  French  Guiana,  andV 
another  in  Tahiti.     The  two  latter  are  said  to  have  pricked  their  finger*^ 
with  ntjcdles  while  sewing    lepers'   clothes.      Small  isolated   outbreaki  - 
traceable  to  the  settling  of  lepei-s  in  districts  previously  free  from  leprosr, 
have  also   been   reported   in   Russia,  Louisiana,   New  Brunswick,  Capf 
Breton,  and  Parcent  in  Spain.     It  must  be  admitted,  however,  thai  io 
all  these  cases  the   virus  may  have  been  introduced   through  food,  or 
bv  other  means. 

On  the  other  hand,  there  is  a  mtiss  of  negative  evidence.     Thus,  tli« 
Dominican  Nursing  Sisters  in  the  Trinidad  Asylum  have  been  in  constant 
contact  with  the  lepers  foi'  thirty-six  years,  and  not  one  of  them  hsi 
become  infected.     The  experience  in  a  large  number  of  other  asvlumi 
has   been    the  same.     Zambaco  Pacha  relates  the  case  of  the  rnideDt 
priest  at  the  asylum  at  ConsUintinoplc,  whose  family  for  three  generatioii* 
lived  among  and  freely  mixed  with  the  lepers,  without  contracting  the 
disease ;    and  similar  instances  are   indeed    innumerable.       As    pointed 
out  by  Ashburton  Thompson,  the  case  of  the  Kokuas  and  Kamaaina^ 
at   Molokai   is    suggestive  :    these    people,  although  for   many  years  it 
fre<iuent  and  close  communication  with  the  lepers  of  the  settlement,  hav^ 
not  ac(piired  the  disease  in  any  remarkable   proportion.     Medical  dob 
in  various  parts  of  the  world  have  pricked  their  hands  in  surgical  vA 
post-mijrtem  operations  on  lepers  and  have  not  taken  the  disease.    ManC" 
accounts  have  been  published  of  healthy  persons  cohabiting  with  lepen* 
for  years  with  impunity.      Three    cases    in  point    have    been  recently 
under  luy  own  observation  in  England.     Leprosy  has  not  yet  spntd 
from  the  Chinese  in  California,  nor  from  the  Norwegian  lepers  who  emi- 
grated to  North  America,  with  the  exception  of  one  cise  in  Minneif»t» 
reported  by  B.  Foster ;  and  although  there  is  always  in  London,  Paris* 
and  other  European    centres    an    appreciable  number  of    patients  v^ 
have  contracted  leprosy  abroad,  the  diseiise,  with  the  exception  of  ^ 
c^ts«)s  about  to  be  referred  to,  has  not  been  acquired  by  people  \rith  wIk* 
tlie  lepers  have  associated. 

Insfinu'Cii  of  TnuhwiissioH  in  Leprosy-free  Countries, — The  mostimporttf* 
ca.s(?  of  this  kind  yet  known  in  this  country  is  that  recorded  by  Dr.  Hawtrt 
Benson  in  Dublin.  An  Irish  soldier  returned  from  India  with  W!F 
doveloped  leprosy.  For  a  year  and  a  half  his  brother  slept  in  the  f^ 
be<l  with  him,  and  he  wore  the  leper's  clothes  after  the  latter's  (!»'*• 
Thrtic  years  later  this  brother,  who  had  never  been  out  of  the  Tnitw 
Kingdom,   manifested  leprosy  and  died  of  it.     The  diagnosis  ira*  ^ 
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id  by  medical  men  well  acquainted  with  the  malady,  and  we  miay 
't  the  case  as  conclusive.  Similar  instances,  perhaps  not  quite  so 
rom  doubt,  have  been  also  recorded  by  Drs.  Liveing,  Rees,  Atkinson, 
> tilers.  A  case  ap|)arently  free  from  doubt  is  recorded  (1904)  by 
'  of  Strassburg.  A  man  suftering  from  leprosy  acquired  in  Tonkin 
r\  Strassburg.  In  1902,  his  nephew,  aged  nineteen,  who  had  never 
d  out  of  Urbach,  a  leprosy-free  area,  presented  himself  at  the 
"with  leprosy.  His  uncle  had  lived  in  the  house  and  in  close 
at^ion  with  the  lad  for  two  months. 

'^  must  therefore,  on  the  whole,  admit  that  in  some  cases  leprosy 
e-en  communicated  from  one  person  to  another.  Possibly  such 
toes  would  be  brought  before  us  in  greater  numbers  were  it  not  that 
S€?a8e  is  one  of  very  slow  incubation,  and  its  prodromes  are  frequently 
a.nd  overlooked.  Even  with  diseases  of  acknowledged  contagiousness 
t>Tious  early  symptoms,  it  is  often  difficult  to  trace  the  contagion. 
c  leprosy  be  "  contagious  "  in  the  ordinary  sense  of  the  term,  it  must 
iTi  a  comparatively  very  slight  degree,  far  less  so  indeed  than  tuber- 
.8-  We  shall  see  how  difficult  it  is,  to  say  the  least,  *to  inoculate 
isease,  and  we  have  no  evidence  that  the  bacilli  can  enter  the  body 
tgh  the  unbroken  skin.  When  it  spreads,  therefore,  as  it  has  done 
i^tain  countries  to  a  significjint  extent  within  a  few  years,  we  are 
led  in  asking  whether  there  must  not  be  something  more  than  mere 
^gion  to  account  for  its  incre^use. 

'^uccination  as  an  alleged  Etiologiml  Feature. — CerUiin  persons  blindly 
*<liced  against  the  practice  of  vaccination  have  sought  to  lay  the 
^d  of  leprosy  to  its  charge.  For  many  years  the  minds  of  observers, 
[>etent  and  otherwise,  all  over  the  world  have  been  open  to  the  possi- 
y  of  the  introduction  of  the  disease  with  the  virus  of  vaccinia,  and  it 
iUaarkable  how  few  authentic  instances  have  been  brought  forward  of 
I  supposed  dissemination ;  this  question  is  fully  considered  by  Dr. 
and  in  his  article  on  "  Vaccinia  *'  in  Vol.  II.  part  i.  (p.  735),  and  it  is 
^  that  the  alleged  cases  of  transmission  of  leprosy  by  vaccination 
open  to  serious  doubt,  and  that,  assuming  the  presence  of  leprosy 
illi  to  be  necessary  to  produce  leprosy,  no  danger  need  be  apprehended 
m  the  vaccine  lymph  even  of  a  leper,  })rovided  he  be  vaccinated  on 
hhy  skin. 

Uerediiij, — Until  recently  a  belief    in    the  heredity  of    leprosy  was 
ely   spread    among  medical  men,  as  it  still  is  among  the  ordinary 
ibitants  of  infected  countries ;  and  it  was  often  pointed  out  that  the 
ase  seemed  to  prevail  in  certain  families.     In  such  cases,  however,  the 
ction  appeared  in  collateral  members  rather  than  in  the  direct  line. 
Even    if    it   be    true,  as  suggested  by  Virchow,  that  an    inherited 
K)sition  to  the  disease  may  exist  in  certain  families  (and  there  is  reason 
oubt  whether  such  a  predisposition  be  transmitted  to  any  large  extent), 
oee  investigation  of  the  facts  indicates  that  heredity  can  have  but 
e  effect  in  the  dissemination  and  perpetuation  of  leprosy. 
The  following  considerations  bear  \\\yon  this  question  : — 
VOL.  II. — PT.  II  2  U 


6s8  SYSTEM  OF  MEDICINE 

(1)  In  all  the  leprous  countries  of  the  world  a  genealogical  (i 
taint  can  be  tiiiced  id  comparatively  few  casea  ;  and  even  llioso  in  wfai^ 
brothers  or  siatorg  and  coiluteral  branches  ai-o  or  have  be^ii  atTected  tn 
not  GO  general  as  might  bu  suppomid.  Thus,  in  India,  ibe  Commimon 
could  only  discover  family  hiaUiriea  of  tbe  diaease  in  ^  or  6  jier  cent  iif 
the  lepers  seen  ;  and  in  Crete,  ^'andyke  Carter  found  a  similarly  ksuU 
proportion  of  "hereditary"  cases.  Among  118  patient*  at  theTsnTwu 
Asylum,  38  stated  that  one  or  more  of  their  blood-relations  were  or  h 
been  lepers ;  but  of  theee,  in  only  1 6  had  one  or  bolb  of  the  pareoU  W 
grandparents  been  uffect«d.  It  is,  moreover,  not  stated  whether  tJi. 
disease  made  its  appearance  in  the  latter  before  or  after  its  devo^mou 
in  their  oSspring. 

(•1)  Immigrants    from    leprosy -free    countries,   or  tbeir   imniHliM 
descendants,  in  whom  there  could  be  no  hereditary  trace  of  -tli*  diM 
frequently  become  leprous  in  infected  countries. 

Of  i2  cases  of  leprosy  recorded  by  Blanc  at  New  Orleans.  13  « 
natives  of  foreign  countnes  (7  German,  1  Austrian,  I  KnglLsli.  I  lr<4 
1  French,  and  1  Italian),  and  of  the  remainder,  18  were  the  cliildrui  li 
foreign-born  parents  (chiefly  German  and  Irish),  "from  whieli  w«  o 
elude,"  he  says,  "that  if  the  disease  be  hereditary  it  must  be  deiii 
from  a  variety  of  foreign  aources,  and,  if  acquired,  then  it  Meaia 
attack  the  children  of  immigrants  aa  often  as  those  of  the  oldtr  inli 
families." 

(3)  One  or  more  of  the  yoimger  generation  often  beoonut  b^m 
while  the  parents  and  grandparents  are  not  affected  ;  and  thesa  hI'B' 
occasionally  become  diseased  some  time  afWr  the  children. 

(4)  When  lepers  beget  children  the  latter  frequently 
from  the  disease ;  for  instance,  in  the  Almora  Orphanage,  where  ibsf  u* 
separates!  from  their  mothers  at  an  early  age,  oidy  one  out  of  fift«oi  ta 
manifested  leprosy ;  in  the  Trinidad  Orphanage,  howevei 
became  atl'ected. 

Bibb,  on  the  other  hand,  reports  two  cases  tn  Mexico  in  whioh  ^ 
subjects  were  removed  at  birth  from  leprous  mothers,  brniiglil  vp  V 
districts  free  from  leprosy,  ami<l  healthy  surroundings,  and  Itfnf  ■* 
contact  with  le|>era,  but  who  nevertheless  became  diseased  at  or  J'*' 
twenty  yeara  of  age.  He  regards  these  as  giMxl  instances  of  heredi'*'! 
transmission. 

Pi<rhaps  the  strongest  evidence  yet  adduced  agtunst  the  haredit}  *" 
leprosy  is  that  brought  forward  by  Hansen,  who  made  a  sjiccia]  Jouf^ 
to  North  America  to  discover  what  had  become  of  the  160  ko«^ 
Norwegian  lepers  who  had  emigruted  and  established  theinselvea  in. 
States  of  Wisco[isiu,  Miimesota,  and  Dakota.  He  found  that  not  of»* 
their  descenHaiils,  as  far  aa  the  grmt- grandchildren,  had  exhibilMl 
disease. 

(5)  Lejiera  are  extremely  sterile  ;  hence,  even  if  tbey  wpro  allo^ 
to  marry  freely,  the  disease,  if  its  transmission  depended  on  heredity  C^ 
wonld  soon  become  extinct.      At  Alolokai,  in  eighteen  years,  of  9^ 


lepei-s  who  were  iticarcei-aled,  but  with  free  intercourse  among  themflelves, 
not  mure  than  26  chiMreii  born  in  the  settlement  were  found  living  at 
the  end  of  the  period,  and  at  these  only  two  bxd  become  leiKrs. 

In  India  it  has  been  culciilnted  tlutt  the  uvemge  number  of  childi-en 
to  each  murriage  between  lejtei-s,  or  between  »  It-jter  and  u  heiilthy  person, 
is  less  than  one.  At  Turn  Taran  ^I  ctuldi-en  were  the  prngeny  of  55 
tnajTJages.  Only  four  females  in  that  asylum  in  whom  the  disease  bad 
iJready  Ueclai'ed  itself  gave  birth  to  children,  and  these  amounted  to  five 

Two  lepers,  a  male  and  femule,  each  married,  under  my  care  in 
England  have  had  children  Kinca  their  disease  appeared — the  niiin  four, 
and  the  woman  two.  In  both  families  the  children  have  remained 
perfectly  healthy,  as  well  as  the  wife  of  the  one  and  the  husband  of  the 
other. 

(G)  Cases  of  congenital  leprosy  are  very  rare;  of  the  few  instances 
recorded  in  whiclj  infants  were  born  with  sup{M3sed  marks  of  the  diseasi! 
upon  thorn,  it  is  quite  possible  that  the  symptoms  were  really  those  n( 
syphilis.  Navarro  has  repoi'ted  two  cases  in  Colombia  as  occurring  in 
1847  and  1848,  and  two  infanta  at  Trondhjem  are  reported  to  have  been 
leprous  at  or  shortly  after  l>ii-th.  Although  children  arc  sonielimes 
afleeied,  the  enormous  majority  of  the  cases  shew  the  typical  period  of 
onset  of  the  disease  to  be  in  young  a<lult  life ;  some  few  lepers,  however, 
do  not  present  the  firat  signs  of  leprosy  until  extreme  old  age.  I  myself 
saw  in  Norway  three  patients  upwards  of  eighty  years  of  age,  who  had  ' 
beon  leprous  for  two  or  three  years  only. 

InfiutMf.  <j  Ukt. — At  various  times  and  in  various  countries  a  great 
iDHiiy  articles  of  food  have  been  declared  to  be  the  cause  of  leprosp ;  but 
although  it  is  quit«  possible  that  the  bacilli  may  sometimes  giiin  entrance 
tu  the  body  with  the  irigesta,  and  that  the  tissues  of  those  who  partake 
uf  certain  foods  may  be  rendoi'ed  less  resistant  or  more  susceptiblf  to 
the  gi-owth  of  the  micro-organism,  we  cannot,  on  the  facts  before  us, 
definitely  connect  the  disease  with  any  paitieular  diet. 

A  causal  relation  has  been  alleged  between  leprosy  and  a  vegetable 
or  ntin- nitrogenous  diet,  a  diet  of  salted  food,  of  food  without  suit  (ably 
argued  by  Munro),  of  porl>,  uf  fish,  and  of  many  other  things,  and  the 
lue  of  contaaitnate<l  water  has  been  suggested  by  Dr.  Liveing  and  others. 

The  fish  hypothesis,  which  dates  back  from  the  time  of  Avicenna,  has 
been  supported  by  various  writers,  and  in  recent  years  particularly  and 
most  ably  by  Mr,  Jonathan  Hutchinson.  It  is  argued  (hat  the  chief 
centres  of  leprosy  are  on  the  sea-coasts,  or  along  the  boiviers  of  large 
rivers,  where  the  people  live  chiefly  on  fish-  often  more  or  less  decom- 
posed, uncooked,  dried  or  salted ;  but  it  is  likewise  true  that  the  disease 
is  also  largely  prevalent  in  places  far  from  seas  and  rivers,  and  where 
Sab  cannot  be  obtained,  for  example,  in  the  mountains  of  Runlislan, 
my  parts  of  India,  Kashmir,  and  so  forth.  In  India  certain  castes  of 
lias>  Brahmins,  and  Banias  religiously  abstain  from  all  animal  fond,  and 
Hiy  of  them  at  least  never  taste  fish  :  nevertheless  leprosy  occurs 
'vaa.     In  the  iiill  districts  of  Almora  and  Dehra  Duntho 
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Commissioners  met  with  lepers  who  not  only  had  never  eaten  tish,  ut 
who  did  not  even  recognise  the  form  of  a  tish  when  shewn  to  then. 
Fish  and  preparations  of  fish  of  all  kinds  have  been  carefully  examiiKd 
for  bacilli  in  leprous  countries,  but  without  success. 

Mr.  Hutchinson  has  lately  visited  South  Africa  and  India,  especiallT 
to  investigate  the  evidence  in  connexion  with  the  fish  hypothesis,  \\l: 
that  the  use  of  unsound  fish  as  food  is  the  main  cause  of  leprosy  -and 
he  believes  that  the  facts  which  he  hiis  collected  ai-e  practically  conclusive 
He  doubts  the  statements  of  natives  who  do  not  admit  ever  having  eaten 
fish,  and  he  points  out  that  even  in  mountainous  and  inland  di«uiet« 
dried  preparations  of  fish  are  frequently  to  be  met  with.  This  authoritj. 
however,  met  with  instances  in  Africa  where  "children  who  had  he« 
bred  up  in  company  with  a  leper,  but  who  were  descended  from  healthy 
parents,  and  who  had  never  eaten  fish,  had  become  the  subjects  of  the 
disease."  He  believes  that  this  "  commensal "  communicabilitv  ii, 
nevertheless,  very  rare. 

Th(>  Influent'  of  Poveiti/,  etc. — That  poverty  and  bad  hygiene  hareao 
indirect  effect  on   the  prevalence  of  leprosy  must,    however,   be  freelr 
admitted.     The  poor  in  all  the  countries  in  which  the  disease  is  endemic 
suffer  more  frequently  than  the  rich,  although  the  latter  by  no  merns 
escape  ;   and  we  may  well  believe  that  insufficient  or  innutritions  diet 
may  render  people  more  prone  to  its  acquisition.     It  is  thought  by  manr, 
indeed,  that  the  diminution  and  extinction   of  leprosy  in  most  of  the 
countries  of  Europe  was  due  more  to  the  improved  well-being  of  thr 
people  as  to  food,  clothing,  cleanliness,  etc.,  than   to  the   measures  oE? 
isolation. 

The  Inflmmces  of  Race,  CliiiuUe,  etc,,  need  only  be  alluded  to  verttr 
briefly.  No  nations  are  exempt,  and  the  disease  may  occur  in  th-*« 
coldest  as  well  as  in  the  hottest  climates,  in  moist  or  in  dry  districts,  i^^ 
plains  or  on  mountains.  Nor  has  any  direct  connexion  been  shei 
between  leprosy  and  other  diseases  such  as  syphilis,  tuberculosis,  scabi* 
With  leprosy,  as  with  other  diseases,  anything  which  lowers  utalit  ^ 
may  render  the  system  more  liable  to  its  acqmsition  and  less  able  rr*:] 
resist  it«  progress;  and  it  is  also  possible  that  any  breach  of  the  skiwi 
may  facilitato  the  introduction  of  the  virus.  In  this  latter  way,  posdW^t", 
the  bites  of  insects,  scabies,  and  other  affections  of  the  kind  may  ha^re 
an  indirect  influence,  although  this  has  not  been  proved. 

We  know  by  definite  experiment-il  proof  and  by  clinical  obsemitioo 
that  tuberculosis — the  first  cousin  of  the  disease  under  consideration  — 
may  be  introduced  into  the  body  by  more  than  one  channel,  throogh  th«^ 
respiratory  and  alimentiiry  passiiges  as  well  as  through  the  skin,  and  "^ 
ni:iy  reasonably  suppose  tliat  leprosy  likewise  may  be  acquired  in  *» 
many  ways,  although  the  paths  of  entry  have  not  as  yet  been  ixXh 
tr.'iced. 

Pathology. — Anntomkal  Changes. — Post-mortem  examination,  or  tw 
r)l)servation  of  excised  parts  during  lite,  invariably  shews  that  the  iiltio^f* 
phenomena  of  leprosy  are  due  to  the  development  of  a  characteristic    l;.^ 


leprous  neoplasm  in  certoin  tissiiea  of  the  body,  This  new  growth  ib 
Urgely  composed  of  ao-called  "  leprft-cella,"  rnnny  of  which  are  agglomerHr 
tioRs  of  bacilli,  the  others  being  true  cells  probably  produced  by  prolifera- 
tiun  of  the  tissue-eleuents.  Theite  latter  colls  ajt  well  as  the  accompanying 
leucocytes  may  »1bo  contain  bacilli. 

Tiie  sWte  of  some  of  the  more  important  organs  commonly  aflected 
nuy  be  described,  and  a  full  description  given  of  ihe  neopUtim  as 
observed  in  the  skin.  • 

The  •^kin.^A  young  or  growing  nodule  of  the  skin  when  cut  into 
shews  the  epidermis  normal,  but  the  coriuin  rather  firmer  than  in  health ; 
a  little  viscid  fluid  can  be  aqiioezed  out.  In  the  older  growths  the  cut 
surface  is  grsnnlar,  and  of  a  yellonish- white  colour,  and  the  substance 
is  softer.  The  subcutaneous  tissue  is  also  sometimes  infiltrated,  and  has 
a  gelatinous  appearance  ;  but,  instead  of  softening  with  age,  it  becomes 
firmer.  Occasionally  a  difl'uee  inHltration  is  developed  only  in  the 
stibciitaneous  tissue.  The  walla  of  the  vessels  are  thickened  by  the 
infiltration  of  the  lardaceous-looking  material,  and  the  ner\-es  are  also 
increased  in  size  by  the  same  deposit,  and  by  the  existence  of  a  definite 
nean'tis. 

I  The  sweat-glands,  the  sebaceous  glands,  and  the  hairs  are  gradually 
aotnpreEsed  by  the  surroutiding  leprous  infiltration,  and  finally  they  quite 
disappear.  In  some  cases  hypertrophy  of  the  arrectores  pilonmi  seems 
■t  some  time  to  take  place,  and  at  first  there  may  be  also  hyperti~ophy 
of  the  sebaceous  glands  and  an  increased  secretion  of  sebum.  As  the 
growth  increases  towards  the  surface  the  epidermis  is  pressed  upon  and 
Seconies  attenuated.  The  deeper  parts  of  the  subcutaneous  tissue  and 
'llie  subjacent  tissues  ai'e  at  first  not  directly  involved. 
Under  the  micrOHcnpe,  a  vertical  section  of  a  cutaneous  nodule 
'Cnhibite,  in  place  of  the  normal  connective  tissue,  which  has  become 
■ttered  or  destroyed,  a  large  collection,  or  several  clusters,  of  character- 
ixdc  lepra-deposit,  forming  a  mass  which  is  situated  more  often  in  the 
Biiddle  or  deeper  layers,  but  sometimes  also  in  the  upper  and  papillnrj- 
hyersof  the  corium.  In  the  older  growths,  which  extend  almost  to  thi^^ 
•urface,  the  papillary  body  becomes  thinned  with  obliteration  of  the 
pftpilUe  and  tbianing  of  the  rete  mucosuni  ;  but  in  early  nodules  the 
htter  with  its  int«rpapillary  processes  may  be  intact,  and  a  band  of 
unbroken  connective  tissue  may  be  seen  between  it  and  the  affected  part 
of  the  oorium. 

The  masses  of  bacilli  and  cells,  thus  constituting  the  nodule,  are  at 
first  principally  grouped  around  the  vessels,  nerves,  and  glands,  and  they 

tCftO  be  seen  to  extend  along  the  course  of  the  lymph -channels.  In  a 
wbcutaneous  nodule  from  a  prepuce  cxaminefl  by  myself,  the  new  growth 
'  was  largely  made  up  of  the  immensely  thickened  blood-vessels,  which,  as 
tbey  entered  the  nodule,  shewed  a  dense  infiltration  of  the  adventitia, 
media,  and  intima,  with  obliteration  of  the  lumen. 

Mijpt  of   the  so-called  "  lepra-cella "  are  very  similar  in   superficial 
^^  appearance,    i.t.    when     unstained    by    bacteriological    methods, 
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gi'anulittion-cells  of  lupus,  syphilid,  etc.  They  viuy  In  size  froia  \\ai  d 
an  ordinary  leucocyte  to  four  times  that  size  or  more,  and,  when  8tain«l 
with  hematoxylin  or  by  onlinary  histological  mothode,  many  of  tfcno 
exhibit  one  or  sometimes  two  niioiei.  As  will  be  seen  ilircctly.  they  fMi 
be  shewn  to  contain  specific  bacilli  in  greater  or  less  numbers,  or  lu  l« 
made  \iy  of  more  or  less  dense  collections  of  bacilli. 

Occasiouitlly  very  Inrge   multinuclentcd   cells,  somewhat  resembliiijl 
thu  "giant-cells"  of  lupus,  are  seen  in  the  peripheral  or  deeper  [ttrUdf 
the  growth  ;  and  these  may  have  arisen  in  several  ways,  for  exaiD{db 
by  the    continued  growth  of  one  cell  and  subsequent   proliferation  uf 
its  nucleue,  or  by  the  swelling  and  coalescence  into  one  mas*  oS  liu 
endothelial  lining  of  a  small  vessel  or  capillary.     The  larger  oti«  uf 
often  vacuohited.     Hansen  and  Thin  beb'eve  that  when  true  "giant-celli' 
are  seen,  the  growth  is  tuberculous  and  not  leprous.     Tboraa,  Benoiriod 
Boinet,  and  others,  have  also  described  large  multinuclear  cells  ns  sometima 
present  in  the  leprous  neoplasm.     Bergengriin's  and  Dohi's  obserrstiMa 
place  ihe  matter  beyond  doubt,  viz. :    that  they  do  exist  in  lepronu*  ^ 
these  observers  shew  that  they  are  formed  by  the  rapid  multipliptliad 
of  the  lymphatic  endothelial  cells  and  their  fusion  into  a  plnsmodial  idm^ 
OS  suggested  above. 

Besides  undergoing  fibrous  transformation  within  their  substance,  fuHH 
developed  nodules  may  exhibit  desquamation,  vesicles,  or  punulw  c^ 
their  surface,  or  thoy  may  ulcerate  and  become  covered  with  cnisU— 
The  sections  shew  that  during  desquamation  thu  stratum  granidosiim  ii*e 
the  eleidin  granules  have  diminished  or  disappeared,  but  that  th«K 
little  change  in  the  greater  part  of  the  cells  of  the  strati 
Vesicles  and  pustules,  on  the  other  hand,  are  produced  by  a  nising 
the  whole  epidermis  or  by  cleavage  of  its  layers.  When  ulceration  I 
set  in  there  is  rapid  destruction  of  the  nodule,  and  cells  and  detrinw* 
thrown  ofT  in  great  quantity. 

Sections  taken  by  me  from  one  of  the  erytJiematons  macides  In 
early  stage  of  the  disease,  in  a  boy  at  the  Weatminst<ir  Hospital,  she***^ 
an  infiltration  of  the  corium  with  an  irregular  cell-growth,  in  which  *"*"« 
large  nuiltinucleated  celts  were  also  scattered.      In   this  case  no  bfc^' 
were  then  observed,  although  they  were  found  in  abundance  in  sut** 
quently  developed  nodules. 

The  microsoopicjtl  examination  of  a  jiortion  of  skin  excised  frvtm- 
anfesthetic  patch  of  a  case  of  smooth  leprosy  of  two  and  a  half  ye^ 
standing  shewed  principally  a  generalised  fibroid  transformation  of  J 
corium  with  more  or  less  obliteration  of  glands,  ducts,  hair-follic 
nerves,  and  vessels.  In  sections  from  a  more  recent  case  this  cha^ 
was  less  complete,  and  there  was  a  more  extensive  infiltration,  especii^ 
near  the  vessels,  of  an  irregular  cell-growth ;  no  bacilli  were  •e-^ 
I  have  given  more  detailed  .icrouuts  in  Hillis's  book. 

Mifnus  Mrm}irmus. — The  neoplastic  lesions  of  the  mucous  iniMnbn^ 
of  the  mouth  and  throat  aie  very  similar  to  those  of  the  sk«i,  t^- 
the  nodules   are   softer   in  consistence,  and  usually  of   a  pide  red 
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rid  colour,  or  sometimes  dull  gray  and  opaline.     They  ulcerate  more 
adiij. 

There  are  two  chief  varieties  of  the  leprous  tongue.  In  the  first,  the 
VBiim  may  be  covered  with  discrete  nodules,  varying  in  size  and 
lickly  ulcerating,  and  separated  by  furrows.  Under  the  microscope 
e  new  growth  is  made  up  chiefly  of  embryonic  cells,  with  comparatively 
"^  t^'pical  lepra-cells,  and  their  vascularity  is  slight ;  in  many  parts 
By  shew  fibrous  transformation.  The  growth  may  be  seen  extend inpj 
■ou^h  the  mucosa  and  submucosa  to  the  muscles,  the  fibres  of  which 
'  8ej)arated  and  destroyed.  In  the  second,  the  dorsum  is  occupied 
a  c3if!use  leprous  infiltration,  and  divided  into  raised  areas  by  longi- 
[iii2i.l  and  transverse  grooves ;  the  epithelium  often  becomes  detached 
gr^t^yish  flakes.  The  neoplasm  in  these  cases  is  almost  entirely  com- 
ecl  of  the  lepra-cells,  and  there  is  no  tendency  to  fibrous  transforma- 
1.  As  the  result  of  ulceration  and  cicatrisation  of  the  growth  in  the 
J,  "the  mouth  may  become  extremely  stenosed  and  inca|)ab]e  of  being 

X*ho  leprous  infiltrations  of  thf^  pharynx,  larynx,  and  other  mucous 
>iftl>ranos  exhibit  very  similar  microscopical  characters.  The  edge  of 
5  opiglottis  is  often  affected  very  early,  becoming  thickened  and 
>ttla.ted ;  and  ultimately  many  of  the  ligaments,  muscles,  and  cartilages 
the  larynx  may  become  infiltrated  with  new  growth,  leading  to  ulcera- 
>n  €ind  cicatricial  contniction.  In  this  way,  as  well  as  by  occlusion 
>n^   projecting  nodules,  the  glottis  may  become  completely  stenosed. 

-Serves. — The  nerve-trunks  most  frequently  invaded  by  the  leprous 
ow-th  are  the  median  and  ulnar  in  the  upper  extremity,  and  the 
eter^or  tibial  and  peroneal  in  the  lower.  The  facial  and  the  radial  are 
^  Commonly  invaded.  According  to  Danielssen  the  cutaneous  palmar 
'*^'e  is  the  first  affected ;  but,  indeed,  any  nerve  may  be  atUicked 
oner  or  later.  Leloir  describes  three  cases  in  which  the  recurrent 
y^geal  was  affected,  and  he  thinks  that  in  this  way  the  aphonia  so 
^n^  present  may  sometimes  be  produced.  It  can  be  shewn  that  the 
"^^oloured  and  anaesthetic  i)atches  of  skin  arc  in  direct  relation  to 
T^sit  in  nerves  supplying  the  parts,  and  their  irregular  distribution  is 
^plnined  by  the  fact  that  only  certjiin  groups  of  fibres  may  be  implicated, 
^trlie  naked  eye  the  diseased  nerve  shews  along  its  course  fusiform, 
^dish-gi*ay  swellings,  often  marked  with  yellowish  streaks  of  fatty 
*8^»ieration ;  and  the  d<'posit  may  have  a  translucent  or  gelatinous 
PP^arance.  These  thickened  segments  may  be  twice  or  four  times  the 
"**Jaeter  of  the  rest  of  the  nerve-trunk,  and  they  are  often  larger  where 
^^  nerve  is  more  superficial,  for  exam])le  behind  tho  internal  condyle  of 
*®  humenis,  or  below  the  head  of  the  fibula,  in  which  positions  they  can 
"^uently  be  felt  by  the  observer's  finger. 

Microscopically  the  leprous  neuritis  is  similar  to  that  mentioned  in 
Annexion  with  the  nerves  passing  through  a  cutaneous  nodule.  The 
*^ellings  are  chiefly  due  to  the  presence  of  numerous  lepra-cells,  which 
'ifihrate  the  perineurium  and  produce  a  perineuritis  :  they  are  also  to  l)e 
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seen  situated   in  the  endoneurium,  and  between  the   individual  WX*- 
fibres,  giving  rise  to  neuritis  «nd  degeneration.     Hynline  thickcniog  of 
the  neiuilemma  may  ensue,  the  axis-cylinders  become  disintegrated.  luL. 
the  whole  fibre  altered.     In  old-standing  leases,  in  wliich  the  actiiilT  <>f 
the  diseiige  has  be«n  arrested,  the  nerve-trunk  may  be  atrophia),  u 
represented  only  by  a  cord  of  fibrous  tissue. 

Lymphatic    Glniuls. — Tlie  lymphatic   glands  are  sometimes  i 
and  may  then  be   enormcusly  enlarged,  the   neoplasm   reaching  tiinn 

through  the  lymphutic  vessels  coming  from  the  parts  affected — ea[i«i»ll .\ 

in  the  nodulai'  cases.  Those  most  frequently  engaged  are  ih^  (kidui^^^kI 
glands — from  arreal  of  leprous  material  from  nodules  or  lUcers  in  ih^^st 
lower  extremity,  and  the  cervical— from  disease  in  the  larynx,  etc, ;  ^•^—•~« 
the  axillary,  bronchial,  mesenteric,  lumbar,  and  other  glands  may  iiix>  \K,^:^f 
att'ected.  It  must  not  be  forgotten,  however,  that  these  ghuida,  upoc-tkll  W  \j 
those  connected  with  viscera,  are  also  frequently  enlarged  from  concurrrr^K-  ni 
tuberculosis.  Under  the  microscope  the  adenoid  tissue  is  seen  to  b  9~\t 
more  or  less  replaced  by  lepra-cells ;  and  in  old  eases  there  is  sderw  .^  k 
with  thick  bundles  of  connective  tissue.  Caseation,  moreover,  may  uU^B't' 
place,  ^  and  occasionally  the  whole  gland  may  siippuraUi. 

Tlie.  Irsles  are  often  the  seat  of  leprous  deposit,  although  in  tOEa^BK 
caaes  there  may  be  no  naked-eye  appearance  of  its  presence  ;  the  gUt — mh) 
is  sometimes,  however,  tough  and  hard  to  cut.  The  microscope  ibfi^^^ 
an  increase  of  connective  tissue,  with  the  characteristic  I'ells  ainan|;  tMBir 
fibres. 

The.  liver  may  not  shew  any  naked-eye  change ;  the  leprous  greii —     K 
which  is  sometimes  present,  occurs  as  a  difl'use  infiltration.  pri«ci|itlj_ 
in  the  interlobular  connective  tissue,  and  causes  a  mild  form  of  tnW 
hepatitis. 

TAc  sjileen  shews  no  naked-eye  changes,  but  bacilli -bearing  eeib  tu^^T 
l>e  found  in  profusion. 

The   remaining   abdominal   organs   likewise   shew   do  well-msfk*^ 
alterations  to  the  naked  eye, 

Tlie-  ^pimd  Cord.  —  Danielssen  and  Boeck  descrilied  sclerosis  »«■* 
meningitis  of  the  coi-d ;  Tschivilow  found  changes  in  the  posterior  cofo*** 
— the  gray  matter  opaque  and  granular,  the  vessels  lessened  in  ihimI'*'^ 
and  II  cellular  infiltration  of  the  lymphatic  sheaths;  spinal  leiuous  b>*'*^^ 
also  been  alluded  to  by  other  pathologists  (e.ff.  Voit).  On  lh«  ot^*  > 
hand,  many  observers,  including  Hansen,  Neisser,  and  Rako^  have  t**^^ 
to  find  anything  definite  in  the  spinal  cord,  The  ataxia  someb 
present  in  advanced  cases  may  be  due  to  lesions  in  the  posterior  culm 
independently  of  leprosy- 
After  this  account  of  the  grosser  specific  changes  in  the  vari^-^ 
organs,  brief  mention  may  be  made  of  certain  aRections,  whi 
relation  to  leprosy  is  not  as  yet  clearly  umlerstood. 

'  lIuuTCD  maloiJilns  thit  citjcation  unvvr  occun  in  thi'  IpproiiK  liMiir,  uul  Uii 
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iheradom  is  extremely  common  in  lepers.  In  the  last  1 09  autopsies 
Trinidad  Asylum  tul^ercle  of  one  or  more  serous  membranes  was 
in  33  instances,  or  in  30  per  cent  Guiniea-pigs  inoculated  with 
ial  from  the  autopsies  readily  manifested  tuberculosis.  As  the 
3  from  the  latter  disease  at  the  Trinidad  General  Hospit^il  during 
me  i>eriod  were  only  18  J  per  cent,  we  may  assume  that  lepers  are 
liable  to  tuberculosis  than  other  people. 

raal  diseanic  is  even  more  frequent.  In  the  same  109  autopsies  35 
cases,  or  32  per  cent,  shewed  some  form  of  nephritis ;  while  in  the 
hI  Hospital  only  7  A  per  cent  of  the  deaths  were  due  to  nephritis, 
ue  of  the  kidneys  of  the  above-mentioned  35  cases  was  there  any 
c  leprous  invasion.  The  disease  was  probably  due  to  septic  absoqv 
nd  toxaemia,  and  possibly  also  to  the  increased  strain  thrown  on  the 
y^s  by  the  destruction  of  the  sweat-glands  so  common  in  leprosy, 
bsorption  from  leprous  ulcers  or  abscesses  sometimes  pioduces 
ic  infarcts  in  the  viscera,  and  sometimes  lardaceous  changes  occur, 
ally  in  the  liver  and  spleen. 

illis  and  Aming  have  described  specific  ulceration  of  the  large 
ino  in  leprosy  ;  but  in  Trinidad,  when  such  ulcers  were  present, 
ippeared  to  be  associated  with  kidney  disease,  or  due  to  causes  un- 
cted  with  leprosy. 

ieteriology. — That  leprosy  is  due  to  the  presence  in  the  system  of 
eific  micro-organism  is  now  admitted  by  all  pathologists.  Its  dis- 
f  was  made  by  Armauer  Hansen  in  1871,  although  a  suspi- 
)f  the  existence  of  something  of  the  kind  seems  to  have  been  in 
oinds  of  other  observers  before  that  date.  Both  Virchow  and 
jrke  Carter  had  called  attention  to  the  presence  of  granular  matter 
J  typical  lepra-cells,  and  Sir  P.  Manson  had  actually  attempted  the 
ation  of  the  "germ,"  which  he  believed  to  exist  in  the  cells  and 
of  the  nodules ;  but  the  Norwegian  investigator  was  the  first  to 
iiisc    in    the   granules  the  microbe  which  he  named    the  Bacillva 

I  1874  Hansen  published,  in  Norwegian,  an  account  of  his  discovery, 
gain,  in  1880,  a  still  fuller  report  in  German,  with  di-awings  of  the 
as.  In  the  same  year  Neisser,  working  at  the  San  Lazaro  Hospiuil, 
ida,  and  employing  the  new  aniline  dyes,  placed  Hansen's  discovery 
d  doubt;  within  the  next  few  years  the  bacilli  were  found  in 
18  material  from  all  parts  of  the  world.  It  may  now  be  aftinued 
he  bacillus  is  existent  in  the  body  of  every  leper  at  some  period,  at 
of  the  disease,  and  that  it  never  occurs  in  the  bodies  of  those  who 
)t  lepers. 

'orpfuilofji/.-  -The  organism  is  a  rod-like,  vegetjible  parasite,  belonging 
3  Schizomycetes  or  fission -fungi.  Its  length  is  half  to  three- 
iTS  the  diameter  of  a  human  red  blood-corpuscle,  and  its  bre;ulth 
one  -  fifth  of  its  length.  Each  rod  has  an  outer  mucilaginous 
)pe,  the  innermost  layer  of  which  retains  the  aniline  dye,  and  thus 
ternal  structure  of  the  bacillus  may  be  obscured.     There  can,  how- 
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ever,  be  made  out  with  very  high  powers,  within  the  stihstance  of  tba 
bacillus — (I)  Highly  refi-acting  oval  spoies;  (3)  ordinwry  protoplani; 
aitd  (3)  granidoB.  With  certain  reagents,  such  as  iodiue,  strong  mlphtinc 
add.  Iiurux-methyl-bliie,  hasmatoxylin,  and  osmic  acid,  these  gTRnnld 
stain  deeply,  the  protopluam  remnining  unstained.  A  beaded  appau>na 
may  thus  be  produced.  Hansen  considers  that  the  "spores"  und 
"gruntiles"  are  merely  evidences  of  the  disintegration  of  the  becjlltu 
AJthough  spores  have  been  discovered  within  the  bacillus  they  have  iwt  m 
yet  been  seen  free.  The  parasite  multiplies  by  transverse  li»ioD,  mil  it 
non-motile. 

Tije  bacilli  of  leprosy  and  of  tuberculosis  I'esemble  one  another  a 
certain  respects,  especially  in  their  staining  properties.  When  ttiimd 
with  n.  solution  of  ftichsin,  or  some  other  aniline  dyes,  in  wat«r  conniniif 
aniline  oil  (or  5  per  cent  of  carbolic  acid),  they  can  both  be  expM«4  m 
the  action  of  certain  mineral  acids  for  a  short  time  wiblioiit  hein^  Jt' 
Golorised,  or  are  "  acid-faat "  ;  thus  diifering  from  most  other  bncJUi,  vbU 
when  brought  into  contact  with  the  acid  immediately  lose  their  sUfn.  R 
however,  a  simple  watery  solution  of  fuchain  (without  any  mordaDt)  U 
used,  the  leprosy  l»icilli  alone  will  retain  the  stain  after  immeniaa  w 
dilute  nitric  acid.     Other  points  of  difference  arc  as  follows ; — 

(I>  Leprosy  bacilli  are  generally  present  in  sections  in  jiuiiumb 
niimlK-ni  or  in  masses,  and  are  not  spnrsely  scattered  ns  am  thaK  of 
tubci-cniuais ;  (3)  they  occur  principally  in  dense  collections  in  lh>>  lymph- 
spaces,  are  not  usually  solitary  or  in  small  groups  as  in  tuberculosis,  «nH 
not  typically  in  giant-cells  when  these  are  present;  (3)  they  are  indivMo- 
ally  rather  smaller. 

Although  they  can  be  shewn  by  treating  fresh  tissue  wiih  sotutioB  «>■ 
potash,  anil  by  various  aniline  dye  methods,  they  arc  well  demonstBieJ 
in  the  following  maimer ; — 

U)  The  juice  expressed  from  a  nodule,  or  tije  discharge  fi-om  a  kpnn2* 
ulcer,  is  smeared  over  a  thin  cover-glass,  dried  and  fixed  as  a  thin  filai  by 
passing  through  a  smokeless  flame;  or  a  thin  section  of  a  leprous  grovtl* 
may  be  spread  out  on  the  cover-gloss ;  (2)  the  latter,  with  the  dri^ 
material  upon  it,  is  immer^d  or  floated  face  downwanls  for  nbout  tw*!** 
minutes  (sections  may  require  a  longer  time)  in  warmed  y^iehl's  solutif*** 
prepared  by  adding  to  distilled  water  100  c.c,  carbolic  aci<l  5  granns^- 
alcohol  10  Cc,  and  fucbsin  1  gramme;'  (3)  the  preparation  i»  the» 
decolorised  by  placing  it  for  a  few  minutes  in  ^T^  per  cent  niUie  *ioA  \ 
(4)  sul>3equently  it  is  passed  through  60  per  cent  alcohol ;  and  (5)  BnJIy 
well  washed  in  distilled  water. 

The  cover-glass  may  now  be  exam.ined  at  once  in  water  ;  or,  h«tWri  '■ 
may  be  dried,  cleared,  and  mounted  in  xylol-balsam.  Sections  should  b* 
dehydrated  by  soaking  in  absolute  alcohol,  then  passed  through  bergw^ 
or  clove  oil  and  mounted  in  xylol-balsam.  In  all  cases  a  ground,  atV^' 
trast,  stain  of  methylene  blue  or  iodine  green  may  be  siiperimpoMd  *?" 
sleeping  the  preparation  in  a  dilute  afjueons  solution  of  the  dye,  nflef  Ih* 


ueid  Ii&e  been  wAsheil  out ;  or  GublKtt's  acid-bhie  Holiition  maj  be  used 
ill  pliwe  iif  the  nitric  Hd<l  and  sepurate  gi'ound-etuin. 

Thus  jirepared,  ihe  leprosy  Iwcilli  are  Been  as  bright-red  beaded  lods ; 
the  elenieni£  of  the  tissue  liaving  lost  the  red  colour  through  the  iii'tion 
o!  the  acid.  It  has  boen  found  that  bacilli  which  have  been  in  alcohol 
take  thp  sUiiii  better  than  those  which  are  Ireateti  directly. 

Leprosy  bacilli  are  very  reaiatfttit.  Kobiier  found  them  in  a  fragment 
"f  tissue  which  he  had  left  forgotten  in  a  jiiecc  of  jiaper  for  ten  years. 
Ill  Trinidad  ih<?y  were  found  in  the  remains  of  a  nodule  which  had  been 
inserted  beneath  the  skin  of  a  fowl  two  years  before,  The  liaciili  still 
limk  the  charactcriatic  stain,  though  the  nodule  was  reduced  to  caseouB 
"lehittig.  Leloir  had  a  aimilar  experience  with  nodules  which  bad  re- 
nuiiied  two  years  and  a  half  in  the  peritoneal  cavities  of  guinea>pigB. 
He  ulso  dried  a  piece  for  twelve  days  in  a  stove,  and  on  making  sections 
(mad  numerous  bacilli  which  took  Ehriich's  stain.  Aa  has  been  truly 
iwnarked  by  .\rning,  we  cannot  at  preaeni  say  with  certainty,  by  nur 
histological  methods,  whether  leprosy  bacilli  under  examination  be  alive 
111'  dead. 

By  II  special  mode  of  preparatiim  of  the  tissue,  Unna  came  to  the 
"inclusion  that  the  bacilli  of  leprosy  are  never  contained  in  cells ;  but 
Knke  and  myself,  and  other  observers  (Thin,  Hansen),  are  satisfied  that 
nucleated  cells  containing  bacilli  can  easily  be  demonstrated  by  double 
fljLining  in  the  nodule,  as  well  as  in  a  scraping  from  a  leprous  ulcer. 

It  may  now  l>e  stated  that  the  bacilli,  in  addition  to  lying  within 
cells,  also  largely  exist  free  in  the  intercellular  substance  and  among  the 
tianieiits  of  the  tissue.  In  whatever  way  the  specimens  are  prepared,  as 
wctioiiB  or  as  cover-glass  films,  a  number  of  cells  may  lie  injured  or 
tjFolien  up  by  the  process,  and  their  contained  bacilli  set  free.  Moreover, 
ftlejira-cell  may  disintegrate  in  the  course  of  nature,  and  leave  a  group 
'>f  bacilli  in  its  place.  It  is  also  probable  that  the  secretions  from  the 
''**'illt  have  a  directly  poisonous  effect  on  the  tissue -elements  in  the 
neighbourhood,  and,  setting  up  inflammation,  cause  an  accunuilation  of 
'eticooy|«a.  The  latter  may  then,  like  phagocytes,  take  up  bacilli, 
'"■«otiie  enlarged,  ultimately  suffer  disintegration  of  the  nucleus  and 
■''^•■mtion  of  the  eel  I -substance,  and  finally  be  represented  by  detritus 
""*'  liacilli  which  have  perhaps  me.anwhile  multiplied.  None  of  these 
''^fi* iteration 8,  however,  are  sufficient  to  explain  the  appearances  so 
"''y  demonstrated  by  Unna,  Bergengriin,  and  Gerich  and  Herman, 
''^'*  have  proved  that  the  majority  of  the  bacilli  of  a  lepi-ous  nodule 
"^'^r  in  cylindrical  and  irregularly  branching  masses  chiefly  occupying 
■^  lymph  and  vascular  channels.  Herman  has  also  shewn  that  in 
"^^g  or  recent  nodules  similar  masses  of  bacilli  exist  which  do  not 
'"'^iti  the  red  stain  after  immersion  in  weak  acid,  but  are  easily  suljse- 
,*'^i»tly  coloured  with  methylene  blue.  If,  as  he  supposes,  it  is  only  the 
-'■  fuchsin^elained  bacilli  that  are  resistant  to  the  acid  treatment,  we 
"■*y  have  some  explanation  of  the  general  failure  t-o  recognise  leprosy 
''^^illi  in  the  attempted  cultivations,  as  will  be  shewn  further  on. 
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In  iiuilules  and  in  alTectod  organs,  brown  masses  or  "^lobi  (Xuw*) 
are  often  seen.  Thc^se  are  dense  collections  of  bacil]\,  mure  or  leu  lirofaa 
up  into  granules,  and  are  probably  thrombi  formed  in  the  lymphauo. 

Dislril/ttiitm  vnlhm  tlm  Body. — The  lepi-osy  bitcillus  ia  by  ho  meui 
evenly  distributed  throughout  the  body — it  may  be  found  in  any  rijew 
or  tisBue,  or  even  in  all  (Comil  and  Babes),  but  far  more  commonlv  m 
some  than  in  others.  In  the  trophoneurotic  cases  it  is  exceedioglr  nn. 
except  in  certain  nerves.  Hansen  and  Kobner  have  described  lh«iii  u 
occurring  in  the  blood,  and  Leloir  found  them  in  thtit  Huid  in  one  an 
out  of  five  examined.  In  no  case  in  Trinidad  have  tliey  Ijeea  found  u 
the  blood,  although  observations  were  made  during  the  acut«  oaibmbi 
and  this  has  hitherto  been  the  experience  of  most  other  obsen'ew  »iil 
blood  drawn  uncon laminated  by  leprous  skin  or  bacilli-bearing  tisiUA 
Hansen  tigiirea  them  in  leucocytes  within  blood-veasels  and  in  tit 
etidothelinra  of  the  latter ;  more  recently  they  have  been  found  iu  lit 
blood  by  Hoi-der,  Shoemaker,  Boston,  and  others.  They  have  b«a 
found  in  the  fluid  of  blisters  raised  over  cutaneous  nudulea.  but  nol  i» 
blisters  over  anaesthetic  patches.  The  juice  expressed  from  a  Iqimoi 
nodule  contains  them  in  abundance,  as  does  the  purulent  discharp  fn>i*> 
ihi-  ulcerated  nodules.  In  a  few  cjises  only  have  they  been  sei-n  in  th« 
discharge  from  ulcers  of  aniesthetic  lepei's. 

When  there  is  leprous  ulcenition  of  the  mouth,  nose,  or  pharini.  l4»' 
bacilli  are  found  in  the  patient's  saliva.     They  have  also  Iwen  seen  t  ~ 
Babes  and  Kalindero  in  vaginal  mucus ;    but  the  Indian  Leprosy  C<« 
mission,  who  made  a  few  ohservationfl  on  the  point,  were  uot  8iic«s«f' 
in  finding  them. 

The  sputum  of  cases  in  which  the   larynx  is  affected  may  oaalts 
them  in  considerable  quantity.      In  one  instance  they  were  ftiund  by 
Commission  iu  the  ffeces  of  a  leper  in  whose  saliva  they  hiul  prei' 
been  demonstrated. 

They  have  been  seen  by  Calabreae  in  urine ;  but  they  have  not 
reported  in  menstrual  discharge. 

The  tissue  in  which  the  bacilli  are  found  in  the  greatest  profi 
undoubtedly  the  corium  of  the  skin.     WTien  the  leprous  growih  is 
developed,  sections  stained  for  bacilli  may  shew  masses  of  tbi"  laltft  ^^ 
closely  approidmated  that  but  little  else  can  be  seen  in  the  lirld. 

The  bacilli  ha\'p  been  found  In  the  rete  mucosum  between  the  eel-  - 
of  the  palisade  and  other  layers,  and  they  have  also  been  demonitiat^^ 
in  the  hair-follicles.  They  have  not  been  demonstrated  by  Pr.  R*k»  <^^ 
myself  in  the  cutaneous  aniesthelic  patches  of  the  trophoneurotic  W^"*^ 
nor  has  either  of  us  seen  them  in  the  maculie  or  erythematous  jiBleli*^^ 
of  early  leprosy,  except  in  one  instance  by  myself ;  Hansen  and  othff^^ 
however,  appear  to  have  found  them  with  ease,  esjieciaily  in  the  r***' 
spots.  In  the  nerves  of  the  anesthetic  cases  as  well  aa  of  advanced  (V^^ 
of  dermal  leprosy — wherever  the  nerve  enlargements  exist — tbo  b»oW 
aie  found  throughout  the  neoplasm,  within  the  cells  in  the  ah»th«. 
between  the  nerve-fibres,  and  also  apparently  free.     They  are  MJd  V>  ^ 
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numerous  in  the  nerves  of  the  purely  trophoneurotic  cases  than  in 

of  the  "  mixed  "  cases.     In  very  old  or  arrested  cases  of  the  former, 

irliich  the  nerve-trunk  has  become  atrophied,  the  fibres  degenerated, 

the   leprous   cells   disintegrated,  the  bacilli  may  be  very  few  or 

».Sether  absent. 

They  are  often  found  in  the  femoral  lymphatic  glands,  especially  in 
-standing  nodular  or  "  mixed  "  cases. 
The  distribution  of  leprosy  bacilli  in  other  organs  of  the  body  and  in 
t  viscera  seems  to  follow  no  general  law.  In  the  Trinidad  autopsies 
t^ntioned  above,  the  liver,  spleen,  and  testes  were  most  commonly 
faded.  In  the  liver  the  bacilli  are  found  in  the  new  connective 
nue  ]>etween  the  lobules,  as  well  as  in  the  lobule  itself,  among  the 
opatic  cells ;  and  have  also  been  described  in  the  substance  of  the 
epatic  cells,  in  the  lymphatic  spaces,  and  in  the  small  branches  of  the 
NXTtHl  A'ein.  In  the  spleen  they  are  seen  in  the  splenic  cells  as  well  as 
•tween  them,  and  in  the  testis  the  bacilli  are  found  principally  in  the 
ncreased  connective-tissue  around  the  tubules,  and  occasionally  within 
be  tubuli  seminiferi  themselves,  and  in  the  epididymis.  The  bacilli  are 
Mch  less  commonly  found  in  the  kidney — of  77  kidneys  examined  at 
Vinidad,  they  were  present  in  7  only — in  the  glomeruli,  and  in  the 
udothelium  of  the  renal  vessels. 

Among  other  organs  in  which  they  have  been  found  are  the  ovary 
iming),  the  intestinal  wall,  the  mesenteric  and  lumbar  glands,  in  bone- 
•rrow  and  Haversian  canals  (Del6pine  and  Slater),  and  in  striped 
iQscle-perimysium,  endomysium,  and  fibre.  Chassiotis  has  described 
prosy  bacilli  in  the  brain,  but  they  were  never  seen  at  Trinidad  either 
the  brain  or  spinal  cord,  although  frequently  sought ;  in  one  case  they 
3«ted  in  the  superior  cervical  ganglion  of  the  sympathetic. 

In  the  lungs  undoubted  leprosy  bacilli  are  probably  rare.  Bonome 
d  Aming  have  described  them,  but  they  were  never  seen  in  the  Trini- 
d  autopsies.  On  the  other  hand,  as  we  have  seen,  pulmonary  phthisis 
common  among  lepers,  and  in  such  cases  the  bacilli  of  tuberculosis  are 
^iindant  in  the  pulmonary  tubercles  and  in  the  sputum.  Damaschino 
«  found  the  bacilli  of  both  leprosy  and  tuberculosis  in  the  lungs  of  a 
per,  as  I  too  have  done  in  one  case.  I  have  demonstrated  leprosy 
«illi  in  abundance  in  the  trachea  of  another  patient  who  died  with 
t^reme  leprous  stenosis  of  the  glottis. 

Disfrihufum  mdside  tJie  Bodtj, — Very  little  is  known  concerning  the 
•tribution  of  the  leprosy  bacilli  outside  tlie  human  body.  Kaiirin,  after 
iHierous  experiments,  failed  to  find  the  bicillus  in  the  earth,  or  in  the 
*«t  and  air  of  the  rooms  inhabited  by  lepers.  In  Trinidfid,  examination 
the  soil  of  graves  of  lepers  did  not  shew  any  bacilli ;  and  observations 
*de  on  salt  fish,  salt  pork,  etc.,  in  the  asylum  were  negative.  At  the 
Udora  Asylum  the  Leprosy  Commissioners  prepared  100  cover-glasses 
ytn  earth  taken  from  the  banks  and  paths  on  which  the  lepers  were 

the  habit  of  sitting  and  walking.  In  7  of  the  cover-glasses  only 
>re  bacilli  found,  to  the  number  of  10  altogether.      At  the  Tarn  Taran 
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Asylum  4,511  similar  apecimeuB  were  prepai'eJ,  liut  no  hHcilli 
Wnter  from  tunks  at  Bombay  and  Tarn  TitrHn  in  wLich  lepers  twtfce  llM 
^ve  negative  i-esitlts,  although  they  could  he  easily  det«ct«'l  in  buJMol 
water  in  which  leprous  ulcers  had  been  waskod.  A  lai'ge  iiuinbcr  rf 
examinations  of  fish,  dried  and  fresh,  in  Burma,  Bombay,  and  I^ijt 
also  failed  to  shew  the  hnciSli.  Flies  and  mosquitoes  were  iJlowed  bt 
feed  on  discharges  from  ulcers  and  on  leper's  blood,  itTid  « 
examined  for  bacilli,  but  with  no  poeitive  result. 

CiiUii!atii/n  Ej:j>tnumU6. — Since  iu  discovery  numberless altMipti: 
been  made  by  pathologists  lo  cultivate  the  bacillus  outside  ibe  body,  hit 
up  to  the  present  time  without  undoubted,  absolutely  ceiWn,  and  mH 
cuiifii*med  success. 

Hansen  kepi  leprous  blouU  In  a  moist  chamber,  and  ubtaiiMi 
mycelial  gniwth,  which,  as  he  afterwaitls  admitted,  had  noihiug  to  do 
with  the  leprosy  bacillus.  Neisscr  inoculated  blood-scmui  will  frij^ 
ments  of  leprous  tissue,  and  kept  pus  and  juice  fium  nodules 
capillary  tubes,  From  these  esperimeuts  he  described  throe  diffennl 
batiilti,  which,  however,  he  failed  lo  cultivate  in  generationa  Amin^  in 
Hawaii,  allowed  pieces  of  leprous  tisaue  to  macerate  in  water,  «mI 
observed  »  multiplication  of  tlie  bacilli,  as  also  in  the  uaniai 
deceased  leper  who  had  been  buried  for  three  months. 

These  observations  were  repeated  at  Trinidad  without  positive 
and  numerous  experiments  were  made  with  various  meilia — itidixli^f 
b]oo<l-Berum,  ascitic  and  hydrocele  Huid  from  lepei-s,  anil  comhtiwliMi 
of  them  with  agar,  glycerin -jelly,  etc.  tirowths  of  niicrorvod  «(PI 
fruipiently  obtained,  but  never  leprosy  bacilli.  In  ISS7  Bordwii- 
UffreduzKi  announced  that  he  had  been  successful.  He  had  pi* 
portions  of  bone-marrow,  in  which  he  ba<l  found  free  bacilli,  in  pepUi 
glycBrin-serum,  and  obtained  cultures  of  a  small  >*aci]lus,  oft«u  hDllxw 
at  the  ends  and  resembling  those  found  in  the  tissues,  but  retaining  ll* 
fuchsin  stain  with  more  difficulty.  Inoculations  of  aninuU  witli  tb* 
cultivated  bacilli  were  negative.  Giantusuo  sulisequenti; 
cultivation  which  Bordoni-Uffreduzzi  considered  identical  with  bii  VK 
and  Campana  has  more  recently  described  a  third  liacillua  cultivatol 
leprosy  material.  A  careful  examination  of  specimens  from  all  < 
cultures  is  not  convincing. 

Culture  experiments  were  carried  out  in  India  by  the  memberaof  lb 
Lieprosy  Commission,  who  also  thought  at  first  that  they  luul 
oessful.  In  one  series  of  observations  sterilised  capillary  tubes  couUiniif 
blister  fluid  from  healthy  skin  were  inoculated  with  fluid  from  blif»n 
over  leprous  nodules.  The  tubes  were  carried  about  in  the  axilla  irf  ""* 
of  the  observers  for  a  month,  and  bacilli  somewhat  reeembltng  thoM  (■ 
leprosy  were  then  found  in  them.  Subculiures  in  glycerin -lioniUon  1^** 
a  growth  of  liacilli,  which  retained  a  pink  stain  after  treatmeDl  *<l^ 
Ziehl's  solution  and  dilute  nitric  acid,  hm  the  bacilli  were  shorlor 
thicker  than  tlkose  obtained  from  the  leprous  tissues.  FuitfaBT  fit^ 
cultures  resisted  the  action  of  the  acid  slill  less.     Inoculations  in 
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re  '^Hnthout  effect.  I  have  myself  employed  a  medium  containing  broth 
dd  irom  the  tissues  of  a  leper  with  peptone,  glycerin,  and  agar.  A 
iw~^li  seemed  to  take  place  at  first,  but  afterwards  disappeared,  and 
^iriL  pts  at  subcultures  proved  futile.  Scholz  and  Klingmiiller  have  also 
ed  in  numerous  attempts.  Babes,  K  Levy,  Czaplewsky,  Spronck, 
ir<z^^ski,  and  several  others  have  reported  the  cultivation  of  a  "diph- 
ro'icJ  bacillus  "  from  cases  of  leprosy,  differing  from  Hansen's  in  staining 
ct'i.ons,  but  which  is  specifically  agglutinated  by  the  serum  of  leprous 
oA-  Spronck's  grew  well  in  fish  bouillon.  Van  Houtum  believes  that 
8Vi.<sceeded  in  Ceylon  in  cultivating  a  bacillus  which  is  the  true  morbid 
ent:*  of  leprosy,  although  it  differs  from  Hansen's  bacillus  in  its  staining 
actic^ns  and  in  size.  Carrasquilla  and  Host  have  published  supposed 
iccesdsful  results.  Rost  states  that  the  smallest*trace  of  common  salt 
\  tlxe  medium  prevents  the  growth.  His  experiments  were  repeated, 
at  liave  not  been  confirmed  in  India  or  by  Tidswell  in  New  South 
f  ales.  R  Weil  reports  partial  success  by  means  of  agar  medium  contain- 
ing yolk  of  egg.  The  remarkable  difficulty  so  far  of  cultivating  the 
pcillvis  of  leprosy  contrasts  strongly  with  the  ease  with  which  the  bacillus 
if  tul>erculosis  can  be  grown  outside  the  body,  and  forms  indeed  an  im- 
^rtant  distinction  from  it. 

Tnocidtiiiim  of  Animah, — An  enormous  number  of  attempts  have  been 
■lade  to  get  the  leprosy  bacillus  to  grow  in  the  bodies  of  animals,  but  in 
^«ry  few  instances  has  there  been  any  spread  or  multiplication  of  the 
flfgauisms   beyond    the    immediate    neighbourhood    of    the    inoculation. 
Heisser  inserted  a  piece  of  leprous  tissue  beneath  the  skin  of  a  dog,  and 
nibsequently  found  a  growth  of  bacilli  at  the  site  of  the  inoculation. 
Duasch  and  Vossius  introduced  portions  of  a  nodule  into  the  anterior 
duunber  of  rabbits'  eyes,  and  described  infiltration  of  the  iris,  ciliary 
body,  and  Descemet's  membrane  with  cells  containing  leprosy  bacilli,  but 
wnilar  results  have  been  obtained  by  Wesener,  Leloir,  and  Campana,  by 
■planting  leprous  material  which  had  been  for  years  kept  in  alcohol, 
^pana  inoculated  the  vascular  combs  and  wattles  of  fowls,  an<l  often 
wned  a  local  inflammatory  swelling  containing  large  cells  which  had 
ken  up  the  l)acilli  in  the  manner  of  phagocytes.     Kobner  and  Hansen 
led  to  infect  monkeys,  and   Hilliaret  and  Gauche  a  pig.     Vidal  also 
culated  a  pig,  and  a  year  afterwards  he  found  bacilli  in  the  remains  of 
implanted  mass,  but  none  in  the  surrounding  tissues. 
Aming,   Kauri n,  Leloir,   and    Thin    have    hitherto   been    unable    to 
)li8h  leprosy  in  animals,  and  the  Trinidad  experience  lias  ])een  the 
During  a  period  of  ten  years  attempts  were  made  with  guinea- 
rabbits,  cats,  pigs,  bats,  fowls,  small   birds,  a  dog,   and   a   parrot. 
Mid  fowls  were  tilso  fed  at  the  asylum  for  long  perio<ls — some  as 
18  two  years — ^nth  cutaneous  nodules  and  pieces  of  viscera  from 
but  no  results  were  obtained. 

the  other  hand,  Melcher  and  Ortmann,  four  months  after  inserting 
>f  a  fresh  nodule  in  the  eyes  of  rabbits,  found  the  c«cum,  spleen, 
\xA  lymphatic  glands  infiltrated  with  growths  containing  bacilli. 
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which  were  regarded  as  those  of  leprosy.  This  opinion  was  confirmed  by 
Arning  and  Kuffer,  but  Wesener,  who  repeated  the  ex{>eriment3,  caw 
to  the  conclusion  that  no  proliferation  of  the  bacilli  had  occurred,  btt 
merely  a  diffusion  of  those  introduced.  He  and  Htippe  believe  tbit 
Melcher  and  Ortmann,  like  many  others,  have  sown  leprosy  and  reaped 
tuberculosis.  Tedeschi  inoculated  a  monkey  in  the  spinal  dura  maier. 
Death  occurred  in  eight  days,  and  bacilli  resembling  those  of  leprw 
were  found  in  the  new  tissue  at  the  site  of  the  inoculation,  and  in  tbe 
cerebrospinal  fluid  and  spleen.  In  this  case,  too,  it  is  probable  that  a 
diffusion,  without  proliferation,  of  the  bacilli  had  taken  place.  Xicolk 
reported  in  1905  the  successful  inoculation  of  a  Macaque  monkey  with 
leprosy.  The  evidence  given  above,  though  to  some  extent  conflicting 
may  on  the  whole  h9  regarded  as  supporting  the  view  expressed  by 
Besnier — that  leprosy  is  strictly  a  human  disease  which  cannot  be  trw* 
mitted  to  animals. 

Allusion  must  here  be  made  to  the  important  discovery  by  Dr.  Deia 
in  1903,  and  in  tlie  same  year,  independently,  by  Stephansky  at  Odeasi, 
of  a  leprosy -like  disea^se  in  rats,  characterised  by  neo]>la8m8  in  the  (kin, 
glands,  etc.  These  largely  consist  of  enormous  numbers  of  bacilli-beanoj 
cells,  the  bacilli  resembling  those  of  leprosy  in  their  morphologicil 
charactei^s,  their  distribution,  their  acid-fast  staining  relictions,  and  ihdr 
difficulty  of  culture.  A  "  diphtheroid  bacillus,"  however,  has  been  cute 
vated  from  the  growths  in  two  Ciises,  which  has  the  remarkable  propeni 
of  being  agglutinated  by  human  leprous  senim.  The  same  affection  htf 
been  described  by  Rubinowitsch  in  rats  in  Berlin  (1903),  and  by  Ticiswd 
in  a  rat  in  Now  South  Wales. 

Inoculatufn  in  the  Human  Subject. — A  considerable  number  of  peraooi 
have  from  time  to  time  allowed  themselves  to  be  inoculated  with  lq>roi» 
material  in  order  to  test  whether  the  disease  could  be  so  communicatod. 
but  as  yet  with  no  positive  results.  Danielssen,  Bargilli,  Hokt,  and 
Tilsch  made  such  attempts,  but  always  with  a  negative  result.  Profeta 
inoculated  himself  and  nine  other  people,  and  sixteen  years  aftcrvarA 
there  had  been  no  evidence  of  the  disease  in  any  of  them.  Hamff 
introduced  material  from  nodular  wises  into  antesthetic  cases,  but  with  w 
development  of  nodules  in  the  latter,  and  similar  experiments  were  nude 
at  Trinidiul  with  thirty-three  anaesthetic  lepers — nodulation  ap^ieared  ooir 
in  one  of  them  four  years  after  the  inoculation.  We  have,  however,  ainwij 
seen  that  after  some  years  dermal  nodules  may  spontaneously  appear  in 
such  cases.  On  the  other  hand,  Arning  inoculated  an  apparently  heahkr 
convict  at  Honolulu,  and  three  years  later  the  man  manifested  leproff- 
This  cas(^  has  been  regarded  as  conclusive,  but  it  has  since  been  foumftlitf 
several  members  of  his  family — a  son,  nephew,  and  maternal  cousin— W 
:ilso  ])ocome  lepers  in  the  ordinary  way.  Indeed,  for  an  experiracni « 
the  kind  to  be  al^solutely  conclusive,  it  should  bo  made  in  a  coaniry. 
wln*re  leprosy  is  not  endemic,  and  on  a  subject  who  could  never  b^ 
been  in  contact  with  the  disease. 

It  cannot,   therefore,    be  admitted   that    the  intentional  inoculatiw 


of    the    leprosy   bacillus    in     the    hiimitn    aubject    baa    hitherto    been 
successful. 

The  Incubation  of  Leprosy. — Many  instaiiws  are  on  record  which 
shew  that  the  virus  may  remain  latent  in  the  body  for  many  years  with- 
out giving  rise  to  any  of  the  symptoms  of  the  disease.  In  the  present 
state  of  our  knowledge  it  is  impossible  to  speak  of  any  definite  period  of 
incubation  in  connexion  with  leprosy.  We  do  not  know  whether  ita 
entrance  is  marked  by  any  initial  lesion  ;  for  although  in  a  few  exceptional 
cHsee  some  slight  traumatic  injiiry,  with  subsequent  local  inflammation 
sDd  difficulty  of  healing,  was  observed  at  u  variable  interval  before  the 
disease  was  suspected,  yet  most  of  the  patients  are  unable  to  point  to  any 
circumstances  of  the  kind,  or  to  give  any  notion  of  the  date  of  inoculation. 
Instances  have  been  given  of  the  appearance  of  the  disease  only  a 
few  weeks  or  months  after  the  patient  has  come  from  an  unaffected  to  an 
ulTected  district ;  and  there  are  others  in  which  the  pathognomonic  signs 
have  not  been  observed  until  forty  years  after  the  individual  has  been  in 
a  leprous  country,  or  could  possibly  have  been  in  contact  with  lepers. 
There  has  been  a  case  in  London  of  such  retarded  incubation,  shewn 
by  me  at  the  Epidemiological  Society  in  1889,  and  another  Englishman, 
lately  under  my  care,  shewed  no  mark  of  the  disease  for  eleven  years 
after  coming  back  from  India,  whither  he  had  been  taken  as  a  child. 
Since  his  return  to  this  country  he  has  been  living  in  a  small  country 
town,  and  had  no  dealings  with  the  East,  or  with  any  one  or  anything 
therefrom.  A  third  instance,  a  young  lady  also  under  my  care,  shewed 
no  sign  of  fli.sease  until  seven  years  after  returning  home  from  Ceylon. 

Symptomatology. ^.Vodti/ar  /yymvy.— "Tuberculated,"  "tubercular," 
"  nodular-dermal,"  "  dermal,"  "  cutaneous,"  "  hypertrophic  "  leprosy. 
Lepra  tuberosa,  L.  tul>ercu]ata,  L.  tuberculosa,  L.  dermoplastica,  L^pre 
syst^mutis^e  t^gnmentaire. 

At  the  onset  of  this  form  of  the  disease  the  patient  suffers  raore  or 
less  from  prodromal  symptoms,  such  ns  irregular  rises  of  temperature, 
rigors,  lassitude,  drowsiness,  dyspepsia,  diarrhtea,  headache,  vertigo, 
epistaxis,  and  profuse  [terspi ration.  These  phenomena  may  be  very 
slight,  or  they  may  be  in  part  or  altogether  absent.  Even  when  well- 
marked  they  cannot  be  regarded  as  characteristic  of  leprosy  ;  they  are 
such  as  may  precede  any  specific  febrile  disease. 

As  a  rule  the  first  positive  indication  of  the  disease  is  the  appearance 
of  the  leprous  eruption,  which  shews  itself  as  a  slightly  raised,  irregular, 
shiny,  erythema-like  ]>atch  of  a  reddish  or  copper  tint  in  white  or  light 
coloured  races,  and  of  a  colour  which  hardly  differs  from  that  of  the 
surrounding  skin  in  negroes  and  the  darker  races.  There  is  from  the  first 
distinct  infiltration  of  the  dermis,  and  there  is  usually  some  hyperiesthesia. 
The  parts  which  are  generally  at  first  affected  are  the  lobes  of  the  ears, 
the  alse  of  the  nose,  the  malar  jirominences,  the  forehead,  the  eyebrows 
and  rfx>t  of  the  nose,  the  bps  and  chin.  Later  the  eruption  ap|>ears  on 
the  limbs  (especially  on  the  forearms),  thighs,  and  buttocks. 

These  patches  may  persist,  or  some  or  all  may  decrease  in  size,  and  so 
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far  disappear  as  to  le^ive  the  skin  al  its  originul  level,  willi  uiily  a  ilj^ 
bruwnish  discoloration.  In  some  cases  the  eruption  may  vanish  atugetlwt 
— giving  rise  too  often  to  illusory  hopes  of  cure.  After  a  time  fehri* 
symptoms  again  occur,  and  a  fresh  crop  of  eruption  breaks  out  Ttiii 
may  happen  several  times  before  the  appearance  of  the  cbnracterintit 
leprous  uodulea— the  so-called  "tubercles" — which  mark  the  WcuDjI 
stage  of  the  disease.  These  shew  themselves  as  small  papules  wliid) 
gradually  enlarge  to  the  size  of  a  pea,  or  in  the  course  of  time  eveii  tn 
that  of  a  pigeon's  egg.  They  usually  appear  first  on  the  aile  tA  t!w 
former  eruption,  but  ihey  may  also  arise  on  parts  of  the  body  hjtbstn 
imalfected.  They  are  tense,  ebiuy  masses,  reddish-brovm  in  hir  aubjacm 
and  rather  darker  than  the  surrounding  skin  in  the  dark  races.  In  lb 
former  small  blood-vessels  may  often  be  seen  over  the  nudule,  beoatl 
the  tightly  stretched  integument;  and  in  the  latter,  whose  slriiu  in 
normally  greasy,  the  openings  of  the  laigely  developed  sebaceous  ^ub 
are  usually  evident  and  plugged  with  dirt. 

In  rare  caaus,  a  definite  primary  eniption  seems  to  be  obsQati  od«  or 
more  nodules  being  apparently  the  earliest  maniTestntiona  of  Um  [liiflMt 
In  one  patient,  in  London,  who  bad  come  from  the  West  Indio^  tin  In 
ayraptom  observed  was  "  lameness  "  in  one  leg ;  six  years  nflerwudi  St 
eruption  appeared  on  the  thigh,  and  in  two  years  later  he  was  a  tyinl 
"  nodular  "  leper. 

As  time  goes  on,  parts  of  the  body  free  from  the  original  ernplMB 
become  invaded  by  the  new  growths.  They  appear  on  llie  hamli  Md 
fuigei-H,  feet,  shoulders,  arms,  and  more  rarely  on  the  back,  neck,  th* 
abdomen,  palms,  and  soles.  Thickening  of  the  skin  un  tlin  ellows  in) 
knees  is  not  uncommon,  but  disci'ete  nodules  hero  are  i-oi-e.  The  Mr 
scalp  is  very  rarely  affected.  The  male  manimary  gland  o(u?u  baaooa 
enliu-ged  and  the  nipple  nodidated.  The  prepuce  also  is  often  tliickm^ 
and  in&llratcd  by  the  new  growth,  and  micturition  may  be  impeded;  t^ 
glans  does  not  usually  appear  to  be  affected;  Gliick,  however,  (o(pJ 
it  infiltrated  in  ten  cases.  Loss  of  hair  fi'om  the  eyebrows  is  d^ 
observed  early  in  the  case.  The  fingers  and  toes  ai-e  freijnently  nroD». 
and  tapering  without  actual  nodulation,  and  the  nails  break  off  in  B«ta>~> 
The  skin  of  the  shins  may  become  tense,  shiny,  and  painful. 

Four  distinct  varieties  of  leprous  infiltration  may  in  these  cm*  I^ 
recognised  clinically  : — 

(it)  The  original  nodules  above  describe<l  may  remain  discreU^  vAM 
out  diffuse  infiltration  of  ihe  skin. 

{b)  The  nodules  may  coalesce  into  large  irregular  nodose  or  i 
masses,  varying  from  one  to  many  inches  in  diameter. 

{(■)  Difi'iise  infiltration  may  occur  from  thickening  of  the 
leprous  patches. 

('/)  In  rare  cases  subcutaneous  small  liard  nodules  mny  form,  the 
being  freely  movable  over  them. 

Two  or  more  of  the  above  varieties  may  co-exist  in  the  same  imIiOU- 

The  eye  is  often  involved  in  this  form  of  leprosy;  ihe  cniijiinrt''* 
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f  then  be  more  or  less  infiltrated,  enlarged  blood-vessels  are  usually 
I,  and  ihe  new  growth  may  implicate  the  eornea,  extending  from 
Jia  periphery  and  ultimately  penetrating  into  the  anterior  chamber. 
rhere  may  l«  severe  pain,  and  sight  may  be  destroyed.  The  iiis  and 
dliary  body  also  may  become  invaded,  and  even  the  choroid  and  retina, 
he  eyeball  being  thus  eventually  changed  to  a  ahapelesB  mass,  which  may 
hreaae  to  such  a  size  that  the  eyelids  cannot  cover  it.  Both  eyes  are 
■Gbi]  nITccted,  one  after  the  other. 

r  The  mucous  membrane  of  the  nose  becomes  thickened,  and  some- 
imee  nmlules  are  formed  in  it,  giving  rise  to  snuffling  and  nasal 
ntoiiation.  Attention  has  recently  been  directed  to  the  fi'equeiit  etirly 
niplicalion  of  the  nasal  and  pharyngeal  mucous  membranes  in  lepers. 
Modules  and  thickenings  are  occasionally  found  inside  the  cheeks  and  on 
he  palate  and  fauces ;  und  frequently  on  the  epiglottic,  ary-epiglottic 
Ltlds,  the  vocal  cords  and  ventricles  of  the  larynx.  Tiiey  have  been  seen 
CC^niially  in  the  trachea  and  bronchi,  the  uterus  and  vagina' 
|1  When  the  nodules  are  fully,  developed,  the  hypeiiestheaia  which 
fcnppaniad  the  initial  eruption  is  replaced  by  diminished  sensation  and 
Hn  by  complete  aniesthosia,  the  result  of  pressure  on  the  ends  of  the 
lerves.  At  this  stage  also  infiltration  of  the  nerve-tinmka  often  occurs^ 
he  case  becoming  a  "  mixed  "  one. 

The  further  history  of  the  nodules  varies.  In  some  cases  they  remain 
ilmosi  stationary',  or  increase  very  slowly ;  in  others  they  disappear 
altogether,  leaving  wrinkled  areas  of  skin,  and  somo  persistent  aiiwathesia, 
cicatrisation,  or  deformity ;  more  commonly  they  break  down,  suppurate, 
and  form  lUcers. 

■^  The  face  fi-etjuently  acquires  a  characteristic  leonine  aspect,  the  skin 
Ktlte  forehead  being  greatly  thickened,  the  natural  furrows  exaggerated, 
Bn  the  eyebrows  prominent  the  face  then  presenting  a  sombre  expression. 
"*•  growths  Bometimes  form  in  the  eyelids  and  hang  down  over  the  eyes. 
i^e  cheeks  are  often  puffed  out  and  pendulous  from  the  weight  of  the 
^plasm.  In  some  cases,  however,  the  nodules  may  remain  small  and 
*<5i-ete,  and  cover  the  nose,  lips,  and  chin  as  well  as  other  parts  of  the 
The  ears  are  usually  much  thickened  and  nodulated,  the  lobes 
g  especially  liable  to  infiltration,  with  consequent  enonnuus  enlarge- 
t  (Fig.  113). 
1  the  largest  class  of  cases  the  new  growths  increase  very  rapidly ; 
1  crops  suddenly  appear  from  time  to  time,  each  outburst  being 
mpanied  by  a  rise  of  temperature  to  102'  or  103°  F.  Several  such 
'  s  may  occur  in  the  course  of  a  year ;  and  during  their  jiresence  the 
latic  glands,  especially  the  femoral,  become  painful  and  swollen. 
I  the  fever  has  passeil  off,  more  or  less  enlargement  of  the  glands 
Some  recession  of  the  older  tubers  may  be  apparent  after 
K  attack,  but  the  total  amount  of  leprous  dc^xtsit  is  increased  at  every 
serbation.  The  hands  and  feet  often  become  covered  ivith  masses  of 
r  growth  which  are  easily  injured  on  movement  or  by  pressure  and 
:  Dixu  them  in  these  [>a5itiDQi>  nlthini);!)  lie  m&de  many  autopeies. 
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the  like  ;  the  resulting  sores  are  difficult  to  hca).     The  nails  drop  of 
are  converted  into  distorted  homy  pegs. 

The  condition  of  the  sexuai  organs  varies.  If  the  disease  be  f 
develop<^^d  in  males  before  puberty,  the  testicles  usually  remain  « 
and  ira|)erfectly  developed,  and  the  sexual. power  is  absent:  wheo 
onset  of  the  disease  takes  place  afcer  puberty,  although  at  first  there  i 


be  increase  of  sexual  desire  and  power,  testicnhir  atrophy  and  impoUB 
generally  follow.  In  leprous  women  there  Js  probably  a  like  efi* 
although  by  no  means  always  sterile,  in  most  cases  they  bear  few  t  ■ 
children,  .•uid  their  uH'spritig  are  often,  but  not  always,  weak  and  [»] 
and  die  early. 

After  the  stage  of  iiodiilation  has  lasted  for  a  variable  period  ^ 
final  stage  of  ulceration  sets  in,  and  the  growths  on  the  more  eip* 
jMirts,  such  as  the  face,  ears,  hands  and  feet,  are  usually  the  first  to  ukW 
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avourable  cases,  and  with  proper  attention  to  cleanliness,  these  ulcers 
heal  and  a  partial  spontaneous  cure  be  established,  the  patient  living 
'ears  afterwards,  much  disfigured  by  irregular  areas  of  cicatricial  tissue 
without  any  fresh  development  of  nodules.  Occasionally,  as  the  result 
catrisation,  the  mouth  becomes  so  contracted  that  the  tongue  cannot 
rotruded,  and  feeding  becomes  difficult  Sometimes  the  ulcers  on  the 
and  hands  become  the  seat  of  large  warty  masses. 
[n  other  cases  the  ulcers  refuse  to  heal,  and  spread  till  they  form 
3  irregular  tracts  of  ulceration  on  the  legs,  buttocks,  forearms,  etc., — 
3time8  more  or  less  enveloping  a  limb.  Large  florid  bleeding 
ulations  often  spring  up  on  the  ulcerating  nodules,  especially  on  the 
is  and  feet.  After  living  for  months  or  years  in'  this  state,  the 
snt  dies  from  simple  exhaustion,  kidney  disease,  tuberculosis,  or  other 
3ral  complications. 

In  a  third  class  of  cases  the  progress  of  events  is  more  rapid.  The 
rs  become  phagedaenic,  especially  on  the  fingers  and  toes;  the 
ghing  extends,  gangrene  of  one  or  more  extremities  follows,  and  the 
ent  soon  dies  of  exhaustion  or  pyaemia ;  but  this  latter  termination 
3t  so  cotnmon  as  in  the  other  forms  of  the  disease. 
Ehiring  the  course  of  the  cutaneous  ulceration  just  described,  other 
ptoms  are  often  present  as  the  result  of  ulceration  of  the  mucous 
ibranes.  Great  pain  and  photophobia  and  eventual  blindness  from 
eal  opacity  follow  ulceration  of  the  corneal  nodules,  even  if  the  latter 
)  not  already  invaded  the  rest  of  the  eye.  Pain  and  difficulty  in 
ig  and  swallowing  accompany  ulceration  of  the  lips,  tongue,  and 
es,  while  as  the  result  of  the  breaking  down  and  cicatrisation  of  the 
rths  of  the  epiglottis  and  larynx,  the  voice  becomes  croaking,  and 
itimes  reduced  to  a  whisper.  The  patients  also  sufTer  from  painful 
iks  of  dyspnoea,  which  sometimes  prove  fatal. 

^ooth  Leprosy. — **Aniesthetic,"  "non-tuberculated,"  "trophoneurotic," 
ophic,"  "  neural  "  or  **  nerve  "  leprosy,  "  Danielssen's  disease,"  Lepra 
w,  L,  atKesth^tiaij  L,  macule -ancesthetka,  L,  nervorum ^  L.  iieuroplastka, 
t  fystt-matist^e  nerveuse.  In  the  cases  in  which  anaesthesia  and  trophic 
ges  are  the  most  prominent  features  the  prodromes  are  less  marked 
in  those  just  described,  and  they  may  be  so  slight  as  to  be  over- 
9d.  Feelings  of  chilliness,  depression,  and  indefinite  malaise  are 
I  noticed.  The  patient  may  experience  shooting  pains  in  nerves, 
:;ially  the  ulnar  and  peroneal,  a  burning  and  tenderness  along  their 
3e,  and  hyper8?sthesia  of  the  skin  of  the  ])arts  they  supply.  These 
3  may  be  absent,  and  the  first  evidence  of  the  disease  may  be  the 
bness  of  the  hands  and  feet,  and  diminished  po^ver  of  grasping. 
•e  may  be  difficulty  in  holding  tools  during  work,  accidental  burns 
wounds  may  be  quite  painless,  and  walking  may  feel  like  treading  on 

In  other  cases  the  macula?  are  the  first  syn)ptoms  noticed.  These 
8,  which  generally  appear  singly,  are  of  three  kinds  :  (1)  those  which 
n  with  erythema,  (2)  those  which  begin  with  pigmentation,  and  (3) 
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those  in  wliich  ihii-c  \*  a  diminution  of  pigment  eiilier  initially  or  mpiily 
following  ;hi  excess  of  the  hitter,  llie  spots  are  often  of  a  li^hi  Lwjiptr 
or  brown  tint  in  fail'  xkins,  or  of  u  dirty  yellow  in  the  hiiickg,  and  mxk  n 
two  iiichuR  in  diiimeter:  they  ditler  as  a  rule  from  the  priiniiry  eniini''S 
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of  nodular  lejirosy  in  not  being  raisud  above  the  siiri-oiinding  skin 
this  stiige  tliiy  are  gem^rally  neither  hyportpsthetic  nor  anafuhetir.  '•"' 
the  siicrctioti  of  sw-Piit  may  be  locally  absent.  The  eniption  usually  apjw* 
tij-st  on  the  sthonlilei-R,  K'tck  anil  loins,  buttocks,  thighs,  knees  and  t^tif^ 
and  on  the  tac-e  :  but  the  fai-e  often  escapes  altogether.  Sonn>trnw  ■' 
wenr-T  in  the  areas'  nf   certain    nerves,  such  as    the  muscnIo-spirJ  ^' 
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ulnar.  Fresh  patches  continue  to  appear,  but  the  patient's  general 
health  may  be  unaffected — no  special  symptoms  being  observed.  It 
often  happens,  however,  that  about  this  time  anaesthesia  of  the  skin 
supplied  by  the  ulnar  nerve  is  apparent ;  and  the  fourth  and  fifth  fingers 
may  begin  to  contract — ^more  commonly  in  the  left  hand. 

The  next  stage  of  the  disease  is  characterised  by  the  spreading  of 
the  emption.  After  the  original  spots  have  remained  unchanged  for  a 
year  or  two  they  begin  to  enlarge  peripherally.  The  centre  fades  to  a 
dirty  white  or  pale  yellow,  and  at  the  same  time  becomes  anaesthetic. 
The  hairs  fall  out,  and  the  patch  becomes  wrinkled  and  dry  from  the 
destruction  of  the  sweat-glands.  The  border  is  now  slightly  raised,  is  of 
m  reddish-brown  colour,  and  may  be  studded  with  small  papules,  which 
flometimes  become  vesicular.  In  rare  cases  the  vesicles  increase  in  size 
and  become  pustular.  Desquamation  is  always  more  or  less  present  as 
the  patch  grows,  the  scales  being  thin  and  powdery  about  the  centre, 
and  larger  at  the  periphery.  If  vesicles  or  pustules  be  present,  they 
burst  and  leave  scabs  which  eventually  fall  off.  Individual  spots  may 
increase  greatly  in  size,  or  neighbouring  ones  may  coalesce  into  large 
eerpiginously  bordered  tracts ;  and  immense  areas  of  the  integument — 
for  example,  the  whole  of  the  skin  of  the  back  or  thighs — may  thus 
become  changed.  The  face  is  occasionally  completely  thus  invaded  and 
discoloured,  the  area  extending  from  the  margin  of  the  scalp  to  below  the 
jaWy  and  imparting  to  a  negro  the  physiognomy  of  a  half-caste. 

The  more  superficial  nerve-trunks  may  now,  or  perhaps  at  an  earlier 
stage,  be  felt  enlarged  beneath  the  skin,  especially  the  ulnar  above  the 
fllbow.  With  the  spread  of  the  eruption  the  anaesthesia  increases,  until 
ia  some  cases  the  whole  of  the  upper  or  lower  extremities,  or  more  rarely 
the  greater  part  of  the  body  and  limbs,  becomes  lost  to  feeling.  Anaes- 
may  also  be  present  beyond  the  area  of  the  patches,  even  when  the 
retain  a  certain  amount  of  sensation.  There  arc  also  cases  in  which 
IB  anaBSthesia  of  the  mucous  membrane  of  the  mouth  and  pharynx. 

When  the  active  spreading  stage  is  over,  the  margins  of  the  spots 
lade  in  colour  and  regain  the  level  of  the  surrounding  skin.  In  white 
patients  it  is  sometimes  difficult  to  distinguish  any  difference  of  colour 
between  the  anaesthetic  patch  and  the  rest  of  the  skin.  In  a  Frenchman 
vbdar  Dr.  Eake's  care  in  Trinidad  there  was  no  variation  of  tint  until 
{our  years  after  the  onset  of  the  disease :  the  patches  then  became 
mapped  out  by  congestion  of  the  surrounding  skin.  In  very  rare  cases 
there  may  be  no  skin  eruption. 

The  final  stage  of  permanence  is  now  reached.  After  the  eruption 
has  ceased  to  be  active,  or  when  there  is  no  further  deposit  in  the 
nerves,  the  disease  may  remain  stationary  for  a  number  of  years — the 
only  evidence  of  the  disease  being  the  remains  of  the  eruption,  and  more 
or  less  contraction  of  the  fingers.  In  the  majority  of  cases,  however, 
paralysis  and  destruction  of  tissue  progress,  as  the  result  of  the  increased 
amount  of  new  growth  in  the  nerves. 

The  contraction  which  has  already  been  mentioned,  as  usually  com- 
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mencing  in  the  fourth  and  fifth  fingers,  extends  to  the  other  digits — in  leK 
degree,  perhaps,  in  the  case  of  the  thumb, — the  second  and  third  phalangK 
being  flexed  towards  the  palm,  so  as  to  give  the  extremity  a  claw-like 
appearance.     The  interossei  and  the  muscles  of  the  thenar  and  hypo- 
thenar  eminences  at  the  same  time  become  wasted.     Similar  changes,  but 
less  marked  as  a  rule,  take  place  in  the  lower  extremities.     As  a  liter 
effect  there  may  be  wrist-drop,  and  more  rarely  atrophy  of  the  miisck* 
of  the  leg,  giving  rise  to  a  flail-like  condition  of  the  foot ;  and  occasionaUj 
there  is  effusion  into  the  wrist  and  ankle  joints,  with  erosion  of  cartila^ 
and  dislocation    of    the    bones,    exactly    resembling    Charcots    diseue. 
Ulceration    frequently    now    ensues,    either   as   the    result    of   bursting 
of  large  bullae  on  the  hands  and  feet,  or  as  the  effect  of  mechanicil 
injury  to  the  anaesthetic  parts.     The  patient  m^y  take  up  a  hot  cup  or 
pipe  ^vithout  feeling  it,  step  on  a  sharp  stone  and  the  like,  thus  pro- 
ducing wounds  which  break  down  into  perforating  ulcers.     More  con- 
monly,  however,  this  form  of  ulcer  begins  as  a  bulla  which,  prevented 
from  early   rupture  by  the  thickened  epidermis  of  the   sole,  burroii 
deeply  into  the  tissues.     Ulcers  are  especially  common  on  the  fingers  and 
toes ;  and  the  nails  often  split  and  break,  or  are  changed  into  talon-lika 
appendages. 

The  bones  become  necrosed,  and  are  cast  off  whole  or  in  pieces ;  or 
in  other  cases  interstitial  absorption  of  bone  takes  place,  and  the  finger 
or  toe  l^ecomes  shortened,  the  remains  of  the  phalanges  ultimateir 
becoming  ankylosed.  In  whatever  way  the  bones  be  removed,  a  portiM 
of  tlie  nail  usually  persists  as  a  horny  peg  attached  to  the  end  of  tk 
stump.  Destruction  of  the  bones  of  the  carpus  and  metacarpus  is  nre: 
but  in  the  lower  extremity  the  necrosis  often  involves  the  other  bona  ol 
the  foot  as  well  as  the  phalanges^-especially  the  metatarsals  and  ol- 
caneum.  Occasionally  all  the  distal  parts  of  both  lower  and  upper  liobi 
are  removed  in  this  way,  as  if  amputation  had  been  performed.  R»re 
cases  have  been  dcscril)ed  in  which  the  caries  has  extended  beyoiMl  tke 
wrist  and  ankle  joints,  and  the  epidermic  remains  of  the  digits  htre 
been  seen  even  as  far  up  the  limb  as  the  elbow-joiut. 

Ulcers  over  the  knees,  shins,  elbows,  and  other  parts  of  the  bodr 
also  occur,  but  nuich  less  frequently  than  in  nodular  leprosy ;  cneb 
often  open  on  the  pdmar  and  plantar  aspects  of  the  digits,  beginning  iB 
the  grooves  beneath  the  joints,  spreading  transversely,  and  forming 
chronic  ulcers.  Suppiu-ation  may  extend  along  the  sheaths  of  tk 
tendons,  with  resulting  necrosis  of  the  latter  as  well  as  of  the  bonrt 
In  other  cases  a  furrow  may  form  between  the  joints,  and  by  gnwlnJ 
deepening  produce  a  condition  resembling  ainhum.  Though  the  ulcen 
of  "anaesthetic"  leprosy  are  for  the  most  part  painless,  distressing 
neuralgia  may  accompany  perforating  ulcers  of  the  foot ;  and  in  oikff 
cases  there  may  be  intense  pain  in  the  sciatic,  ulnar,  supraorbiul,  ^ 
other  nerves,  due  to  the  interstitial  deposit.  The  patient,  moreover,  di^ 
complains  of  feeling  cold.  The  ulcerations  sometimes  spread  rapidk, 
and   become  gangrenous,   all   the  tissues  being  affected,   and  a  line « 
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demarcatiiin  formed.  The  gangrene  may  be  limited  to  one  or  more  of 
the  fingere  or  toes,  oi'  the  whole  hand  ot'  foot  may  be  involved  ;  in  rare 
cases  it  may  extend  farther  up  the  limb.  As  a  reaidt  of  hanl  labour, 
handling  tools,  etc.,  suppuration  may  be  set  up  in  uii  anfesthetic  finger, 
«nd  may  travel  up  the  tendons  and  Imrrow  into  ihe  muscles  as  far  as  the 
elbow.  Towards  the  end  of  life  symmetrical  bed-sores  sometimes  form 
rapidly  over  the  buttocks. 
The  alTections  of  the  eye  in  this  form  of  leprosy  are  mainly  the 
T«auit  of  lesions  or  the  fifth  and  seventh  nerves.  Ophthalmia  is  not 
uncommon,  and  ulceration  of  the  cornea  frequently  occurs  which  may 
lead  to  pannuB,  onyx,  hypojiyon,  iritis,  and  occasionally  to  the  destruc- 
tion of  the  whole  eye.  There  may  be  ptosis  ;  and  paralytic  ectropion  is 
often  seen,  with  facial  paralysis  of  the  same  side.     The  surface  of  the  cornea 

I     may  1«  quite  aniesthetic  without  any  of  the  other  evidences  of  disease. 
Sexual  desire  is  not  as  a  rule  increased  in  smooth  leprosy  ;    but  the 
power  of  procreation  is  retained  until  a  comparatively  late  period. 
"Mixfil"  Leprosy. — Gerlach  and  others  believe  that  in  the  smooth 
form  of   leprosy  the   primary  growth   commences   in  the   integument 
aroniid  the  peripheral  nerve-endings,  travelling  iip  along  the  fibres,  bo 
ihat.  in  one   sense,  even   these  cases  are  "  mixed "  from  a  very  early 
I>erii>d.      It  is  nevertheless  true,  that  in  the  majority  of  cases  the  early 
sfciu  changes  do  not,  as  we  have  seen,  present  quite  the  same  appearances 
**  in  nodular  leprosy.^     In  a  large  number  anfesthetic  patches  and  other 
^"dances  of  nerve  infiltration  co-exist  with  definite  cutaneous  thickenings, 
**><!   we  may  therefore,  for  clinical  purposes,  class  such  cases  together 
Under  the  appellation  of  "mixed  leprosy."     These  may  also  lie  considered 
"nder  three  heads  :— 
( 1 )  Those  in  which  the  leprous  infiltration  is  for  a  long  period  confined 
'"**  the  skin,  and  subsequently  advances  to  the  nerve-trunks. 

(2)  Those  in  which  the  symptoms  of  nerve  implication  are  for  a 
'  '*'i»iderable   time   manifested   alone,   the  formation   of  dermal  nodules 

■^'ig  subsequent;  and 

(3)  Those  in  which  the  leprous  dermal  infiltrations  and  the  various 
*.^  liptoms  of  nerve-trnnk  implication  are  observed  together  from  a  very 
"^'■1,V  perioil  of  the  disease. 

Of  these  the  first  class  is  by  far  the  most  numerous,  and,  indeed,  so 

"■ten  do  the  nerve-trunks  become  involved  in  advanced  cases  of  nodular 

''I^i^osy,  that  we  may  regard  a  leper  with  this  latter  form  of  the  disease  as 

'ri^    -who  has  not  lived  long  enough  to  develop  "mixed  leprosy,"  which  is 

'**    complete  or  generalised  affection. 

The  second  class  of  cases,  in  which  nodules  develop  late  in  the  course 

*~*  «jural  leprosy,  is  undoubtedly  rare.     In  ten  years'  experience  at  Trinidad 

^^***.V  three  instances  were  noticed.    Leloir  also  only  mentions  three  cases. 

The  third  class  is  less  uncommon,  and  it  often  happens  that  early 

ttiticliou,  sUhoiigh  li«  luliiiiu  tlist  t)>«  |«lcheB  of  thv 
^lier,  inrlkating  n  prmter  degree  of  inliUralinn  tlisn 


68a  SYSTE.V  OF  MEDICiNIi 

cutfineoiis  intilti'atiuiis  almust  or  qiiiU;  disappear,  there  retniiiiiiii^  i>: 
aiisesthesin,  defornnty,  etc.  In  nuch  cases  it  woul<l  HOmetimes  )■'  u\f.'- 
to  Iwliuvp  that  the  piitieiit's  skin  hiul  ever  l>een  Hodulnt«cl  Wfce  it  \\«\ 


the  i)i-i!S(!iice  of  flabliy.  uriiiklcd  [uitches  on  the  eitra,  checks,  ;ii 
uttos  (>f  tlic  fi'i'mor  tKxliiles.      A  dctniled  account  of   the  Evm{iioiii^ '< 
"  mixRil  "  leprosy  is  imiiecesnitry,  foi-  ihcy  coimist  of  u  tonilHiw  ' 
varying  |ir()]inrtimiii,  of  the  pheiiomeiiii  already  described. 
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In  the  Trinidad  Asylum,  during  a  period  of  eight  yeare,  piibnoimry 
and  other  forms  of  visceral  UiberciiloBis  were  immediately  respoiisible 
for  30  per  cent  of  the  deaths  among  the  nodular  cases,  for  19  per  cent 
nf  the  deaths  among  smooth  cases,  and  25  per  cent  of  those  among  the 
"  mixed "  cases ;  various  forms  of  kidney  disease  caused  30  per  cent  of 
the  deaths  among  the  nodular  cases,  '27  per  cent  among  the  smooth, 
and  ]  0  per  cent  among  the  mixed  ;  tuberculosis  and  renal  affections 
combined  were  responsible  for  H  per  cent,  3  per  cent,  and  10  per  cent 
of  ihe  deaihs  respectively ;  and  the  leprosy  itself,  or  exhaustion  from 
leproits  ulcerations,  gangrene,  pyemia,  asphyxia,  due  to  obstruction  of  the 
larynx,  and  accidental  complications,  were  ascribed  as  immediate  causes 
<:if  death  in  36  per  cent  of  the  nodnlur,  b\  of  the  smooth,  and  55  of  the 
mixed  lepers.  Observations  in  the  same  asylum  extending  over  18 
years  shewed  the  average  age  of  onset  to  be  21 J  years,  30 J  years,  and 
ZTi\  years  in  the  three  classes  of  cases  respectively, 

The  Dia^osls. — When  nodular  leprosy  is  fully  developed  its  diagnosis 
•hould  be  ft  matter  of  no  difficulty  ;  for  apart  fiom  the  obvious  naked-eye 
appearances — the  localised  nodulations,  thickenings,  and  discolorntions,  the 
history  of  the  primary  eruptions,  etc.^a  small  piece  of  new  growth  ex- 
tiwd  or  scraped  will  always  exhibit  the  specific  bacilli.  In  an  early  stage 
the  eruption  might  be  mistaken  for  a  syphilide,  but  microscopical  ex- 
amination, the  test  of  antisyphilitic  treatment,  and  careful  consideration 
'A  concurrent  si  mptoma — as  well  as  the  history- — should  soon  settle  the 
matter.  The  characters  of  the  primary  eruptions,  already  described,  the 
speoial  sites  of  predilection,  the  far  more  chronic  course,  and  the  accom- 
ponying  Inotl  loss  of  hair,  sufficiently  distinguish  the  leprous  from  the 
syphilitic  exanthem.  It  must  not  be  forgotten  that  syphilis  may  co-exiat 
"Tth  leprosy  ;  its  characteristic  lesions  should  therefore  be  looked  for. 

Certain  cases  of  tuberculides — lupus  vulgaris,  scrofulodermia,  as  well 

"■^  L,  erythematosus — have  at  times  been  mistaken  for  leprosy  ;   but  the 

history  and  other  characteristics  should  suffice  to  distinguish  the  diseases, 

^'^'en  without  an  examination  for  the  bacilli.     The  same  also  may  be  said 

**'  the  idiopathic  erythemas  which  may  resemble  the  first  stage  of  the 

'*proiia  eruption,  espeeially  erythema  exudativiim,  in  which  the  patches 

•'c  smaller,  run  a  more  acute  course,  clear  up  from  the  centre  as  they  in- 

^^^**»«  in  eize,  and  leave  but  a  transitory  stain  ;  there  is,  moreover,  not 

^B?^*  flame  notable  alteration  of  sensation  or  febrile  disturbance. 

^^^       Many  other  diseases  causing  lumefactions  of  the  skin  have  from  time 

^     time   been   mistaken  for  nodular   leprosy — for  instance,    pigmented 

T^'"cnraa  and  other  malignant  gi'Owths,  elephantiasis  arabum,  molluscum 

"  "^rcsiim,  yaws,  acne^but  attention  to  the  above  descriptions  shotild  leave 

*^   <Joubt  in  the  mind  of  the  observer. 

On  the  other  hand,  It  is  not  always  so  easy  to  distinguish  cases  of 
'*'*i~ely  neural  leprosy  from  certain  other  affections  in  which  the  nervous 
_y^tem  may  be  implicated.  Advanced  cases  have  frequently  been  con- 
-^^*lnded  with  syringomyelia.  Morvan'a  analgesic  whitlow,  progressive 
""  Miliar  atrophy,  peripheral  neuritis,  sclerodaetyly,  ainhum,  and   Ray- 
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uadd's  diseHse.  The  reeeinblanco  of  these  diseases  to  certain  cam  at 
this  form  of  leprosy  is,  indeed,  so  grent  that  Zambaco  Pwhn  ha*  an- 
hesitatingly  affirmed  that  they  'tre  ail  of  them,  as  well  as  sclerodemu* 
nod  morpfacBa,  moditied  or  attenuated  forms  of  leprosy.  As  a  gtsenl 
rule,  howuver,  the  sufferer  from  neural  lepruay  exhibits  at  some  «up 
the  characteristic  discoloured  and  anffisthetic  patches  on  the  Bkin,  uul 
he  has  almost  invariably  been  in  leprous  districts  or  has  associated  vitli 
lepers.  Moreover,  the  bacillus  may  be  found  sooner  or  later  in  the 
neoplasm  in  the  nerves. 

The  eruption  in  the  early  stages  may  sometimes  closely  dntnliu 
leucodermia;  and  in  children  especially,  or  in  patients  of  weak  inuUed, 
the  diagnosis  may  be  retarded  by  the  difficulty  of  det«nninijig  degrMof 


It  has  been  estimated  that  at  least  5  per  cent  of  the  suppoeed  lepn 
in  the  East  are  suffering  from  other  diseases  which  Buperficially  resemUt 
true  leprosy. 

Profrnosls. — The  prognosis  in  leprosy  is  very  bad.  It  ba«  been  •»! 
"  once  a  leper  always  a  leper,"  and  that  the  disease  is  incurable.  It  » 
true  that  with  very  few  exceptions  the  malady  goes  on  from  W  » 
worse  ill  spite  of  all  treatment,  and  that  the  patient's  life  is  shortened 
Yeb  it  must  be  remembered  that  in  miiTiy  asjlums  in  Norwny,  and  d>» 
where,  there  are  inmates  in  whom  the  disease  has  Ijceii  arreel«d  ^ 
many  years — ^the  cases  practically  cured,  but  of  course  with  more  or  l» 
deformity  and  loss  of  tissue. 

Several  instances  of  ap|>arent  cure  have  been  recorded  by  Itlanm. 
Hutchinson,  Cottle,  Unna,  Phillippo,  C.  Fox,  Francis,  the  Nopufp"* 
physicians,  and  others,  and  in  some  of  them,  at  any  rate,  a  recmdwcow 
of  the  disease  hiid  not  apjieared  up  to  the  time  of  the  de»th  of  ll* 
patient  in  old  age.  The  official  report  for  Norway  gives  the  nuinb«r  »* 
cured  cases  at  thirty-eight  during  the  five  years  1881  to  1885.  Tlw* 
is,  indeed,  reii.son  to  believe  that  there  is  hope  in  some  cuaes,  eapwaiy' 
if  measures  be  adopted  at  an  early  stage.  TTie  disease  octaeionil^ 
proves  faUil  in  a  year  or  two,  or  it  may  progress  more  slowly,  espedifl]^ 
when  the  nerves  only  are  affected,  for  several  decades ;  lop«n  M^ 
ocuasio[ially  seen  in  whom  the  disease  has  been  slowly  progresaiiig  I'*' 
forty  years.  Observations  at  Trinidad  gave  in  18  years  mi  avenff 
duration  of  life  of  6  J  years  for  the  nodular,  10  years  for  the  ueui*' 
and  9}  years  for  the  "mixed"  cases,  These  figures  seem  worse  tl* 
those  given  by  Daniolsaen  and  Bocck^namely,  9J  years  in  the  Dotliil"* 
and  18i  in  the  neural  fonn  ;  but  those  observers  excluded  all  A*»V~^ 
fi-om  intercurrent  diseases.  Carter's  calculations  for  Beimh*y  appro^  ^^ 
mate  to  the  Norwegian  statistics ;  and  l*loir  gives  8  to  1 2  yean  t* 
nodular  eases,  and  18  to  20  for  the  neural.  When  the  affection  tnaV 
its  appearance  in  early  life,  its  coui'se,  especially  iu  the  lu-ural  form* 
usually  more  rapid  than  when  it  attacks  old  people  ;  and  fioquent  k*^ 
outbreaks  of  nodules,  and  early  implication  of  the  larynx,  make 
prognosis  more  unfavourable.     The  progress  of    the  disenso  is    ut 
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n  cases  with  diffuse  infiltrations  of  the  skin  than  in  those  in 
rops  of  discrete  nodules  frequently  appear.  The  presence  of 
complications  shortens  the  expectation  of   life  in   all   cases   of 

Treatment  of  leprosy  is  by  no  means  satisfactory ;  but  although 
ute  ciu'e  can  rarely  be  anticipated,  it  is  a  mistake  to  suppose 
ling  can  be  done  to  prolong  life,  or  to  mitigate  suffering,  or  even 
klly  to  eradicate  the  disease.  We  may  consider  the  treatment 
e  heads  Hygienic,  Medicinal,  and  Surgical. 
tnk, — It  is  of  the  utmost  importance  to  lepers,  as  to  other 
that  their  surroundings  should  be  healthy.  They  should  have 
f  fresh  air,  their  dwellings  be  well  ventilated  and  dry,  the 
I  of  heat  and  cold  avoided,  strict  cleanliness  enforced,  and  good, 
ig  diet  provided,  such  as  fresh  meat  and  vegetables,  with  no 
:  indigestible  food.  Fish  and  other  decomposable  substances 
ot  be  eaten  unless  quite  fresh.  Some  few  lepers  have  stated 
r  ulcers  have  become  worse  after  eating  fish ;  but  this  is  by  no 
ie  general  experience.  Plenty  of  exercise  should  be  taken,  as 
promote  the  general  nutrition  as  to  excite,  if  possible,  the  action 
veat-glands.  The  patients  should  be  warmly  clothed,  for  they 
lly  very  susceptible  to  cold ;  and  we  have  seen  how  liable  they 
sease  of  the  kidneys. 

3val  to  another  climate,  especially  to  a  country  in  which  the 
s  not  endemic,  often  has  a  very  beneficial  effect,  particularly  in 

stages  of  the  disease.     Many  colonials,  for  instance,  who  have 
uninfected  parts  of  Europe  have  probably  lived  longer  than  they 
ive  done  in  their  own  countries.^ 
fftno/. — No  specific  drug  has   yet   been   discovered  for  leprosy, 

it  must  be  admitted  that  effects,  both  locally  and  generally 
I,  can  often  be  produced  by  certain  external  and  internal 
In  estimating  their  value  in  individual  cases,  however,  it 
b  be  forgotten  that  the  symptoms  of  the  disease  are  sometimes 
t«d,  or  even  arrested  for  a  considerable  time,  spontjineously  or 
►ved  hygienic  conditions  alone. 

le  numerous  vegetable  oils  which  have  been  used  for  leprosy, 
ynocardiai,    or    "chaulmoogra   oil,"   appears    to    be    the    most 

a  case  is  known  to  me.  Ten  or  twelve  years  ago  a  gentleman,  then  aged  about 
a  married  man,  by  the  way),  who  had  suffered  a  good  deal  of  privation  as  a 
in  the  East,  consulted  me  for  numbness  and  pains.  The  ulnar  and  other  nerves 
ly  traceable  by  the  finger  for  long  distances  on  both  hands,  and  there  were 
patches.  At  my  request  he  consulted  an  eminent  authority  on  leprosy,  whom  I 
uly  warned  to  give  the  diagnosis  to  me  only.  He  agreed  with  me  that  the  case 
early  but  well-marked  leprosy.  To  the  patient's  surprise,  we  maile  him  throw 
>intmcnt  and  forbade  him  to  return  to  the  East  in  any  circumstances.  He  is 
and  ignorant  of  his  mala<ly  ;  *I  have  not  examined  him  lor  some  years,  as  he 
iiself  to  be  well,  and  it  is  l)est  for  him  not  to  have  his  attention  drawn  to  him- 
ity-five  or  thirty  years  ago  a  young  medical  man  shewe<l  me  his  own  fingers, 
:he  ulnar  sides  of  the  hands,  were  contracte<l  and  anjpsthetic.  He  was  l)om  in 
A,  and  took  leprosy  as  a  child.  He  had  lived  in  England  since  childhood,  and 
nself  to  >>e  quite  "cured."— T.C.A. 
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efficacious,  and  it  is  certainly  believed  in  by  the  lepers  themselves.  Ai 
the  Trinidad  Asylum,  in  eighteen  cases  in  which  its  prolonged  use  m 
tried,  the  chief  effects  observed  were — (1)  Increase  of  perspintioi, 
(2)  decrease  of  the  nodules,  (3)  improved  appetite,  (4)  lesst^ning  i 
anaesthesia,  (5)  greater  suppleness  of  the  skin,  (6)  lessening  of  the  pun 
in  the  joints.  The  oil  may  be  given  in  doses  of  10  minims,  prefenUf 
in  capsules,  two  or  three  times  a  day,  and  gradually  increased  until  m 
or  two  drachms  are  taken  in  the  twenty-four  hours.  At  the  same  xm 
it  should  be  well  rubbed  in — either  pure  or  as  an  emulsion  with  ii 
equal  part  of  lime  water — twice  a  day  over  the  affected  parts  oftk 
skin,  or  even  over  the  whole  body.  The  active  principle  of  thed 
gynocardic  acid,  has  also  been  prescribed  internally  by  Besnierfl' 
others.  The  soda  and  magnesium  salts  are  well  borne,  and  in  at  IflMt 
two  cases  in  England  under  my  own  care  they  have  appeared,  in  c» 
bination  with  external  treatment,  to  be  of  distinct  benefit.  Satisktoy 
results  have  been  obtained  by  the  intramuscular  and  subcutineoi 
injection  of  this  oil  (Tourtoulis  Bey).  Gurjon  oil,  which  is  usedint* 
nally  and  externally  in  the  same  doses  and  manner  iis  the  chaiilmoop» 
has  not  seemed  at  Trinidad  to  be  so  useful.  It  is  possible  that  the  good 
results  originally  obtained  by  Dougall  in  the  Andaman  Islands  were  ■ 
part  due  to  the  fact  that  the  patients,  being  convicts,  were  compelled  n 
inunct  themselves  in  a  most  thorough  manner  twice  a  day  for  two  boo* 
each  time.  Ilillis  speaks  well  of  the  gurjun-oil  treatment.  Otheni»'« 
not  been  equally  successful  with  these  oils,  and  the  failures  may  huTebe^ 
due  to  the  difficulty  of  carrying  out  methods  of  treatment  so  proiongfi 
troublesome,  and  disagreeable ;  and  also  to  the  varying  compositions  i 
different  specimens.  Phillippo  of  Jamaica  has  brought  forward  a  cue  • 
well-marked  leprosy  of  six  or  seven  years'  duration,  which  he  t»w  ] 
vigorously  with  gurjun  oil  externally  and  chaulmoogra  internally  fri* 
1879  to  1886.  The  man  during  that  time  practically  "lived**  ingre>* 
Improvement  gradually  set  in  after  the  first  two  years  of  the  treatffld^ 
and  at  the  end  of  the  period  all  the  symptoms  had  disappeared.  * 
had  remained  "  cured  **  for  five  years  when  the  account  was  published  ■ 
1890. 

It  has  been  suggested  that  the  persistent  and  thorough  apphcationa 
any  oil  may  ameliorate  leprosy ;  and  good  results  have  been  especiillf 
claimed  for  the  cowti  oil  advocated  by  Bhao  Daji  of  Bombay.  ^ 
latter  oil  has  not,  however,  proved  so  useful  as  chaulmoogra  in  '^ 
experience  of  other  physicians. 

The  Beauperthuy  treatment,  which  has  been  much  lauded,  conaW 
in  applying  cashew- nut  oil,  as  a  local  caustic,  to  the  nodules  and  pafeb* 
presciibing  at  the  same  time  careful  diet,  attention  to  the  functions « 
the  skin  by  frequent  friction  and  bath§,  and  other  hygienic  measorei* 
well  as  internal  medication  with  alkaline  Sfilts  or  perchloride  of  mercfflj- 
The  ciises  which  were  reported  as  cured,  however,  subsequently  reU|)>* 
Mercury,  although  extensively  tried,  has  been  of  little  or  no  therapfOW 
value  in  leprosy,  except  when  complicated  with  syphilis.     Dr.  Radc^ 
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r  has  reported  good  results  in  two  cases  from  intramuscular 
)ns  of  perch loride  of  mercury.  This  method  was  tried  in  many 
t  Little  Bay  Asylum,  New  South  Wales,  without  modification  of 
irse  of  the  disease. 

some  cases  at  Trinidad  arsenic  was  beneficial.  It  was  admin- 
as  the  liquor  arsenicalis,  commencing  with  three  minims  and 
lly  increasing  the  dose  until  the  limit  of  toleration  was  reached. 
)  cases  there  was  a  marked  diminution  of  the  febrile  nodular 
>ation8.  This  drug  has  also  been  employed  in  leprosy  by  Mr. 
nson  and  others. 

B  supposed  specific  of  the  Chinese,  "  Hoang  Nan,"  has  proved  of 
r  no  use  in  Hawaii,  India,  and  elsewhere. 

nielssen  obtained  better  results  in  leprosy  with  salicylate  of  soda 
ith  any  other  drug.  When  indicated  he  also  gave  cod-liver  oil, 
uinine. 

tz  reported  good  results  from  the  administration  of  salol  in  large 
20  to  30  grains  three  times  a  day,  and  Cook  in  Madras  also 
\  temporary  mitigating  effect  from  its  use ;  but  the  latter  came 
:ely  to  the  conclusion,  after  a  three  months'  trial  in  twelve  cases, 
has  reiilly  no  therapeutic  value  in  leprosy. 

e  reducing  remedies,  ichthyol,  resorcin,  pyrogallol,  and  chrysa- 
have  been  strongly  recommended  by  Unna,  who  has  published 
>f  supposed  "  cui-e  "  by  their  use.  Many  observers  have,  however, 
that,  although  local  improvement  may  be  effected  by  these  means, 
ave  not  justified  expectations.  A  similar  remark  may  be  made 
rd  to  europhen,  which  Goldschmidt  found  useful  in  one  case  in 
».  The  local  application  of  formalin  is  recommended  by 
son. 

!ASsium  chlorate  was  given  in  large  doses  by  Caneau  to  a  leper  in 
oupe,  who  took  675  grains  in  three  days,  with  distinct  diminution 
nodules.  It  was  tried  on  two  patients  at  the  Trinidad  Asylum  in 
imounting  to  80  to  100  grains  a  day  for  several  weeks.  Only 
lecrease  of  the  nodules  was  noticed,  probably  not  more  than  could 
sen  effected  by  free  purging  with  magnesium  salts. 
B  injection  of  tuberculin  has  been  shewn  to  be  practically  valueless 
"O&y  by  a  considerable  number  of  observers,  including  myself. 
;utional  disturbance  is  as  a  rule  produced,  but  of  a  somewhat 
it  character  from  that  caused  in  tuberculous  patients,  and  some  of 
lules  may  soften  and  disappear.  Fresh  ones,  however,  crop  up,  and 
/ients  are  generally  no  better  off  after  the  treatment  than  before. 
ave  administered  thyroid  gland  to  two  patients  in  England,  and 
the  effect  was  apparently  good  ;  the  man  felt  better  in  every  way 
aking  the  tablets  for  about  a  year,  and  had  no  febrile  attacks ; 
earned  also  to  be  some  lessening  of  the  cutaneous  induration.  In 
kd  it  was  tried  for  a  few  weeks  on  five  patients  with  well-developed 
r  leprosy,  with  but  little  effect.  In  most  of  them  the  symptoms 
"oidism  were  produced. 
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The  inoculation  of  erysipelas  in  one  case  has  bad  a  good  result,  bm 
the  treatment  is  dangerous,  to  say  the  least  of  it. 

Experiments  in  connexion  with  blood-serum  therapy  have  been  tried 
at  the  Trinidad  Asylum  and  elsewhere,  in  the  anticipation  that  a  spedfe 
antitoxin  may  be  discovered  for  leprosy. 

Carrasquilla  injected  the  blood  of  lepers  into  horses  and  subsequoidj 
injected  the  horse-serum  into  a  large  number  of  lepers  at  Bogota,  md 
published  most  encouraging  results.  His  serum  has  been  widely  tried 
in  other  countries,  but  with  little  or  no  good  effect.  Herman  and 
myself,  in  1896-7,  employed  in  two  cases  in  London  a  serum  obtaJDcd 
from  a  horse  into  whose  jugular  vein  an  emulsion  of  leper-juice  froo 
recent  nodules  hatl  been  introduced.  There  was  an  apparent  bencSdd 
effect  in  one  of  the  cases.  A  sample  of  the  same  serum  was  sent  to 
Robben  Island  and  used  by  Atherstone  and  Black  in  two  cases;  tl«T 
reported  that  some  improvement  was  manifest  in  one  of  them,  ul 
anaesthetic  patient.  Many  experiments  in  this  direction  are  now  ii 
progress  with  hopeful  anticipations.  Dyer,  in  New  Orleans,  has  had 
good  results  by  injecting  in  several  cases  antivenene  prepared  from  snab 
poison.  Capt.  Rost  has  prepared  a  "leprolin,"  on  the  lines  of  Koch* 
tuberculin,  from  supposed  cultures  of  leprosy  bacilli,  and  has  reported 
good  results  from  its  use  in  a  large  number  of  cases.  AVood  and 
Fleming,  and  several  other  medical  officers  in  India,  have  tried  Rosti 
preparation  with  more  or  less  improvement  in  the  symptoms  of  tbf 
disease.  In  all  cases  Capt.  Rost  recommends  an  accompanying  loetl 
application  of  common  salt. 

Radiotlie.rapy  avd  Electricity. — Under  the  influence  of  X  -  rayg  ^ 
coloured  patches  and  noilules  often  diminish  and  sometimes  disappear.  I 
have  seen  this  also  take  place  under  radium.  In  the  case  of  the  patient 
whose  arm  is  figured  (Fig.  115),  marked  improvement  followed  a  couw 
of  high-frequency  electricity  applied  to  the  arm,  sensation  and  coo- 
sidcrable  power  returning  in  the  hand  and  digits. 

Surgical. — Surgery  can  do  much  for  lepers ;  and  operations,  when 
indicated,  may  be  performed  upon  them  without  hesitation.  Tbfir 
tissues  indeed  heal  with  rapidity,  in  consequence,  it  is  believed,  of  tl« 
excess  of  fibrin  -  factors  which,  as  shewn  by  Daniclsscn  and  Bowk, 
Hillairet  and  Rike,  is  contained  in  their  blood.  The  mean  percentJip 
of  fibrin  obtained  from  leprous  blood  at  Trinidad  in  fifty  obsenratifl* 
was  found  to  be  0*76. 

Amputation  of  a  useless  and  encumbering  member  is  somctiiD* 
advisable,  especially  in  cases  of  gangrene.  Nerve-stretching  has  ft* 
([uently  been  of  sernce  in  combating  the  intense  pain  which  may  resnk 
from  the  neuritis  ;  indeed,  the  healing  of  perforating  ulcers  may  be  thus 
j)romote(l,  and  improved  sensation  may  follow  the  operation.  Of  I"" 
stretchings  at  the  Trinidad  Asylum  more  or  less  relief  was  experieDW 
in  forty-seven.  Cols.  Macleod,  Lawrie,  Downes,  and  others  in  India  ba^ 
employed  nerve-stretching  with  much  benefit ;  and  CoL  Macleod  *1* 
recommended  "  nerve-splitting."    The  best  treatment  for  perforating al<!** 


of  lUe  sole  was  found  at  Triiddad  to  consist  in  passing  a  bistoury  right 
through  to  the  doraiun  of  the  foot,  and  thence  cutting  or  si)litling  alt 
the  tiasiica  forward  to  a  point  between  the  toes;  the  wound  is  then 
allowed  to  granulate. 

Dead  bone  should  always  be  removed  when  practicable,  and  thus 
gau^-ene  may  often  be  acrested.  Sinuses  should  be  slit  open,  and  nlcers 
freely  ind!>ed  down  to  the  bone.  Iodoform,  carbolic  acid,  or  other  anti- 
septic substances  and  dressings  shoidd  be  used. 

Cutaneous  nodules  may  be  freely  excised,  especially  when  they  cause 
obstruction,  as  on  the  eyelids,  prepuce,  etc. ;  and  accoi'ding  to  sotne 
observers  they  do  not  return.  Free  incisions  are  often  of  service  in 
relieving  the  hide-bound  condition  associated  with  leprous  infiltration  of 
the  skin,  and  in  obstructing  the  nutrition  of  the  new  growth. 

When  the  new  growth  is  invading  the  cornea,  iridectomy,  performed 
before  the  iris  is  infiltrated  or  adherent,  may  preserve  some  vision  for  a 
lime  ;  Boeckmaiin  and  Kaurin  have  found  keratotomy  sometimes  of  use 
in  saving  a  cornefi  from  a  growth  encroaching  from  the  sclerotic. 
Traohel')rrhaphy  is  also  occneionally  indicated  for  the  paralytic  ectropion. 

Tracheotomy  frequently  prolongs  life  in  leprosy  :  and  there  are  lepers 
going  about  in  the  various  ssylums  in  Norway  who  have  worn  the 
lulie  for  mHny  years.  When  the  larynx  becomes  invaded,  and  dyspncea 
ia  threiiLened,  the  operdtlon  should  be  performed. 

The  Prophylaxis  of  Leprosy.— If  we  grant  (1)  that  leprosy  is  due 
to  the  presence  of  a  specific  bacillus,  (2)  that  the  habitat  of  this  organism 
IH  the  human  body,  and  (3)  that  the  parasite  may  pass  from  one  host  to 
another,  it  follows  that  the  most  radical  piophjlaetic  measiu-e  against 
leprosy  is  the  total  avoidance  of  all  contact  with  lepers,  with  anything 
that  may  come  from  their  bodies,  or  with  anything  that  they  may  touch. 
We  have  seen,  however,  that  practically  the  contagiousness  of  lejirosy,  if 
it  exist,  is  compitratively  slight,  that  its  inoculation  is  extremely  difficult 
to  bring  about,  an<l  that  it  is  a  somewhat  rare  event  for  persons  in  associa- 
tion with  lepers  ever  to  contract  the  disease.  Nevertheless,  even  though 
the  risk  be  small,  it  should  be  borne  in  mind ;  and  people  who  have  to 
live  in  leprous  countries,  and  who  may  sooner  or  later,  knowingly  or  iin- 
knowingly,  come  under  the  influence  of  the  contagium,  such  as  it  is,  are 
well  advised  in  avoiding  close  contiguity  with  lepers,  in  preventing  the 
latter  from  handling  food,  utensils,  clothing,  and  the  like,  which  the 
healthy  have  to  use,  and  generally  In  adopting  all  common-«ense  sanitjiry 
precautions.  Medical  men  and  attendants  pirticularly  should  bo  careful ; 
and,  if  there  be  abrasions  or  cuts  on  their  hands,  they  should  abstain 
from  touching  the  lepers  until  their  wounds  be  healed;  at  other  times 
after  tending  their  patients  they  should  wash  their  hands  with  antiseptics. 

Indeed,  similar  prophylactic  measures  may  be  taken  as  against 
tubercaloais  and  syphilis,  although  both  of  these  diseases,  it  is  needless 
to  say,  are  far  more  readily  communicable  than  leprosy. 

Tk*  (/rteslion  of  Cmnjnlaory  Sitipv.gitlhm. — A  great  many  sanitary  authoH- 
tiee  recommend  the  absolute  isolation  and  segregation  of  all  lepers ;  but 
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although,  theoretically,  such  a  measure  might  be  expected  in  time  tn 
eradicate  the  disease  from  an  infected  country,  a  number  of  valid  ai^ 
ments  may  be  adduced  to  shew  that  it  is  hardly  practicable  or  ct« 
advisable  in  many  places.  It  has  been  alleged  over  and  over  again  tkt 
it  was  in  consequence  of  the  stringent  laws  of  the  Middle  Ages  that 
leprosy  was  st^imped  out  in  many  districts,  and  also  that  the  isoLitioo  of 
lepers  in  Norway  is  causing  the  diminution  of  the  disease  in  that  countrr. 
That  these  attempts  at  isolation  and  segregation  may  have  had  soiM' 
thing  to  do  with  such  results  need  not  be  denied  ;  it  is  practiciDj 
admitted  above  that  every  leper  may  be  regarded  as  a  breeder  lod 
carrier  of  the  bacilli,  and  thereby  as  a  possible  focus  for  the  disscminatioo 
of  the  disease  ;  but  real  isolation  has  never  been  complete,  and  is  never 
likely  to  be.  Even  in  the  olden  times  it  is  well  known  that  wealthy  and 
powerful  persons  afflicted  with  leprosy  managed  to  escape  the  pains  ani 
penalties  and  to  avoid  incarceration,  and  there  must  have  been  many  rf 
all  classes  secreted  by  their  friends ;  as  we  have  seen,  too,  lepers  were 
always  allowed  to  wander  about  and  beg.  The  diagnosis  in  those  day^ 
moreover,  was  by  no  means  certain,  and  there  can  l>e  no  doubt  tbt 
lepers  in  the  early  stages  of  their  disease  were  more  frequently  overlooked 
even  than  now. 

In  Norway  there  never  has  been  any  attempt  at  complete  segregadoa 
It  is  true  that  in  185G  there  were  ne^irly  3000  lepers  altogether  in  thil 
country,  and  that  at  the  present  time  there  are  certainly  less  than  500; 
but  the  number  of  the  inmates  in  all  the  asylums  put  together  never «l 
any  time  exceeded  800,  and  that  number  has  been  gradually  diminishiif 
in  the  last  thirty-five  yeiirs  (vide  footnote  on  p.  651).  Until  a  few  yeiff 
ago,  indeed,  entrance  into  the  asylums  was  not  enforced,  even  in  the  ci* 
of  indigent  lepers;  but  in  1885  a  law  was  passed  to  comi)e]  those  w 
enter  who  could  not  be  "  isolated "  at  home ;  that  is,  who  could  not 
arrange  in  their  own  homes  for  a  separate  bed,  separate  clothes,  sepantf 
utensils,  and  so  forth.  Indeed,  the  isolation  and  segregation  of  \f^ 
in  Norway  is,  even  now,  oidy  })artial ;  and  in  1888  I  found  that  t^ 
])atients  were  frequently  allowed  to  leave  the  hospitals  and  walk  i0^ 
the  neighbouring  roads.  The  individually  so-called  "isolated"  piOflrti 
throughout  the  country  must  of  course  have  even  greater  freedom. 

It  must  be  admitted,  however,  that  it  is  only  since  these  mciflu* 
incomplete  though  they  be,  have  been  adopted  that  leprosy  in  Nornj 
has  actually  declined  ;  although  this  decline  may  have  been  also  fawar*» 
by  the  improved  sanitation,  better  food,  and  increased  prosperity  of  tfc< 
people.  Hansen  believes  that  in  1920  "there  will  be  no  moreleproJf 
in  Norway." 

Ehlers  has  shewn  that  the  recent  more  stringent  segregation  of  to* 
lepers  of  Iceland,  and  the  education  of  the  people  in  reference  to  'JJ 
communicability,  have  been  accompanied  by  a  marked  diminution « 
leprosy  in  that  island — in  five  years  from  200  to  133 — and  thatviu* 
the  same  period  there  has  been  no  material  change  in  the  habits  or  fo* 
of  the  inhabitiints. 
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In  the  Sandwich  Islands,  on  the  other  hand,  most  determined  en- 
Bavours  have  been  made  since  1865  to  segregate  the  lepers  completely  ; 
Lit  the  efforts  have  certainly  not  met  with  the  success  anticipated,  either 
I  the  discovery  of  all  the  lepers  or  in  the  marked  diminution  of  the 
isease  throughout  the  country.  Numbers  of  affected  persons,  to  evade 
tparation  from  their  families,  have  been  secreted ;  and  in  spite  of  the 
ringent  laws  leprosy  went  on  steadily  increasing  in  the  islands  until 
S90  at  any  rate,  since  which  date  a  slight  decrease  has  been  noted. 
he  ultimate  success  of  the  Hawaiian  segregation  remains  yet  to  be 
€n. 

In  reference  to  this  question  the  following  conclusions  were  adopted 
.  the  "International  Leprosy  Conference"  in  Berlin  in  1897  : — 

1.  In  countries  where  leprosy  forms  foci  or  has  a  great  extension, 
olation  is  the  best  means  of  preventing  the  spread  of  the  disease. 

2.  The  system  of  obligatory  notification,  of  observation  and  isolation 
\  carried  out  in  Norway,  is  recommended  to  all  nations  with  local  self- 
>vernment  and  a  sufficient  number  of  physicians. 

3.  It  should  be  left  to  the  legal  authorities,  after  consultation  with 
le  medical  authorities,  to  take  such  measures  as  are  ap])licab]e  to  the 
>eci«i]  social  conditions  of  the  districts. 

In  most  countries,  indeed,  where  leprosy  exists  on  a  large  scale,  it 
lay  l)e  taken  for  granted  that  a  harsh  measure  of  complete  compulsory 
agregation  is  impracticable  ;  but  legislation,  somewhat  on  the  Norwegian 
nes,  might  very  well  be  adopted  in  all  places  where  the  disease  is 
udemic.  In  such  countries  lepers  should  be  prevented  from  freely 
nixing  with  other  people ;  from  carrying  on  any  occupation  which  may 
wing  them  into  conUict  with  the  healthy,  or  any  trade  coimected  with 
bod,  clothing,  and  the  like.  Unless  they  ca^  be  maintained  in  their 
Mm  homes  with  proper  sanitary  precautions,  they  should  be  treated  in 
ipedal  hospitals,  and  mendicant  lepei-s  should  be  secluded  in  suitable 
iDstitutions.  In  India  and  similar  places  the  establishment  of  leper 
(vms  or  colonies  might  be  encouraged  after  the  plans  which  are  said  to 
work  80  well  in  Cyprus  and  at  Sialcote ;  and  although  matrimony  and 
•cxual  intercourse  should  obviously  be  discouraged,  there  is  no  need  to* 
■dd  further  to  the  miseries  of  their  existence  by  separating  husband  and 
^e,  or  even,  in  some  cases,  by  prohibiting  the  marriage  of  lepers ;  for, 
••  ^e  have  seen,  the  prospect  of  their  procreating  children  is  comparatively 
•BWlL  Any  children  born  in  such  settlements  should  be  brought  up  in 
■•pwate  orphanages. 

Phineas  S.  Abraham. 
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YAWS 

By  Lieut.-Col.  R.  H.  Firth,  R.A.M.C. 

NONYMS. — The  name  Framboesia  was  originally  given  to  this  disease 
by  Sauvages  in  1759,  from  the  French  word  framboise,  a  rasp- 
berry, because  of  the  resemblance  of  the  characteristic  growths  on 
the  skin  to  that  fruit.  In  the  West  Indies  the  colloquial  name  for 
it  is  f/(m?s,  possibly  from  the  native  word  meaning  a  strawberry.^ 
Similarly,  in  the  French  Antilles  it  is  called  plan ;  in  the  Brazils, 
Mm;  on  the  West  African  coast,  gattUj  dM,  and  iangara;  in  the 
Moluccas,  bauton  d'amboine ;  in  Fiji,  coko ;  in  New  Caledonia  and  the 
Samoan  Islands,  tanga  or  i(MO ;  in  Ceylon,  parangi ;  and  in  South 
Africa  among  the  Basutos,  itwkaola. 

art  Description. — A  chronic,  specific,  and  contagious  disease,  char- 
erised  by  an  eruption  of  raspberry-like  tubercles,  usually  accompanied 
more  or  less  constitutional  disturbance,  and  tending  slowly  to  spon- 
leous  cure. 

Distribution. — Yaws  is  essentially  a  disease  of  tropical  climates, 
ng  found  chiefly  in  Dominica  and  Jamaica  in  the  West  Indies ;  on  the 
98t  Coast  of  Africa  for  about  10°  on  each  side  of  the  Equator;  in 
idagascar  and  Mozambique  ;  in  Oceania,  chiefly  in  Fiji,  New  Caledonia, 
1  Samoa;  in  tropical  South  America;  in  China,  Ceylon,  Java,  and 
matra;  and  less  commonly  in  Assam  and  some  parts  of  India  and 
uth  Africa. 

History. — Although  AH  Abbas,  an  Arabian  physician  writing  in  977, 
tntions  a  disease  under  the  name  of  '^safat,"  which  may  possibly  have 
en  yaws,  our  first  reliable  accounts  of  the  affection  are  by  Oviedo,  who 
5t  with  it  in  St.  Domingo,  and  writes  of  it  under  the  name  "  bubas." 
ibeequently,  in  the  seventeenth  century,  we  find  various  medical 
counts  of  it  from  the  Brazils  and  the  West  Indies,  by  Piso,  Bontius, 
d  Labat ;  a  hundred  years  later,  Sauvages  recalled  attention  to  it  in 
B  classical  work  Nosologia  mefhodica.  It  is,  however,  chiefly  to  Gavin 
iflpoy,  Murray,  Bowerbank,  Macgregor,  Charlouis,  Kynsey,  and  other 
)8ervers  of  the  last  thirty  years,  that  we  owe  most  of  our  present  know- 
dge  of  it.  As  in  the  case  of  most  other  diseases,  we  have  no  very 
•ecise  knowledge  how  this  peculiar  affection  originated  ;  but  sufficient  is 
aovn  to  justify  our  belief  that,  so  far  as  its  prevalence  in  the  West 
idies  is  concerned,  the  original  habitat  of  yaws  was  the  West  Coast  of 
frica,  whence  it  spread  by  the  exportation  of  negro  slaves  to  the 
panish  Indies.  On  the  other  hand,  there  is  evidence  to  shew  that, 
>twithstanding  an  extensive  negro  immigration,  many  regions  of  the 

^  Nicholls  has  suggested  that  the  Celtic  word  ias,  pronounced  pas.  and  meaning  heat, 
iling,  or  bubbling  up,  is  the  true  source  of  the  English  derivation  of  the  name  yaws. 
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tropics  have  been  free  from  yaws ;  and  that  it  has  raged  in  the  p«i,  or 
exists  now  in  other  parts  of  the  world,  such  as  Polynesia,  whither  no 
importation  of  negroes  has  taken  place. 

During  the  period  of  slavery  the  disease  appears  to  ha%^  prevailed 
with  some  virulence  in  the  West  Indies,  where  special  means  had  to  be 
adopted  for  the  isolation  and  treatment  of  those  affected.  In  some 
islands,  notably  in  Dominica,  after  the  abolition  of  slavery  the  diseiie 
largely  increased,  owing  apparently  to  the  lessened  supervision  which  the 
authorities  were  a1)le  to  exercise  over  the  housing  and  general  condition 
of  the  negroes.  In  Jamaica,  on  the  other  hand,  Bower  bank  relates  tint  a 
diminution  took  place  after  the  emancipation ;  this  he  attributed  to  the 
cessation  of  the  practice  of  inoculation  which  previously  had  been  prevaleot 
among  negroes.  In  recent  years  several  recrudescences  of  the  diseue 
have  taken  place,  while  Antigua  and  Barbadoes  are  now  practically  fnc 
from  the  affection.  It  is  still  met  with  on  the  West  African  coast,  vA 
was  observed  in  Assam  in  1896. 

Etiologry. — Yaws  is,  as  I  have  said,  essentially  a  disease  of  tbe 
tropics  ;  though  possibly  the  "  monila,"  or  button-scurvy  of  Ireland  (noir 
extinct,  but  described  by  Wallace,  Corrigan,  and  other  writers,  from  182J 
to  1851,  as  a  contagious  disease  prevalent  in  the  south  and  interior  of 
that  island),  was  closely  allied  to  if  not  identical  with  it.  Neither  aex 
nor  age  is  exempt  from  yaws,  but  it  is  most  common  in  children  from  one 
to  fifteen  years  of  age.  Kace  has  a  disposing  influence,  as  negroes  are 
peculiarly  liable  to  it ;  mulattoes,  Creoles,  and  pure  whites  are  less  tm- 
ccptible.  There  is  much  reason  to  think  that  the  comparative  immanitr 
of  the  latter  is  because  they  ai*e  less  often  exposed  to  conUgioiL 
There  is  little  or  no  evidence  to  shew  that  either  any  particaltf 
form  of  diet  or  heredity  has  any  special  effect  on  the  causation  of  tke 
disease.  What  part  heredity  plays  in  the  extension  of  framboem  i> 
difficult  to  appraise,  but  it  is  beyond  dispute  that  children  are  never 
born  suffering  from  yaws.  It  is  common  enough  in  young  children,  bm 
only  when  there  have  been  o])portunities  for  contact.  For  some  stadstiei 
on  this  point  Dr.  Rat's  work  should  be  consulted. 

The  negroes  of  the  West  Indies  universally  believe  that  one  attadc 
protects  against  another,  and  no  doubt,  as  a  rule,  frambcesia  is  not  coi- 
tractcd  twice ;  but  cases  are  not  rare  in  which  a  second  infection  bs 
followed  a  first  attack.  This,  however,  is  not  opposed  to  our  experieoee 
in  other  specific  diseases,  such  as  scarlet  fever  and  small-pox.  Macgr^ior 
siiys  that,  in  Fiji,  the  notion  prevails  that  unless  a  child  suffer  from  <^ 
he  will  not  grow  up  to  be  a  healthy  adult ;  to  attain  this  end,  chihina 
are  either  inoculated  with  the  disease  or  sent  to  live  in  the  same  hot 
with  persons  already  suffering  from  it. 

Considerable  importance  has  been  attached  in  the  past  to  insanittff 
conditions  of  life  among  negroes  and  other  native  populations ;  but  the* 
have  only  an  indirect  influence,  certainly  aggravating  the  type  of  tk« 
disease,  and  favouring  its  dissemination,  but  not  producing  it. 

That  framba}sia  is  contagious  is  undoubted.     £veiy  one  who  has  ^ 
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may  experience  of  the  disease  in  its  endemic  centres  knows  that  the 
Affection  spreads  by  contact,  and  that  it  is  rare  to  meet  with  a  case  where 
m  pre-existent  case  could  not  be  traced  in  the  immediate  surix>undings  of 
the  patient.  It  is  inoculable  thi*ough  an  abrasion  or  sore,  but  not  through 
the  unbroken  cuticle.  Ulcers  on  the  foot  or  leg  are  common  points  of 
entrance  for  the  virus  in  negroes.  It  attacks  only  those  living  in  contact 
with  the  diseased.  The  uncleanlv  are  more  liable  to  attack  than  the 
cleanly  ;  but  healthy  and  cleanly  alike  take  the  disease  if  they  be  brought 
into  direct  contact  with  the  infected.  Thus,  it  may  be  transmitted  by 
dexual  intercourse,  or  from  a  child  to  its  suckling  mother,  and  conversely. 
The  common  house-fly  is  believed  frequently  to  be  the  vehicle  of  contagion  : 
jimilarly,  transmission  of  the  disease  may  follow  wearing  the  clothes  or 
Bleeping  on  the  mat  of  an  affected  person,  or  even  the  suctorial  acts  of 
ticks  and  otlier  parasitic  insects.  The  disease  does  not  seem  to  be  often 
contracted  otherwise  than  by  positive  contact  of  the  healthy  with  the 
diseased ;  and  aerial  infection  is  practically  non-existent.  This  latter 
fact  is  shewn  by  the  experiences  of  those  attending  the  sick  in  the 
yaws  hospitals,  where,  so  long  as  the  nurses  are  cleanly  and  are  careful 
not  to  abrade  the  skin,  they  do  not  contract  the  affection.  Keelan's 
experiences  in  Dominica  suggest  that  vaccination  mitigates  or  prevents 
framboesia.  He  found  that  of  the  greater  number  of  cases  of  the  disease 
which  came  under  his  notice,  very  few  were  vaccinated,  and  that  the 
lew  who  had  been  vaccinated  were  attacked  mildly.  This  apparently 
favourable  connexion  between  framboesia  and  vaccination  has  not  been 
corroborated  by  other  physicians. 

Of  interest  in  relation  to  the  etiology  of  the  disease  is  the  obser\'ation 
that  fowls  suffer  from  tubercles  on  the  head  and  parts  not  well  protected 
hy  feathers,  which  closely  resemble  those  seen  in  man  afflicted  with  fram- 
hoBsia.  Hitherto,  in  spite  of  several  attempts  to  transmit  the  human  disease 
to  fowls  and  animals,  no  tnistworthy  evidence  has  been  brought  forward  to 
ehew  that  this  affection  of  fowls  is  either  inoculable,  or  that  it  is  identical 
with  yaws  in  man.  The  general  view,  among  competent  observers,  is 
that  the  affection  in  fowls  is  really  molluscum  contagiosum,  and  quite 
jdistinct  from  frambcesia.  In  this  connexion,  it  is  interesting  that  a 
iQMrochsetal  affection  is  known  to  exist  in  fowls,  and  that  Marchoux  has 
■hewn  that  it  is  transmitted  from  one  bird  to  another  by  means  of  a 
tick,  Argas  miniatus  (vide  p.  194).  We  know  that  spirochaetse  are  present 
in  certain  cases  of  yaws,  and,  in  view  of  the  remarkable  developments 
in  recent  years  of  the  part  played  by  insects  in  the  dissemination  of 
protozoan  diseases,  it  seems  advisable  to  keep  an  open  mind  as  to  the 
possible  relation  between  the  human  affection  and  that  of  fowls. 

Pathology. — Framboesia    tubercles    present    no    veiy    characteristic 

llistologica]    features.     When    examined    they  api)ear    to   be    composed 

essentially  of  granulation-tissue,  which  represents  a  dermatitis  confined 

Idainly  to  the  papillary  layer,  extending  more  or  less  into  the  corium  and 

invading  the  skin-glands  and  hair- follicles.     The  epidermis  is  usually 

detached,  and  the  rete  infiltrated  with  leucocytes.     The  exciting  cause 
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of  these  inflammatory  changes  is  undoubtedly  a  specific  infective  \m, 
Pierez  describes  a  micrococcus,  obtained  from  tubercles  of  frambutti 
which  he  is  disposed  to  regard  as  the  exciting  organism ;  but  he  bi 
not  shewn  that  a  disease,  identical  with  frambcesia,  results  in  an  anioil 
inoculated  with  a  pure  culture  of  this  micrococcus.  Apparently  tie 
same  micrococcus  has  been  constantly  found  by  NichoUs  in  the  secft- 
tions  from  the  granulomas  characteristic  of  yaws,  and  also  in  al>umiaM 
in  the  tissues  of  persons  suiTering  from  the  disease,  no  other  patbogenett 
microbe  being  found  in  association  with  it.  In  no  instance  was  tin 
micro-organism  discovered  in  the  blood,  although  it  has  been  successfnHr 
cultivated  in  serum.  Pure  cultures  of  this  micrococcus  of  yaws  shet 
that  its  microscopical  characters  are  constant,  and  that  its  macroscofwai 
reactions  differ  from  those  of  all  other  micrococci.  The  lower  aninuif 
are  probably  immune,  inoculations  giving  negative  results,  as  does  lib- 
wise  inoculation  with  secretions  from  the  granuloma.  In  the  absence  cf 
the  conclusive  proofs  of  the  pathogenesis  of  this  microl>e— namely,  lb 
production  of  the  disease  in  healthy  animals,  and  the  af ter-discovenr  o( 
the  micro-organism  in  the  fluids  or  tissues — it  cannot  be  supposed  ibl 
the  microl)e  is  the  contagium  of  the  disease  ;  on  the  contrary,  it  may  b 
regarded  as  one  of  the  many  saprophytes  common  in  the  secretiooi  i 
ulcerated  surfaces.  Dr.  Castellan  i's  observation  as  to  the  presence  of 
spirochaitoe  {ride  p.  4G)  requires  confirmation,  and  further  information  ii 
necessiiry  as  to  the  constancy  vnth  which  these  protozoa  are  present  in 
framboesial  tissues.  What  little  is  known  at  present  points  stron^jtc 
the  view  that  they  have  a  direct  bearing  upon  the  causation  of  viw« 
lesions. 

Symptoms. — There  are  practically  four  stages  in  this  disease :  First, 
one  of  incubation,  lasting  from  two  to  seven  weeks  without  any  vefT 
special  symjitoma  ;  second,  a  period  marked  by  a  febrile  condition  which 
lasts  from  two  to  eight  days,  terminating  usually  with  the  appearance 
of  an  eruption  ;  third,  a  perio<l  marked  by  successive  crops  of  ths 
eruption,  which  may  last  from  a  few  months  to  two  years  ;  and,  fourth, 
a  lengthened  period  of  sequels,  often  extending  over  five  or  seven  yean. 

The  inr\jhation-perio(1  is  difticult  to  determine,  and  has  been  variooslj 
stated  by  difl^erent  observei-s.  Paulet,  who  inoculated  healthy  negrod 
with  yaws  fluid,  puts  it  down  from  ten  to  twenty  days  ;  but  extenaw 
clinical  experience  indicates  that  it  varies  from  a  fortnight  to  two  months 

PnnrKmitanj  SUkjc. — During  this  period  there  may  be  no  disturbanrt 
of  health  ;  ]>ut  not  infrequently  there  are  vague  pains  in  the  limbs,  pJ- 
pitation,  indigestion,  and  even  fever.  These  constitutional  disturhanc* 
;ire  usually  more  marked  in  children  than  in  adults.  In  negroes  the 
skin  commonly  loses  its  lustre,  becoming  scaly  and  often  lighter  in  colour. 
These  symptoms  often  remit  before  the  appearance  of  the  eruption,  which 
occurs  in  from  seven  to  ten  days,  and  is  preceded  by  enlargement  ani 
tenderness  of  the  lymphatic  glands.  At  this  time,  if  a  case  be  closely 
examined,  the  seat  of  inoculation  may  perhaps  be  discovered  as  a  minirt^ 
papule  exuding  a  pale  yellow  fluid,  or  even  as  a  very  slight  growth  ot 


anulation- tissue.  But  more  commonly,  in  spite  of  careful  search,  no 
non  indicative  of  the  point  of  entrance  of  the  poison  is  to  be  found, 
by  chance  the  virus  of  yaws  happen  to  have  gained  access  to  the  body 
rough  an  existing  ulcer,  this  will  be  noticed  to  have  retrograded  and 
icome  unhealthy-looking. 

Eruptive  Stage, — The  eruption  makes  its  appearance  as  a  small  papule, 
lually,  but  not  necessarily,  on  the  scar  of  an  old  wound  or  sore,  giving 
due  to  the  seat  of  inoculation.  More  often  it  consists  of  slightly  elevated 
ipules  about  the  size  of  a  pin^s  head,  single  or  scattered  over  the  body, 
id  having  a  broad  base ;  if  situated  on  the  lips  it  looks  like  a  com- 
encing  herpes.  In  a  few  days  the  papules  enlarge,  forming  tubercles 
aying  from  a  quarter  of  an  inch  to  two  inches  in  diameter.  As  the 
kpale  increases  the  epidermis  splits  or  cracks,  exposing  a  raw  papillary 
irface  from  which  oozes  a  yellowish  white  sero-purulent  fluid.  Unless 
ritated  these  tubercles  do  not  resemble  the  raspberry.  The  yaws  are 
nally  circular  in  form,  and  all  sizes  may  be  met  with  on  the  same 
^ent,  varying  from  a  pin's  head  to  that  of  a  golf-ball  or  even  larger, 
A  in  every  stage  of  progress.  Generally  they  are  discrete  ;  but  some- 
nes  they  occur  in  groups,  or  arranged  in  a  circle  enclosing  healthy 
in.     This  variety  is  sometimes  spoken  of  as  "  ringworm  yaws." 

Imray  has  described  two  unusual  forms  of  the  eruption.  In  one  the 
bercles  are  replaced  by  circular  scurfy  areas  of  different  sizes.  These 
e  known,  among  the  negroes,  as  dartres,  and  are  very  persistent  and 
bellious  to  treatment.  The  other  variety  appears  as  small,  slightly 
tttiinent  vesicles  distributed  over  the  body,  called  jnan  giatelle ;  they 
squently  follow  an  ordinary  eruption  of  yaws,  and  are  also  very  difficult 
cure. 

AVhen  the  disease  attacks  the  soles  of  the  feet  or  the  palms  of  the 
•ndg  it  is  called  tvhhm  or  "  crab  yaws."  The  epidermis  being  usually 
ly  thick  in  these  situations  the  yaws  are  unable  to  expand,  and  thus 
J^e  rise  to  much  pain.  When  they  do  break  through,  the  resulting 
owth  is  often  small,  but  secretes  an  abundant  serous  fluid.  Sometimes 
tte  cases  present  a  honeycombed  appearance  from  the  excess  of  exuda- 
^n  and  the  thickening  of  the  cuticle  around  the  openings. 

In  some  rare  instances  one  of  the  framboesia  tubercles  may  assume 
7  large  proportions — one  or  two  inches  in  diameter — projecting  from 
6  skin  like  the  other  yaws,  and  covered  with  yellow  scabs.  Such  a 
bercle  receives  the  name,  among  the  English,  of  "  mother  yaw  " ;  and 

the  French  patois  of  some  West  Indian  islands  is  called  a  "  maman 
Ml."  While  all  the  smaller  yaws  may  entirely  disappear  this  large  one 
*y  remain,  and,  if  neglected,  ulcerate,  eating  its  way  into  the  tissues, 
'tting  extensive  and  often  irreparable  destniction  of  the  soft  parts,  and 
itting  up  extreme  constitutional  irritation  and  emaciation. 

The  simplest  and  most  ordinary  tubercles  of  frambwsia  do  not  usually 
wcrate ;  but,  attaining  a  certain  size,  form  a  yellow  scab,  shrink,  and 
■^y,  on  the  crust  falling  off,  leave  purplish  blue  spots.  In  some 
**wice8  the  scabs  form  to  such  an  extent  as  to  produce  cnists  closely 
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resembling  rupia ;  if  the  scab  be  removed  the  surface  left  is  comaoiiT 
bright  red  in  colour,  and  not  at  all  unlike  a  raspberry  ;  but  in  old  uk 
asthenic  cases  the  secreting  surface  is  a  dull  yellowish  white.  MTien  tke 
yaws  are  in  moist  situations,  as  round  the  mouth,  nostrils,  or  anus,  on  tk 
perineum,  or  in  the  folds  of  the  thighs  and  nates,  crusts  do  not  form :  tk 
lesion  then  closely  resembles  a  syphilitic  mucous  tubercle.  Unless  on  sow 
very  exposed  part,  or  when  ulcerated,  the  tumours  are  not  very  seosim: 
they  often  itch  and  emit  a  curious  musty  and  offensive  smell.  The  nw 
tubercles  are  relatively  rare  on  the  scalp  and  trunk,  but  are  most  freqoeol 
on  the  face  at  the  corners  of  the  mouth  and  nostrils,  on  the  neck,  sim, 
axillie,  legs,  thighs,  buttocks,  and  vulva. 

The  constitutional  disturbance  during  this  eruptive  stage  \&  varoUe: 
frequently  the  patient  has  a  good  appetite,  is  able  to  move  about,  aoi 
except  for  the  presence  of  the  yaws,  is  apparently  in  good  health:  ii 
other  cases  there  are  distinct  fever,  muscular  pains,  occasionally  cnnp^ 
loss  of  appetite,  debility,  and  ansemia.  The  eruption  may  last  bm 
ii  couple  of  months  to  a  couple  of  years,  successive  crops  of  luheftk 
coming  out  at  intervals ;  but  the  duration  largely  depends  upon  trait' 
ment,  food,  and  hygienic  conditions.  Occasionally  one  or  two  Uiberck 
may  appear  some  length  of  time  after  every  symptom  of  the  disease  hn 
disappeared.  How  far  these  are  recrudescences  of  the  original  (Km*. 
or  the  effect  of  a  reinfection,  is  at  present  uncertain  ;  probably  the  litter 
is  the  case. 

The  most  characteristic  features  of  yaws  are  that,   unless  pre«d 
firmly,  they  are  not  tender ;    and  they  do  not  degenerate  and  ulcefi* 
except  under  irritation,  bad  treatment,  and   enfeebled   general  hwltk 
Their  general  tendency  is  to  cure,  gradually  shrivelling  up  and  UN 
off,  and  leaving  a  pigmented  spot  which  eventually  disappears    Tkc 
lymphatic  enlargement,  which  in  some  cases  may  be  extreme,  innriiblf 
subsides  as  involution  begins.     With  the  disappearance  of  the  erupW" 
the  general  health  recovers ;  and  in  ordinary  cases  no  after-effects  art 
experienced.     All  cases,  however,  do  not  terminate  in  this  favounW' 
manner ;    this    is    particularly  true    if   the   patient    be   unable  to  ^ 
good  food,  be  scrofulous  and  debilitated,  or  be  placed  in  unfavounbfe 
conditions.     In  these  cases,  instead  of  the  tubercles  gradually  diappw'' 
ing,  they  ulcerate  freely,  involve  deep  parts,  and,  if  death  do  not  in  ^ 
meantime    occur   from    exhaustion,  pyaemia,   or   septicaemia,    they  h* 
slowly,  leaving  irregular  and  extensive  cicatrices.     It  is  not  uncoon* 
in  the  West  Indies  to  see  men  and  women  helpless  cripples,  as  thews'^ 
of  contractions  and  stiffened  joints  following  the  healing  of  these  ukeft 
In  the  more  severe  cases  gangrene  of  the  toes  and  feet  has  been  knowi 
to  follow  ;  while  in  rarer  instances  ulceration  of  the  nasal  bones  has  betf 
seen.     These  severe  cases  were  much  more  prevalent  in  the  past  ihi» 
now,  and  were  probably  due  to  imperfect  methods  of  treatment— njort 
especially  to  the  abuse  of  mercury.     Except  in  these  extreme  circua- 
stances,  the  internal  organs  are  unaffected  ;  few  cases  are  fatal  if  propcnj 
treiited. 
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Dia^osis. — The  presence  of  initial  papules,  which  enlarge  to  tubercles 

nrer  irhich  the  epidermis  splits,  leaving  bare  a  raspberry-like  tumour 

rhich  remains  stationary  for  months,  with  a  yellowish  discharge,  not 

Munf  ul,  and  tending  to  spontaneous  cure  without  scarring  unless  ulcerated 

!roin  irritation  or  defective  health,  should  afford  sufficiently  characteristic 

iBatiires  to  distinguish  frambcesia  or  yaws  from  other  diseases.      The 

principal  affection  with  which  it  may  be  confounded  is  syphilis.     From 

■fanost  the  earliest  times  in  which  we  have  any  written  account  of  yaws 

ttitil  the  present  day,  the  disease  has  been  confounded  with  syphilis. 

lloet  of  the  older  authorities  describe  it  as  the  venereal  disease ;  and  a 

few  medical  men  of  the  present  time  still  1>elieve  in  its  syphilitic  nature  : 

bat  the  majority  of   those   observers  who  have  hiid  opportunities  of 

iitterving  both  diseases  are  of   opinion   that   frambcjesia  is  a  peculiar 

fiaease.      The  identity  of  syphilis  and  yaws   has  been  supported  by 

Mr.   Hutchinson,    in    his    preface  to   Dr.    Numa   Rat's    essay   on    the 

^ihease,  in  which  it  must  be  admitted  the  accounts  given  of  so-called 

Jaws    are    indistinguishable    from    syphilis,    and   largely    support    Mr. 

Sutchinson's  opinion  that  if  ^'yaws  be  not  syphilis,  it  is  clear  that  it 

offers  a  very  exact  parallel  to  it."     If  yaws  really  presents  the  train  of 

^iyinptoms  described  in  some  of  the  cases  quoted  by  Dr.  Numa  Rat,  and 

Vpon  which  Mr.  Hutchinson's  opinions  have  been  based,  the  disease  is 

undoubtedly  syphilis. 

The  present  position  of  the  controversy  upon  the  specific  nature  of 

feambcesia  is  mainly  one  of  diagnosis.     There  can  be  little  doubt  that  in 

Ittany  cases  described  as  yaws  the  diagnosis  has  not  been  too  critical. 

-All  observers  recognise,  if  they  do  not  actually  subscribe  to  the  view, 

^liat  the  relationship  of  yaws  to  syphilis  is  a  most  intimate  one.     In  my 

Experience   the  similarity  of  the  later  manifestations  of  both  diseases 

">•  remarkable.     Moreover,  the  favourable  effect  of  anti-syphilitic  treat- 

*ient  in  advanced  cases  of  yaws  points  strongly  to  the  syphilitic  origin 

|rf  the  affection.     There  is  further  evidence  in  support  of  this  view  that 

in  many  places,  notably  Fiji,  the  incidence  of  yaws  is  coincident  with  an 

ttHmunity  to  syphilis ;  while  the  recent  observations  made  by  Dr.  Castel- 

w)i  upon  cases  of  parangi  in  Ceylon,  wherein  he  has  demonstrated  the 

•Xistence  of  spirochsetse  in  the  yaws  tissues  and  juices,  point  strongly 

^  a  common  origin  for  the  two  diseases.    Certainly,  the  spirochatae  found 

*n  these  cases  of  yaws  appear  to  be  identical  with   the  S.  pallida  of 

Schaudinn,  and  now  recognised  generally  to  be  a  constant  concomitant  of 

Wmary  and  secondary  syphilitic  lesions  {vide  p.  46). 

On  the  other  hand,  there  are  undoubted  differences  between  syphilis 
•tid  yaws  which  are  difficult  to  explain :  these  are  the  mo<le  of  infection, 
ttie  character  of  the  secondary  or  later  eruptions,  the  rare  occurrence  of 
^rtiary  frambcesial  affections  of  the  nervous  system,  the  affection  of  the 
l^rmanent  teeth,  etc.  ;  but  in  most  cases,  on  careful  consideration,  these 
^Ufferences  are  very  often  explicable.     If  syphilis  and  yaws  are  not  pre- 
cisely identical  at  the  present  time,  yet  there  is  much  evidence  to  suggest 
^liat  at  one  time  they  must  hav^  been  most  intimately  related,  and  that 
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such  intimacy  was  so  great  that  the  two  diseases  have  develoi>ed  from  a 
parent  form  common  to  both.  The  last  word  has  yet  to  be  said  on  tlu& 
controversy,  and  it  seems  advisable  to  withhold  the  formation  of  any  leiT 
definite  opinion  until  we  are  in  possession  of  more  exact  scientific  data  a» 
to  the  etiology  of  yaws. 

Treatment. — Recognising   that   framboesia   is   a    highly   contagioni 
disease,  the  first  duty  is  to  secure  adequate  isolation  of  the  sick  pereoo. 
In  Dominica,  Grenada,  and  St.  Lucia  this  first  principle  of  prophylaxis  is 
so  well  realised  that  infected  persons  are  compelled   to  go  into  a  yiv 
hospital  under  penalty  of  imprisonment.     Compulsory  segregation  of  tk 
infected  sick  by  themselves  is,  however,  insufficient ;  no  system  of  deafis^ 
with  the  disease  can  be  considered  efficient  that  does  not  further  provide 
for  {a)  the  isolation,  as  far  as  possible,  of  infected  houses  ;  (h)  the  thorougk 
disinfection  afterwards  of  these  houses,  and  the  destruction  or  di»1nf«^ 
tion  of  the  clothes  and  bedding  used  by  the  sick ;  (c)  the  demoh'tioD  d 
the  wretched  hovels,  so  common  in  endemic  centres   of  this  affeetki^ 
which,  by  reason  of  the  clinging  of  contagion  to  them,  are  so  constant  a 
danger  to  the  public  health  ;  (d)  a  rigid  enforcement  of  ordinary  saiutwy 
precautions ;  {e)  the  compulsory  notification  of  all  cases  of  yaws  to  tk 
local  sanitary  authority. 

The  first  essential  in  the  actual  treatment  of  the  attack  is  tk 
cleansing  of  the  })atient  by  means  of  warm  baths  and  soap.  Specal 
care  must  be  taken  to  avoid  chills,  as  exposure  to  cold  oft^  aiwf 
a  disappearance  of  the  eruption,  accompanied  by  much  constitatioal 
disturbance.  The  food  must  be  nourishing,  consisting  of  fresh  mei^ 
fish,  rice,  yams,  and  diluent  drinks,  combined  with  medicinal  toniei 
Locally,  disinfectant  lotions  of  boric  or  carbolic  acids,  or  of  coiToa« 
sublimate,  are  of  the  first  imporUmce.  The  acid  reaction  of  the  secretifla 
from  yaws  tubercles  has  suggested  the  use  of  alkali  as  a  local  dresis^ 
Both  Modder  and  Kat  state  that  excellent  results  follow  the  use  d 
lotions  containing  either  bicarbonate  of  soda  or  carbonate  of  ammonia 
of  the  strength  of  ten  grains  to  the  ounce.  Sulphate  of  copper » 
efficiicious  as  a  topical  ai)plication ;  so  likewise  are  iodoform  and  veik 
nitrate  of  mercury  ointment.  The  use  of  mercury  in  this  disease  needs 
the  \itmost  care  and  supervision,  as  its  abuse  has  been  largely  responsibfc 
in  the  past  for  the  severity  and  fatality  of  many  cases :  it  cannot  k 
regarded  as  a  specific  remedy  for  the  disease,  as  it  is  for  syphilis,  tal, 
given  in  minute  doses  for  a  short  time,  mercury  seems  to  act  is » 
beneficial  alterative.  Of  other  internal  remedies  iodide  of  potasana 
with  arsenic  is  very  valuable,  while  in  some  cases  iron  and  «ilpk 
carbolate  of  calcium  are  of  the  greatest  benefit.  Arsenic  is  ^^J 
successful  in  the  cases  in  which  the  eruption  is  badly  developed  or  Malji 
as  in  the  pian  dartre  variety.  Wlien  the  feet  and  hands  are  affected, 
prolonged  soaking  in  hot  water  is  often  required  in  order  to  soften  im 
remove  the  thick  epidermis ;  the  exposed  yaws  growth  can  then  k 
successfully  treated  on  the  lines  indicated  above. 

During  convalescence  iron  and  arseflic  should  both  be  administered 


;  while  in  iill  stuges  of  the  aflecliou  perfeet  cleanliness 
it  hygienic  cotulitions  are  nee()e<l,  both  for  the  sake  of  the 
of  those  broiigbl  into  contact  with  them. 
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By  Lieut-Col.  R.  H.  Fikth,  R.A.M.C. 

Short  Description. — A  chronic  infectious  febrile  disease,  prevalent « 
certain  narrow  steepsided  and  confined  valleys  on  the  western  slopeifli 
the  Andes,  characterised  by  an  irregular  prolonged  and  often  mter* 
mittent  febrile  condition,  with  anaemia,  followed  sooner  or  later  by  tbe 
appearance  of  red  tubercles  of  variable  size  on  the  cutaneous  snrke  ci 
the  body. 

History. — On  the  west  coast  of  South  America  the  disease  is  knowi 
under  the  names  of  Peruvian  Wart,  Verruga  Peruana,  Verruca  Andicolii 
and  Fiebre  de  la  Oroya.  It  appears  to  be  peculiar  to  Peru,  being  • 
demic  in  certain  Cis- Andean  localities,  more  especially  in  Huarochiri  lol 
Yauyas  y  Canta,  at  an  elevation  of  from  3000  to  8000  feet  aboTC  tk 
sea-level. 

The  disease  seems  to  have  attracted  attention  from  the  earliest  limei, 
having  been  known  in  the  days  of  the  Incas.  It  was  referred  t* 
as  early  as  1543  by  Augustin  Zamte  in  his  History  of  Peru,  inwiii 
he  mentions  a  tract  of  country  which  "is  very  hot  and  unhealthy, df 
inhabitants  suffering  particularly  from  very  malignant  pimples  (verrapi) 
or  furuncles  with  deep  roots,  more  dangerous  than  small-pox  and  alnwi 
as  much  so  as  the  carbuncles  of  plague."  The  affection  is  also  mentjond 
by  Cosme  Bueno  in  his  Desciipt'wms  Geogrqficas,  and  by  Tschudi  in  fc» 
work  on  Peru,  dated  1843.  The  first  scientific  description  of  the  diiei* 
was  given  by  Salazar  in  a  graduation  thesis  delivered  at  Lima  in  IM 
entitled  Ilistoriii  de  la  Verrugas,  in  which  he  clearly  demonstrated  it  !• 
be  an  endemic  disease  due  to  a  poisonous  virus.  Since  then  numero* 
accounts  of  cases  have  appeared,  by  Dounon,  Foumier,  Bonne,  vA 
Tupper,  chiefly  based  upon  the  outbreak  of  the  disease  in  1870  and  fol- 
lowing years  among  those  employed  in  constructing  the  railway  fro« 
Lima  to  Chicla,  on  the  road  to  Oroya.  A  disease  apparently  idential 
with  verrugas  was  reported  in  1883  by  Dr.  de  Havilland  Hall  u  btf( 
prevalent  at  Zaruma  in  Ecuador. 

Pathologry. — Sections  of  the  tumours  shew  that  they  consist  primirilf 
of  a  delicate  fibrous  stromii,  the  meshes  of  which  are  filled  with  vm 
cells,  the  whole  being  enclosed  in  a  sort  of  fibrous  capsule.  The  small 
growths  appear  to  spring  from  the  papillary  layer  of  the  skin ;  the  larg(f 
ones  arise  from  the  subcuUuieous  tissues.  All  the  tumours  are  eirtrenelf 
vascular,  the  larger  ones  presenting  in  their  centre  cavernous  spaces  fiW 
with  blood.  In  some  severe  cases  these  vascular  and  warty  growth*  iij 
found  after  death  not  only  on  the  skin  but  upon  the  mucous  lining  • 
the  stomach  and  bladder,  or  even  on  the  upper  surface  of  the  liver.  B"^ 
this  latter  organ  and  the  spleen  are  generally  also  much  enlarged:  brt 
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roiul  tbese  lesions  on  the  viscera  and  skin,  there  are  no  evidences  of 
tat  pathological  changes. 

Isquierdo  has  described  a  bacterium  which  he  found  in  the  morbid 
wths  in  some  profusion.  From  his  account  this  micro-organism 
>ears  to  be  from  7  /x  to  10  /x  long,  beaded,  and  somewhat  larger  than 

bacillus  of  tubercle.  The  capillaries  are  often  distended  or  varicose, 
ng  filled  with  microbes  which  are  also  occasionally  met  with  in  the 
sels  of  the  adjacent  and  apparently  healthy  skin.  Isquierdo's  accounts 
these  organisms  are  not  very  precise  ;  nor  does  he  appear  to  have  made 
isfactory  culture  experiments  to  indicate  their  specific  relation  to  this 
ease. 

Etiology. — Imperfectly  as  the  pathology  of  this  affection  is  worked 
b,  it  is  not  surprising  to  find  its  etiology  still  shrouded  in  some 
Kjurity.  From  a  somewhat  extensive  knowledge  of  the  countries  on  the 
stern  coast  of  South  America,  I  am  disposed  to  believe  that  the 
ttribution  of  this  affection  is  by  no  means  confined  to  either  Peru  or 
nador,  but  that  it  is  endemic  also  in  Boliviii  and  the  northern  parts  of 
ile. 

Age,  sex,  and  race  have  no  infiuence  upon  verruga.  That  the 
ease  is  inoculable  was  demonstrated  by  the  fatal  experiment  of 
niel  Carrion,  a  young  student  in  Lima,  who,  in  order  to  elucidate  the 
ease,  inoculated  himself  with  the  blood  of  one  of  the  warty  gi'owths  ; 

death  may  possibly  however,  have  been  due  to  septic  infection. 
B  disease  cannot  be  regarded  as  contagious,  as  patients  suffering 
n  verruga,  even  when  treated  in  general  wards,  do  not  communicate 

affection  to  others.  A  popular  opinion  prevails  in  Peru  that  one 
ick  can  confer  immunity  against  subsequent  attacks.  It  is  extremely 
ibtful  whether  the  facts  justify  this  belief ;  certainly,  so  far  as  my 
lerience  goes  they  do  not.  I  met  with  several  cases,  both  at  Surco 
i  Matucana  in  Peru,  in  persons  who  assured  me  that  they  had  had 

disease  some  years  before,  and  had  in  the  meanwhile  remained  quite 

)  from  all  symptoms. 

The  disease  is  undoubtedly  endemic  in  certain  well-defined  areas,  and 

native  belief  is  that  the  affection  is  contracted  by  drinking  water 
n  particuhir  springs  and  streams.  Prolonged  residence  in  the  endemic 
ricts  is  certainly  not  necessary  to  contract  the  disease ;  but,  on  the 
er  hand,  notwithstanding  Dounon's  stiitements  to  the  contrary,  a  mere 
lage  through  the  country,  without  either  eating  or  drinking  on  the 
mey,  or  being  thrown  in  intimate  contact  with  the  inhabitants,  is  not 
icient  to  produce  it.  It  is  difficult  to  eliminate  the  water-supply  as  a 
lible  etiological  f;ictor  in  a  country  where  sanitary  arrangements  are, 
the  best,  very  unsiitisfactory  ;  but  a  close  inquiry  into  the  circum- 
lees  and  occupations  of  a  large  number  of  verruga  patients  convinced 
that  the  disease  occurs  only  in  those  brought  into  intimate  contact 
!i  the  soil,  notably  those  engaged  in  work  which  necessitates  the 
dling  of  mud  or  earth — such  «as  mining,  tunnelling,  and  agric\dtural 
iloyments,  particularly  upon  rice  fields  and  tea  or  coffee  plantations. 
VOL.  II. — PT.  II  2  z 
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This  point  has  hitherto  been  overlooked  by  previous  obsenei^  id 
remembering  that  large  numbers  of  the  inhabitants  of  the^sC  venug 
districts  are  the  subjects  not  only  of  filariasis,  but  of  helminthias 
generally,  it  is  not  improbable  that  the  true  solution  of  the  patiiokg 
and  etiology  of  this  atfection  will  be  found  in  the  association  of  th 
disease  with  some  form  of  parasitic  worm,  whose  free  stage  is  ftaaw 
either  in  water  or  mud,  most  likely  in  mud.  I  would  strongly  urp 
that  future  investigations  into  the  etiology  of  verruga  shouhl  be  direettt 
on  these  lines — more  especially  to  the  determination  of  the  presence  <n 
absence  of  some  form  of  haematozoon  either  in  the  warty  growths  or  d 
the  tissues  generally  of  the  affected  person. 

That  verruga  has  anything  in  common  with  malaria  does  iiot  merit 
serious  discussion ;  it  is  true  the  fever  of  verruga  may  occadomUj 
bo  very  like  malarial  fever  in  fonn,  but  this  is  simply  because  ibe 
majority  of  those  suffering  from  verruga  are  also  the  subjects  of  chrooie 
malaria;  and  the  fever  thus  eompliaited  may  assume  an  iutennitU'otor 
even  a  remittent  type.  Malaria  is  exceedingly  common  in  the  AndeiB 
valleys,  but  it  is  in  a  few  of  these  valleys  only  that  verruga  is  found. 

Symptoms. — There  are  practically  three  stages  in  this  disease.  Fin^ 
one  of  incubation,  histing  from  fourteen  to  forty  days,  without  anr 
deHnite  symptoms;  second,  a  period  of  invasion  and  fever,  followed bri 
third  stage  of  eruption  and  convalescence. 

Tlie  onset  of  the  disease  is  marked  by  malaise,  languor,  beadad^ 
fever,  and  considerable  gastric  disturbance.     The  fever  is  usually  img* 
lar,  and  in  many  cases  indistinguishable  from  a  malarial   intennitt£B( 
having  daily  cold,  hot,  and  sweating  stages.     In  some  aises  the  fercr  ii 
remittent.      A    characteristic   and    early    symptom    is    the   presence  i 
dysphagia  with  cramp-like  pains  in  the  muscles.     These  muscular  pii» 
are  often  excruciating  at  night,  being  associated  not  infrequently  *iJk 
inflammatory  swellings  of  the  joints.     The  periosteal  and  myalgicpiiiii 
arc  agonising  at  times  and  comparable  with  nothing  experienced  in  otl* 
diseases.      Accompanying   these  symptoms  there   is  often  a  progre«^* 
aruemia,   with   oedema    of   the  extremities,  marked   debility,  and  so* 
tenderness  or  enlargement  of  the  spleen  and  liver. 

After  these  symptoms  have  lasted  from  one  to  nine  months  or  a  y*f 
they  gradually  remit  or  vanish  with  the  appearance  of  a  characterisii 
eruption,  which  consists  either  of  raised  spots  about  the  size  of  a  p* 
which  develop  into  cylindrical,  conical,  or  hemispherical  tumours,  ^'annj 
in  size  fnjm  a  raspl)erry  to  that  of  a  pigeon's  egg ;  or  of  minute,  hi» 
mr>vable,  subcutaneous  tumours,  which  may  either  disappear  or  incrr* 
in  size  into  dusky  red,  shining,  and  itchy  tumoui*s. 

The  first  variety  of  lesions  are  very  vascular,  itch,  and,  if  scratcW 
bleed  freely  ;  ultimately  they  crust  over  and  heaL  If  uninjured  t* 
warty  growths  remain  stationary  for  some  time,  darken,  and  slowly  snbA 
leaving  after  (les(juamation  a  discoloured  area,  which  eventually  disapp*^ 
but  no  scar  whatever. 

In  the  case  of  the  subcuUineous  tumours  the  skin  over  them  oft* 
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res  way,  and  the  morbid  growths  appear  as  fungating,  fleshy  swellings 
a  grey  or  black  colour  exuding  an  oftensive  siinguineous  discharge. 
le  size  of  these  warty  growths  may  vary  from  that  of  a  jjea  to  that  of 
orange,  ]>eing  in  shape  sometimes  pedunculated  like  a  mushroom,  or 
lain  sessile  and  hemispherical.  Not  infrequently  abscesses  may  form 
fore  the  subcutatieous  tumours  break  through  the  skin ;  or,  after 
pture  of  the  skin,  ulceration  may  ensue,  in  this  case  they  may  l)ecome 
icriisted  and  rupial  in  character.  The  essential  feature  of  all  these 
iiptions  is  their  vascularity ;  the  warts  either  bleed  spontaneously  or 
I  the  slightest  provocation,  dnuning  the  already  anaemic  and  debilitated 
itient. 

The  eruption  is  usually  most  abundant  on  the  face  and  extensor 
urfaces  of  the  extremities,  especially  on  the  knees,  ell^ows,  and  malleoli. 
he  trunk  is  less  usually  attacked.  The  number  of  excrescences  varies 
om  one  to  several  hundred  of  all  sizes  and  shapes.  These  tumours  may 
jbo  form  on  the  conjunctivae,  in  the  nostrils,  on  the  tongue,  the  mucous 
lembrane  of  the  pharynx,  glottis,  alimentary  canal,  and  internal  viscera. 
1  these  situations  they  may  give  rise  to  symptoms  not  only  anomalous, 
at  grave  ;  such  as  hiemorrhages,  suffocation,  dysphagia,  and  ascites. 

The  disease  generally  hists  two  or  three  months,  or  even  longer ;  but 
ot  infrequently  it  is  fatal  earlier  from  haemorrhages.  In  cases  which 
iirvive  there  is  usually  profound  amemia,  dropsy,  or  affections  of  the 
ervous  system.  The  mortality  among  the  indigenous  j^opulations  of 
ndemic  areas  is  about  10  per  cent — in  whites  rather  higher;  and  in 
[udemics  may  amount  to  as  much  as  40  per  cent.  Gold  has  an  unfavour- 
ble  effect  upon  the  eruption,  causing  it  to  be  imperfectly  developed,  with 
D  aggravation  of  the  constitutional  symptoms ;  while  a  diminished 
aromeiric  pressure  favours  haemorrhage.  Consequently  verruga  cases 
«  better  in  warm  places  and  at  sea-level  than  in  cold  and  elevated 
itoations.  This  largely  explains  the  greater  fatality  experienced  in 
ome  outbreaks  as  compared  with  others,  the  mortality  being  apparently 
slated  and  in  proportion  to  the  lowering  of  the  atmospheric  temperature 
nd  pressure.  Apart  from  haemorrhages,  considerable  danger  exists 
mong  the  very  poor  and  indigent  from  septic  absorption  in  connexion 
^th  their  unheiilthy  and  often  very  extensive  sores. 

Treatment. — The  first  essential  in  the  successful  treatment  of  this 
flection  is  to  remove  the  patient  from  the  endemic  area,  and  to  transfer 
im,  if  possible,  to  a  warm  region  at  or  near  the  sea-level.  Tliere  is  no 
^*lown  specific  for  the  disease.  All  that  can  be  done  is  to  maintiiin  the 
^ngth  of  the  patient  on  general  principles  by  a  suitable  and  generous 
^«t,  combined  with  attention  to  the  cleiinliness  and  asepsis  of  the  skin. 
Ploughing  warts  should  be  removed  and  ulcers  treated  by  ordinary 
^•thods.  As  lia;morrhages  are  the  most  dangerous  complication  in  this 
asease,  styptics  and  compresses  should  always  be  kept  available  for 
bidden  emergencies.  Many  of  the  fatal  cases  among  the  coolies  and 
tbers  suffering  from  verruga  in  out-of-the-way  valleys  arise  from  imperfect 
lethods   and    facilities    for   guarding   against    profuse    loss    of    blood. 
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This  point  has  hitht*rto  been  overlooked  by  previous  observers,  and 
reinembering  that  large  numbers  of  the  inhabitants  of  these  vemiga 
districts  are  the  subjects  not  only  of  filariasis,  but  of  helminlhiaai 
generally,  it  is  not  improbable  that  the  true  solution  of  the  |iatiiologr 
and  etiology  of  this  affection  will  be  found  in  the  association  uf  ik 
disease  with  some  form  of  panvsitic  worm,  whose  free  stage  is  [lasaflil 
either  in  water  or  mud,  most  likely  in  mud.  I  would  strungly  ur]p 
that  future  investigations  into  the  etiology  of  verruga  should  be  directed 
on  tliese  lines — more  especially  to  the  determination  of  the  presence  or 
absence  of  some  form  of  haematozoon  either  in  the  warty  growths  or  k 
the  tissues  generally  of  the  affected  person. 

That  verruga  has  anything  in  common  with  malaria  does  not  merit 
serious  discussion ;  it  is  true  the  fever  of  verruga'  mjiy  occasioaillj 
be  very  like  malarial  fever  in  fonn,  but  this  is  simply  because  the 
majority  of  those  suffering  from  verruga  are  also  the  subjects  of  chruok 
malaria  ;  and  the  fever  thus  complicated  may  assume  an  intermittent  or 
even  a  remittent  type.  Malaria  is  exceedingly  common  in  the  Andett 
valleys,  but  it  is  in  a  few  of  these  valleys  only  that  verruga  is  found. 

Symptoms. — There  are  practically  three  stages  in  this  diseasa  Fin^ 
one  of  incubation,  lasting  from  fourteen  to  forty  days,  without  any 
definite  symptoms  ;  second,  a  period  of  invasion  and  fever,  followed  hrs 
third  stage  of  eruption  and  convalescence. 

Tlie  onset  of  the  disease  is  marked  by  malaise,  languor,  headachi^ 
fever,  and  considerable  gastric  disturbance.  The  fever  is  usually  intgfr 
lar,  and  in  many  cases  indistinguishable  from  a  malarial  intermittcoti 
having  daily  cold,  hot,  and  sweating  stages.  In  some  cases  the  fever  ■ 
remittent.  A  characteristic  and  early  symptom  is  the  presence  of 
dysphagia  with  cramp-like  pains  in  the  muscles.  These  muscular  pu» 
are  often  excruciating  at  night,  being  associated  not  infre<]uentl7  vitb 
inflammatory  swellings  of  the  joints.  The  periosteal  and  niyalgic  pii« 
are  agonising  at  times  and  comparable  with  nothing  exj»erienced  in  othff 
diseases.  Accompanying  these  symptoms  there  is  often  a  progreaH^' 
ariiemia,  with  oedema  of  the  extremities,  marked  debility,  and  mw 
tenderness  or  enlargement  of  the  spleen  and  liver. 

After  these  symptoms  have  lasted  from  one  to  nine  months  or  s  jwf 
they  gradually  remit  or  vanish  with  the  appe^iranco  of  a  charactcrirtis 
eru[)tion,  which  consists  either  of  raised  spots  about  the  size  of  a  p* 
which  develop  into  cylindrical,  conical,  or  hemispherical  tumours,  x^xf^ 
in  size  from  a  raspberry  to  that  of  a  pigeon's  egg ;  or  of  minute,  h»ri 
m<»va))le,  subcutaneous  timionrs,  which  may  either  disappear  or  inert**' 
in  size  into  dusky  red,  shining,  and  itchy  tumours. 

The  first  variety  of  lesions  are  very  vascular,  itch,  and,  if  scratchwi 
bleed  freely  ;  ultimately  they  crust  over  and  heal.  If  uninjured  ^ 
warty  growths  r<»main  st'itionary  for  some  time,  darken,  and  slowly  subo*- 
leaving  after  desquamation  a  discoloured  area,  which  eventually  disapp*^ 
but  no  scar  whatever. 

In  the  case  of  the  subcutaneous  tumours  the  skin  over  them  ofW 
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^ves  way,  and  the  morbid  growths  appear  as  fungating,  fleshy  swellings 
of  a  grey  or  black  colour  exuding  an  oifensive  sanguineous  discharge. 
The  size  of  these  warty  growths  may  vary  from  that  of  a  pea  to  that  of 
an  orange,  being  in  shape  sometimes  pedunculated  like  a  mushroom,  or 
again  sessile  and  hemispherical.  Not  infrequently  abscesses  may  form 
before  the  subcutaneous  tumours  break  through  the  skin ;  or,  after 
rupture  of  the  skin,  ulceration  may  ensue,  in  this  case  they  may  become 
encrusted  and  rupial  in  character.  The  essential  feature  of  all  these 
eruptions  is  their  vascularity ;  the  warts  either  bleed  spontaneously  or 
on  the  slightest  provocation,  draining  the  already  anaemic  and  debilitated 
patient. 

The  eruption  is  usually  most  abundant  on  the  face  and  extensor 
surfaces  of  the  extremities,  especially  on  the  knees,  elbows,  and  malleoli. 
The  trunk  is  less  usually  attacked.  The  number  of  excrescences  varies 
from  one  to  several  hundred  of  all  sizes  and  shapes.  These  tumours  may 
also  form  on  the  conjunctivae,  in  the  nostrils,  on  the  tongue,  the  mucous 
membrane  of  the  pharynx,  glottis,  alimentary  canal,  and  internal  viscera. 
In  these  situations  they  may  give  rise  to  symptoms  not  only  anomalous, 
bat  grave  ;  such  as  haemorrhages,  suiTocation,  dysphagia,  and  ascites. 

The  disease  generally  lasts  two  or  three  months,  or  even  longer ;  but 
not  infrequently  it  is  fatal  earlier  from  hsemori'hages.  In  cases  which 
•urvive  there  is  usually  profound  ansemia,  dropsy,  or  alFections  of  the 
nervous  system.  The  mortality  among  the  indigenous  populations  of 
endemic  areas  is  about  10  per  cent — in  whites  rather  higher;  and  in 
tpidemics  may  amount  to  as  much  as  40  per  cent.  Cold  has  an  unfavour- 
ij)le  effect  upon  the  eruption,  causing  it  to  be  imperfectly  developed,  with 
an  aggravation  of  the  constitutional  symptoms ;  while  a  diminished 
Wometric  pressure  favours  haemorrhage.  Consequently  verruga  cases 
do  better  in  warm  places  and  at  sea-level  than  in  cold  and  elevated 
lituations.  This  largely  explains  the  greater  fatality  experienctKl  in 
aome  outbreaks  as  compared  with  others,  the  mortality  being  apparently 
related  and  in  proportion  to  the  lowering  of  the  atmospheric  temperature 
and  pressure.  Apart  from  haemorrhages,  considerable  danger  exists 
among  the  very  poor  and  indigent  from  septic  absorption  in  connexion 
with  their  unhealthy  and  often  very  extensive  sores. 

Treatment — The  first  essential  in  the  successful  trciitment  of  this 
lifiection  is  to  remove  the  patient  from  the  endemic  area,  and  to  transfer 
lum,  if  possible,  to  a  warm  region  at  or  near  the  sea-level.  There  is  no 
known  specific  for  the  disease.  All  that  can  be  done  is  to  maintain  the 
•tiength  of  the  patient  on  general  principles  by  a  suitable  and  generous 
^et,  combined  with  attention  to  the  cleanliness  and  asepsis  of  the  skin. 
Sloughing  warts  should  be  removed  and  ulcers  treated  by  ordinary 
•t^thods.  As  haemorrhages  are  the  most  dangerous  complication  in  this 
disease,  styptics  and  compresses  should  always  be  kept  available  for 
•Udden  emergencies.  Many  of  the  fatal  cases  among  the  coolies  and 
Others  suffering  from  verruga  in  out-of-the-way  valleys  arise  from  imperfect 
Methods   and    facilities   for   guarding   against    profuse    loss    of    blood. 
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Transfusion  or  saline  injections  are  by  no  means  uncaUed  for.  During 
the  eruptive  and  convalescent  stsiges  both  iron  and  arsenic,  vith 
other  tonics,  are  naturally  of  the  greatest  value ;  but  at  best  the  trett- 
ment  of  this  disease  is  empirical  and  unsatisfactory,  and  so  must  reman 
until  its  etiology  and  pathology  are  better  understood. 

R.   H.  Firth. 
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ULCERATING  GRANULOMA  OF  THE  PUDENDA 

By  C.  W.  Daniels,  M.B. 

A  CH  RON  KJ  granulomatous  growth  afTecting  the  subcutaneous  tissues  w 
the  jKidenda  and  neighbouring  parts.  It  occurs  in  nuuiy  froj*** 
coiuitries,  but  differs  in  appearance  in  different  races. 

It  wa.s  probaV>ly  tirst  described  in  India  by  Colonels  Macleod,  Mai^i*"^ 
and  other  writers,  ius  "  serpiginous  ulcei*ation  of  the  genitals,"  and  uiKkr 
the  name  of  "groin  ulceration"  has  been  the  subject  of  discustt«»'" 
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British  Guiana  for  many  years.  In  the  Negroid  races  the  manifestations 
mre  the  most  pronounced,  and  the  following  description  applies  to  the 
disease,  as  it  occurs  in  these  races,  in  British  Guiana  and  West  Africa. 
The  differences  in  the  appearances  of  the  disease  as  dcscri]>ed  in  India 
and  the  Pacific  Islands  will  be  referred  to  on  p.  711. 

Geographical  Distribution. — The  disease  is  much  commoner  in  some 
tropiciil  countries  than  in  others :  thus,  in  many  of  the  West  India 
Islands  it  does  not  occur  at  all,  and  it  is  either  extremely  rare  or  absent 
in  the  Malay  Peninsula,  in  Central  Africa,  and  in  some  other  tropical 
countries.  Outside  the  Tropics  imported  cases  only  have  been  met 
with. 

Etiology. — Six. — It  occurs  in    both   sexes,   the  distribution   of  the 
disease  varying  in  accordance  with  the  position  of  the  external  genitalia. 
Age, — It  has  not  been  observed  before  puberty  in  either  sex.     It 
Qsaally  commences  in  early  adult  life,  rarely  in  old  age. 

Histology. — The  growth   is  composed   of  round    cells   arranged    in 
masses    in    the    upper   layers   and    papillae   of   the    cutis,  and    extends 
laterally  beyond  the  visible  seat  of  the   lesion.     The  cells  are  mainly 
round,  with  a  single  nucleus  surrounded  by  a  broad  margin  of  protoplasm 
eontaining  basophil  granules.     In  the  deeper  parts  there  are  elongated 
cells  with  spindle-shaped  nuclei  which  resemble  connective- tissue. cor- 
puscles, while  towards   the  surface  especially,  where  the  epithelium  is 
fissured,  polyniorphonuclear  leucocytes  are  numerous.      Degenerate  cells 
are  rare,  and  there  is  no  evidence  of  caseation  or  of  breaking  down  of  any 
part  of  the  growth,  which  is  vascular.     Changes  occur  in  the  epithelium 
covering  the  growth,  and  in  the  connective  tissue  in  its  neighl)ourhood. 
The  epithelium  is  thickened  and  the  interpapillary  processes  are  much 
elongated.     The  regular  columnar  arrangement  of  the  deeper  layers  of 
the  epidermis  is  lost,  while  there  is  either  no  pigment,  or  it  is  in-egiilarly 
deposited  in  the  subcutaneous  tissue  and  in  the  epithelium  towards  the 
edge  of  the  growth.     None  of  the   strata  in    the  epidermis  are  well 
defined  and  no  proper  corneous  layer  is  formed,  the  cells  in  the  various 
layers  differing  little  from  one  another. 

The  connective-tissue  changes  consist  of  swelling  and  degeneration  of 

both  the  white  and  yellow  fibres,  which  ultimately  become  replaced  by 

the  new  growth.     Beneath  the  growth,  especially  in  the  oMer  parts,  new^ 

fibrous  tissue  is  formed,  which  differs  from  normal  connective  tissue  in 

^at  it  is  composed  of  straighter  and  much  more  closely  interlaced  bands. 

SiUall  masses  of  the  growth  are  sometimes  included  in  the  meshos  of  this 

cicatricial  tissue.     The  abundant  formation  of  this  dense  fibrous  tissue 

institutes    such  an  essential   feature   of   the    cutaneous    form    of    this 

K^Unuloma  that  "sclerosing"  would  be  a  better  term  than  "ulcerating"; 

•H^cially  as  any  ulceration  that  does   occur  appears   to   be  accidental, 

^uilst  the   formation  of  dense  fibrous   tissue   and  <lee])  scarring  is  in- 

^^riable. 

Pathogeny. — No  organisms  wt;re  found  exce})t  in  the  superficial 
^yers  of  the  growth,  by  the  earlier  observers.     Dr.  Wise  has  recently 
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reported  the  discovery  in  the  depths  of  the  growth  of  Spirochaft^t.  Tto 
forms  were  found  resembling  S.  pallida  and  aS'.  refrin^tns.  Injection-  of 
emulsions  of  the  growth  do  not  set  up  tuberculosis  in  guinea-pigss  while 
the  absence  of  Ciiseation  and  of  any  association  with  other  tul^ercukm? 
lesions  militate  against  the  view  that  it  is  a  tuberculous  skin  lesion. 

The  position  on  or  near  the  genitalia  in  both  sexes  suggests  a  venerea! 
oiigin,  but  it  is  not  associated  with  any  manifestations  of  syphilis,  intr  -if 
other  dise^ises  regardcMl  as  venereal :  moreover,  it  does  not  apjH^ar  to  1« 
highly  contiigious,  as  it  may  occur  in  husband  or  wife  alone. 

The  down-growth  of  the  in  tor  papillary  processes  and  the  occjisiorul 
formation  f)f  oell-nests  may  give  a  superficial  resemblance  to  si)uunio<i$- 
celled  carcinoma  ;  l>ut  a  careful  microscopic  examination,  a  con.sidemtii'n 
of  the  cliin'cal  history,  and  the  absence  of  any  secondary  growth.s  and  <*i 
\\\\  evidence  of  malignancy  render  this  interpretation  quite  untenable. 

Clinical  Course. — Tht*  disease  commences  as  an  elevat^ni  jxipule,  whi<h 
in  the  male  usually  appears  on  or  near  the  penis,  and  in  the  female  i-n 
the  labia  minora.  This  papule  causes  little  or  no  irritation,  but  steadily 
increases  in  size  at  a  rate  varying  gi*eatly  in  difterent  cases.  It  sprea*L* 
su[)erH('i.illy,  involving  skin  or  mucous  surfaces,  or  }x)th,  ancl  its  :i«lv;ini? 
is  acrompanitMl  by  the  formation  of  new  granuloma.-s  at  the  etlge,  so  th..t 
the  .whole  mass  appears  as  a  coarsely  gramilar,  raised  growth  with  a«i 
irregular  outline,  and  as  a  rule  without  any  ulceration.  Jn  a  hairy  pirt 
the  granulomas  are  unusually  coarse,  and  the  hairs  drop  out.  The  older 
and  more  central  pails  are  smoother,  depressed,  and  often  convert**^! 
into  dense,  white  fibrous  scar-tissue.  Beneath  the  growth  a  hard  fibnm* 
mass  can  be  ftjlt,  and  the  surrounding  healthy  skin  is  stretched  and  ^mi^ 
times  piickered  from  the  contraction  of  this  scar-tissue.  From  the  siiirfatv 
of  the  growth  there  is  oft^n  an  al)undant  clear  discharge,  which  may  have 
an  oHensive  odour. 

In  the  great  majority  of  cases  in  the  male  the  growth  is  primarily  on 
thr  })enij^ ;  and  when  on  the  glans  is  often  so  exuberant  that  the  part  i* 
nuK-h  distorted,  and  covered  with  coarse  masses  of  thf^  growth  which 
conceal  the  meatus.  The  «rrowth  mav  extend  for  a  fraction  of  an  inth. 
but  nevei-  far,  up  the  urethra.  The  formation  of  fibrous  tissue  Ijent-atk 
the  gro\Yth  may  lead  to  stricture  of  the  meatus. 

#  Comni(»nly,  growth  takes  place  not  oidy  by  direct  extension,  but  '•/ 
the  ap[)earance  in  the  groin  or  at  the  base  of  the  ]>en]s  of  distn-:e 
nodule^,  which  are  i)robably  set  up  by  contact  with  the  i>enilc  *;ji>wtb 
or  its  discharges.  The  groin  is  the  favourite  site  of  the  growth,  whi-l' 
extends  along  the  soft  moist  folds,  or  into  the  most  hairy  parts,  and  i> 
usually  limited  to  these  areas.  From  the  fold  of  the  gi-oin  it  sproail- 
between  the  scrotum  and  thighs  on  one  or  both  sides,  and  in  older  ca>*^ 
creeps  on  to  the  perineum  and  backwai'ds  around  the  anus,  into  whi«l) 
it  sometimes  extends. 

In  the  female  the  earliest  growth  is  probably  on  the  labia  nji!Jora.hiU 
it  readily  extends  up  tlie  vagina  for  a  considerable  distance,  ihonL'li  '^ 
never  invades  the  eervix.      Tt  also  spreads  along  the  cutaneous  <ijrfnrf*'. 
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80  that  the  labia  majora  may  be  invaded.  The  perineum,  even  when 
the  labia  majora  are  not  attacked,  is  affected  early,  and  the  growth  then 
passes  backwards,  surrounds  the  anus,  and  extends  up  the  rectum.  Some- 
times it  also  spreads  forwards  between  the  thighs,  and  then  by  direct 
continuity  may  invade  one  or  both  of  the  groin-folds. 

The  result  of  the  disease  in  women  is  more  serious  than  in  men. 
l?^Tien  the  mucous  surfaces  of  the  vagina  and  rectum  are  both  invaded, 
although  there  is  no  manifest  sloughing,  the  growths  in  the  two  passages 
appear  to  become  continuous  in  the  deeper  fascia,  and  thus  recto- vaginal 
fistulse  result.  These  fistulie  may  be  numerous  and,  since  ])oth  surfaces 
are  composed  of  the  growth,  are  incurable.  Ulceration,  either  on  the 
cutaneous  or  mucous  surfaces,  appears  to  be  accidental.  Since  the  tissue, 
dioagh  vascular,  is  of  low  vitality,  and  the  epithelium  softened  and 
usually  sodden  from  the  discharges,  cracks,  abrasions,  and  superficial 
ulcerations  are  common  in  the  larger  growths. 

The  lymphatic  glands  are  not  enlarged,  nor  does  suppuration  take 
place.  There  must,  however,  be  some  obstruction  of  the  lymphatics,  as 
a  chronic  oedema — spurious  elephantiasis — of  the  vulva,  penis,  or  scrotum 
is  common,  without  any  evidence  of  filarial  elephantiasis. 

Variations. — In  a  country  where  the  diseiisc  is  common,  individual 

variations  are  also  common.     These  variations  depend  on  the  rapidity  of 

the  rate  of  extension,  the  varying  tendency  to  formation  of  scar -tissue, 

as  well   as  on  the  exact  pirt  involved.     Thus,  growth  and  destruction 

.     are  more  rapid  on  mucous  than  on  cutaneous  surfaces. 

:  When   other  races,  such   as  the  Indians,  are  affected   in   a  country 

I     where  most  of  the  sufferers  are  Negroes,  the  disease  presents  a  different 

I     aspect  on   the   two  nationalities,   which  may   be  due   to  differences  in 

I      the    texture    of   the    skin.      The    variations  observed  are  mainly   that 

the  growth  in  the  Indians  is  less  coarsely  granular  in  appearance  and 

has  less  tendency  to  spread  extensively  than  in  the  Negroes.     In  Fiji 

3     the  Melanesian  immigrants  suffer  from  a  disease  which,  though  it  resembles 

A     the  ordinary  form,  differs  from  it  in  that  the  growths  are  softer,  and  more 

j^     prominent,  and  spread  less  by  continuity  and  more  by  contact,  so   that 

"..    multiple  discrete  growths  are  more  common. 

Since  much  remains  to  be  done  in  the  investigation  of  the  gnmulomas 
in  the  tropics  it  is  impossible  at  present  to  state  with  any  degieo  of 
certainty  tliat  the  various  granulomas  occurring  on  the  pudenda  aie  one 
and  the  same  disease.  A  condition  limited  to  the  mucous  membrane  of 
the  last  part  of  the  rectum,  and  not  involving  the  skin,  is  fairly  common, 
and  is  oft<»n  mistaken  for  dysentery  on  the  one  hand,  and  for  syphilitic 
disease  of  the  rectum  on  the  other.  Whether  this  is  another  manifesta- 
tion of  the  granuloma  described  here  may  be  doubted. 

Prognosis. — The  disease  may  exist  for  many  years,  and  apart  from 
the  results  of  local  complications  does  not  affect  the  general  health.  No 
secondary  growths  occur,  except  those  due  to  auto-infection  by  contact. 
There  is  always  some  tendency  to  cicatrisation,  which  is  sometimes 
marked  so  that  the  cicatrices  may  be  not  only  extensive  but  complete. 
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When  the  growth  affects  the  hairy  parts,  such  as  in  the  pubic  regiong,  it 
is  not  uncommon  for  extension  to  cease  when  the  whole  of  this  region 
is  involved.  In  rare  instances  complete  spontaneous  cure  is  effected  by 
the  conversion  of  the  entire  growth  into  a  fibrous  cicatrix. 

Diagnosis. — The  disease  may  be  confused  with  any  of  the  chronic 
ulcerations  attacking  this  part  of  the  bo<ly.  When  confined  to  the 
glans  penis  the  growth  is  frequently  diagnosed  as  squamous  -  celle<i 
carcinoma,  but  in  any  case  of  doubt  the  removal  and  microscopic  examiiu- 
tion  of  a  portion  of  the  tissue  will  speedily  settle  this  point. 

The  treatment  is  unsatisfactory.  Complete  excision  including  the 
subjacent  dense  fibrous  tissue  is  the  only  certain  method  of  cure,  but  yet 
leaves  a  wound  much  larger  than  the  portion  excised.  When  the  affected 
area  is  so  extensive  that  excision  is  out  of  the  question,  scraping  with  a 
sharp  spoon,  the  application  of  the  actual  cautery  or  of  destructive  agents 
such  as  salicylic  acid,  chloride  of  zinc,  may  give  good  results. 

Antisyphilitic  remedies  in  ordinary  doses  are  useless,  but  potassium 
iodide  in  large  doses,  twenty  or  thirty  grains  three  times  a  day,  appears 
to  increase  the  natural  tendency  to  cicatrisation;  and  in  cases  in  which 
this  tendency  is  strong  the  entire  growth  may  become  converted  into  a 
scar,  and  a  cure  result. 

Antiseptic  and  other  applications  will  reduce  the  fetor  and  ]»reYent 
lUceration.  In  cases  of  stricture  of  the  meatus  dilatation  or  internal 
urethrotomy  is  useless,  as  contraction  occurs  almost  at  once.  Amjuitatioo 
of  the  glans  penis,  as  far  as  it  is  implicated  in  the  growth,  is  requisite. 

C.  W.  Damkix 
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OKIENTAL   SORE 

Bv  Lieut. -Col.  K.  H.  Firth,  R.A.M.r. 


SynonYAIs. — Orirnidl  boil  :  Furunmhts  oncntalis ;  Tropical  vhrr  ,  f^^'*' 
hod  or  .sv;/v' .  Lahore^  Moo/ fan,  Srindt-y  or  Kandahur  aores  .-  lYnjdih  '**' 
uh'er^  or  sore  ;  AurutinzeJw  .•  Liipu.^i  endeviicus  ;  Can^'ofica  :  Clou  d\-il^'J[ 
i'hii.  dp   iUifm  ;  Clou   fht   Xil ;  Bisknt  houton ;  Oritid  heuh  :   Ld*-f^^ 
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B<niian  de  Crete  ;  Puru  (Malay) ;  Kisham-al-Taniar  (Hiighdaci) ;  rushsha 
rhurdj  (Tashkeiid). 

sftnition. — A  chronic  local  contagious  disease  met  with  and  frequently 
idemic  in  certain  towns  and  districts  of  India,  Central  Asia,  the  Levant, 
Igeria,  and  Malay  Peninsula,  characterised  by  the  production  of  small 
.pules  which,  after  assuming  the  character  of  a  boil,  undergo  slow 
cenition,  healing  after  some  length  of  time  with  loss  of  substance, 
iving  a  bluish  white  depressed  scar. 

History. — Although  several  oriental  medical  wntei-s  refer  to  |)eculiar 
res  as  prevalent  in  the  piist  in  various  districts  of  the  Kast,  still  this 
oction  had  attracted  little  attention  in  Euro])e  before  the  Indian  Mutiny 
1857-58,  at  which  time  the  j)alace  and  city  of  Delhi  were  occupied  by 
iTOpean  and  native  troops.  The  military  cantonment  had  previously 
en  situated  two  miles  outside  the  city  walls,  and  the  disease  was 
ircely  known  amongst  the  troops  ;  but  occasionally  cases  were  met  with 
ere,  at  Lahore  also,  and  at  Mooltan.  After  1858  the  distemper  came  ])ro- 
inently  into  notice,  as  the  troops  in  garrison  inside  Delhi  were  attJicked 
ith  such  severity  that  from  40  to  70  per  cent  were  admitted  to  hospital 
iffering  from  characteristic  sores,  besides  many  who  were  treated  out  of 
)spital  for  similar  complaints.  The  disease  was  very  generally  described 
I  tedious  and  troublesome,  though  rarely  fatal.  When  severe,  or  situated 
1  or  near  a  joint,  the  sores  rendered  the  man  unfit  for  duty  ;  and  when 
xurring  on  the  face  were  disgusting  and  disfiguring.  In  18C5  the 
rovemment  of  India  appointed  a  Commission  to  investigate  the  disease, 
en  years  later  a  fresh  inquiry  was  conducted  by  Drs.  Lewis  and  Cun- 
ingbam  on  behalf  of  the  Indian  Government.  Since  then  a  considei-ablc 
mount  of  indei)endent  litemture  has  accumulated  concerning  the  nature 
nd  cause  not  only  of  the  soies  most  prevalent  at  Delhi,  but  also  of  those 
nalogous  sores  knouii  to  occur  in  many  localities  in  different  parts  of 
be  East.  The  more  recent  experiences  of  the  French  in  Algena  and 
^^ni8,  and  of  the  llussians  in  Central  Asia,  have  again  focused  scientific 
ttention  upon  these  sores ;  and  at  present  by  a  general  consensus  of 
pinion  they  are  all  regarded  as  of  the  same  nature  and  more  or  less 
lentical  in  origin.  For  this  reason  it  is  very  convenient  to  employ  some 
onimon  generic  designation,  such  as  that  of  oriental  sore,  suggeste*!  by 
ubury  Fox.  The  local  names  under  which  these  sores  are  known 
^dicate  the  places  of  gi-eatest  prevalence  ;  but,  speaking  generally,  they 
^  most  common  in  certain  tropical  and  subtropical  climiites,  from  2.*^  to 
5'  N.,  and  from  15"  W.  to  20"  E. 

Etiology. — No  age,  sex,  nationality,  or  occupation  modifies  liability 
^  attack  in  those  who  fall  within  the  influence  of  this  disease.  In 
*demic  localities  children  rarel}'  esciipe.  Some  author's,  jwirticularly 
'Oiie  whose  experience  has  been  in  Persia,  state  that  new  arrivals  are 
pecially  prone  to  attack ;  this  feature  has  not  been  very  i^enendly 
Copnise<l  by  Anglo-Indians.  The  period  of  incubation  is  variable,  but 
•^ally  some  weeks  elapse  between  exposure  to  the  disease  and  develoj)- 
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iiioiit  of  the  papules.  As  ii  rule  new  arrivals  do  not  get  it  until  tli^-y 
have  resided  some  time  in  the  district,  but  cases  are  on  record  -f  a 
few  diivs  being  sufficient.  In  other  instances  the  affection  has  irt 
ai)peared  until  the  individuals  had  left  the  locality.  In  some  CiW 
inoculated  by  Weber  the  incubation  was  as  short  as  three  d:iys.  Tk 
artection  appears  to  be  (piite  independent  of  the  nature  of  the  snl:  ^''U 
its  peculiarly  definite  geographical  limitations  indicate  the  infliiono?  A 
trojncal  and  subtropical  climates. 

As  bearing  upon  the  possibility  of  one  attack  of  these  sores  U'iii.ia 
protection  against  a  second,  Colvill,  <pioted  by  Carter,  states  that  at  oK 
lime  it  was  the  custom  in  Haghdad  to  inoculate  children  with  thf>e  sim 
so  as  to  ensure  the  disease  in  a  situation  where  the  resulting  star  vould 
not  be  disfiguring.  On  the  other  hand,  Murray  and  Fleming  fouml  llui 
the  sores  could  be  successfully  inoculated  \\\m\  pei'sons  shewing  sta.'s 
of  a  previous  attack.  Similar  results  are  recorded  by  Koinet  ^^ 
I)up«'*ret,  who  have  definitely  proved  that  it  is  inoculable  botli  innn'iianJ 
animals,  notwithstanding  previous  attiicks.  They  have  also  demon^tratt^ 
the  possil)ility  of  auto-inoculation.  The  occiurence  of  |»oi-s«mal  coni;iiP»< 
from  these  sores  appears  to  be  very  rare  ;  and  there  is  no  cvi«leii<t  ^ 
hereditaiy  influence.  ^loie  recently  lleydenreich  has  pn.>ved  the  wni 
municiibility  of  the  disease  by  direct  inoculation.  AocoTilinj;;  i«>  h:" 
infection  is  without  dif1i<-ulty  produced  by  rubbing  the  powderal  itu-h* 
or  the  blood  and  lymph  from  non-idcerated  jjapules  on  abraded  sui1.in* 
The  seasonal  piovalence  of  these  sores  is  chiefly  in  the  latter  pirl  yf  'k' 
sunnner  and  in  the  autumn,  that  is,  in  siibtro])ical  climates.  i?i  Au^ni^'i 
September-,  October,  and  November;  and  in  the  first  pari  i»f  the  oU 
season  in  the  lrof)ics. 

In  attemptin<r  to  detennine  more  precisely  the  causes  of  these  -»•.''* 
we  find  :  -(i.)  that  the  disease  is  limited  to  certain  places  :  lii.)  thU 
healthy  as  well  as  weakly  people  are  attacked  :  (iii.)  that  the  thVeaM'Cia 
be  conveyed  by  inoculation.  The  first  two  ])ro])ositions  jK^int  stpnidf 
away  from  cnnstitutional  causes,  and  rather  to  some  local  conditiHi:*  w 
>;oil,  in.sinitation,  or  watei'  which  favour  the  multiplicati«»n  of  them«'r''i*- 
ai'ent  outside  the  luunan  bodv  ;  while  the  third  su^i'ests  that  thi<  Jini'*- 
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whate\e]-  it  mav  be,  is  an  oriranism.  The  verv  iieneml  occurreinv  nt  ilh^ 
sores  on  those  parts  of  the  IkxIv  which  are  exposed  at  once  sugire^r-  "^ 
the  inoculaiion  or  infection  may  be  eflectc^d  by  insects  such  as  mostjuitoe^ 
or  flies  ;  or  a^ain  by  dust  oi*  some  accident«d  application  of  the  virus  t"*" 
nbiaded  sinface.  In  explanjition  of  the  excessive  pi-evalenco  of  the< 
sorrs  i>ii  \\\v  faces  of  young  children,  Laveran  h<U5  pointtnl  out  ihut  tl::*^ 
in  tln'iii  the  most  exjMised  jiait,  and  that  they  are  less  <juick  to  ''r:^' 
awav  anv  insect  which  mav  be  biting::  them. 

Th(^  s(>res  aie  e«|ually  pievalent  upon  wet  soil  or  dry,  on  rock  orMW'- 
ill  hiudi  situations  or  low.  It  is  difficult  to  shew  that  the  endeniir  arfJ* 
of  tlir  disease  are  ai'eas  of  overcrowding,  of  accumidattnl  rofus*^  ^ 
excr«'ta,  or  even  of  faulty  alimentation  ;  or  that  these  sores  arc  Imt  ^ 
rxjuessioii   of    a  depraved   nutrition  frona  climatic  or    other    unheaJ^^- 


iiiHuenees.  The  greut  cliniiiiiitioii  in  the  tiiimher  of  casoB  of  thin  uiTection 
nlticb  hatt  followMl  Htneliorated  sunitttry  coriditioiiH  of  towns  and  districts, 
where  formerly  it  was  ver>'  prevalent,  lends  some  support  to  aiich  an 
opinion  ;  yet  in  the  experience  of  niaiiy  observers,  including  my  own,  these 
ciisea  occur  in  camps  and  cantonments  in  which  there  is  neither  overcrowd- 
ing nor  defective  hygiene,  and  also  in  persona  free  from  any  cachectic 
I'uaditioii  of  hody  produced  by  unhealthy  climate  or  other  factors. 

Nearly  ail  ohservere  have  attributed  the  origin  of  the  oriental  sore 

to    the   domestic    water  -  supply,    though    they  have    not    been    equally 

iiiuiaimous  in  indicating  the  injurious  element.     Some  French  writers 

have  attached  imiKirtance  to  an  excess  of  chloride  of  sodium  and  of  the 

GJirthy  salts;    otbei'a   have  laid  stress   upon  the  disposing  influence  of 

Lirgc    (|uantities  of  sulphate  of   lime  in  the  streams  of  endemic  areas. 

Caudy  and  Fraser  pointed  nut  the  excess  of  nitrates  in  the  wells  where 

Mwoltan  and  Lahore  sores  jirevaileil,  while  Alcock  was  incliued  to  blame 

e  presence  of  sulphuretted  hydrogen,  resulting  from  the  dccumjmsition 

i  orguiic  Blatter  in  the  watei-.      Lewis  and  Cuiniinghani  suggested  that 

oessive    bardnesa    may    lie    an  index  of    the  deleterious    |>roperty  of 

uldag-wators  which  in  various  parts  of  India  are  associated  with  the 

evalence  of  the  sores.     It  is  tme  that  in  Delhi  and  elsewhere,  since  the 

le  of  the  water  fi'om  wells  within  the  city,  the  disease  among  British 

tops  has  abtited ;  but  the  existence  of  similar  chemical  defects  in  the 

hii lining. water  of  many  other  places  where  the  disease  is  unlcnown  make 

ihis  opinion  impossible.     In  Algeria  and  Central  Asia  various  impurities 

in  food  and  drink,  and  the  blocking  up  of  the  sudoriparous  glands  with 

Q'lst,  have  been  respectively  assigned  as  active  causes  of  this  affection. 

If  We  admit  that  the  water-supply  is  the  vehicle  by  which  the  agent 

ffiins  acceits  to  our  bodies,  the  question  arises  whether  it  is  taken  into 

the  system  by  swallowing,  or  whether  it  passes  into  the  skin  through 

'""e  gland-dncis  or  by    abraded  surfaces  when   washing.      Against  the 

'''ceptance  of  the  drinking-water  hypothesis  is  the  fact  that  many  plaets 

"  ''ere  exceptionally  good  drinking-water  is  in  use  are  endemic  centres  of 

'''«  Sores.     As  Hirsch  has  pointed  out,  if  this  hypothesis  were  true,  it 

"'*"1<1  be  difficult   to  explain   why  these   sores  have  certain  points  of 

'^'^tion    in    the    body,    such   as    the    face    and    exposed   parte    of    I  he 

'■^ireiTiities,  and  occur  very  iiirely  on  the  trunk;   or  why  pei-sona  who 

'''^     only  acquainted    with  the  internal  uses  of  water  are  continually 

''''^<:ted  with  these  sores.     If  the  domestic  water-supply  be  concei'ned  in 

'  '*'-  pi'o<luction  of  these  sores  and  idcei'S,  it  is,  as  suggested  by  Murray  and 

'|'''iera,  by  reason  of  its  containing  some  specific  or  jiarasitic  body  which 

"V^"  attachment  to  the  skin  when  the  water  is  used  for  washing,  and 

■"ther  spontaneously  penetrates  the  cuticle,  or  else  obtains  entrance  by 

*^Oie  solution  of  continuity,  such  as  a  scratch,  cut,  or  abrasion.      As  the 

*'ght  of    evidence    is    in    favour  of   its    parasitic    nature,  it  is  to  be 

regretted  that  more  extended  and  close  inquiries  have  not  been  made 

"J*^  the  fuTina  and  flora  of  the  sources  of  watir,  particularly  of  wells,  in 

^jgac^ffhere  these  sores  are  prevalent.     In  discussing  this  snbject 
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with  viirious  medical  officers  of  Indian  experience,  my  att«mion  w» 
drawn  to  the  more  frequent  association  of  these  sores  with  the  ase  oi  oU 
and  fonl  wells  than  with  canal  supplies.  It  has  long  been  recDgniseil 
that  oriental  sore  is  a  disease  of  countries  in  which  the  camel  is  4 
prominent  domestic  animal,  and  it  has  been  maintained  by  some  thjii  thi 
disease  may  be  contracted  from  the  camel,  possibly  by  means  of  a  ok 
or  some  fly.  It  is  proljable  that  investigations  in  this  directimi  wj 
supply  the  missing  links  of  the  chain  of  evidence  concerning  the  %t 
history  of  the  micro-organism  which  appears  to  be  associated  with  tk 
causjition  of  this  disease.  Impressed  with  the  similarity  betwetfn  tb 
Leishman  body  of  kala  azar  and  the  corresponding  germ  of  oriental  sore, 
which  are  morphologically  and  specifically  identical,  Sir  P.  >LiDKii 
has  suggested  that  orienUd  sore  may  bear  the  same  relation  to  laiU  %m 
that  vaccinia  does  to  small-pox,  and  that  possibly  the  virulence  nf  tta 
kala  azar  germ  has  been  lost  during  its  passage  through  the  camifL  jstf 
as  the  variola  germ  is  deprived  of  its  virulence  by  passage  thrrrngb  tta 
cow.  Although  conjectural,  this  seems  to  be  a  point  worth  workujjr  iti 
{IS  should  this  hypothesis  prove  to  be  correct,  we  may  have  rewlyti 
hand,  in  oriental  sore,  a  means  of  preventing  the  severer  and  cnnsti» 
tional  disease  known  as  kala  azar. 

Pathology. — The  histology  of  these  sores  has  been  thoroughly  worW 
out :  and,  if  sections  be  made  of  the  initial  papule  before  ulceration, » 
ditticulty  is  experienced  in  demonstrating  that  the  whole  thickness  «if  ik 
skin  and  subjacent  tissue  is  infiltrated  with  lynnpboid  and  epithelioiil 
(mesoblastic)  cells,  accompanied  by  more  or  less  complete  disintegration  i 
the  normal  tissue-elements  thereby.  In  the  centre  of  the  papide  the  infilm- 
tion  by  young  round  cells  is  so  complete  that  little  can  l)e  seen  erf  il* 
original  tissue-elements  but  a  few  degenerated  remains  of  hair-follicles* 
sweat-glands.  Towards  the  edges  of  the  diseased  area  the  new  cells ««» 
in  isolated  clusters  or  groups,  chiefly  round  blood-vessels  or  lympbatift 
The  infiltration  does  not  seem  primarily  to  involve  either  the  hair-folliel* 
or  the  sebaceous  glands.  The  individual  cells  of  this  infiltration  varr  fr* 
7  to  9  /A ;  their  nuclei  from  o  to  6  /m  :  the  nuclei  are  large,  gentrallj 
single,  but  in  parts  multiple.  The  anatomical  structure  of  the  p»[«l' 
and  surrounding  skin  indiciites  that  oriental  sore  is  of  the  type  ^^ ' 
granuloma ;  in  fact,  the  most  elementary  microscopical  examination  ^ 
the  lesions  shew  that  it  is  a  reaction  of  the  skin  against  some  virus  i 
low  virulence,  which  has  produced  granulomatous  changes  in  the  cons* 
beneath  and  around  the  ulcer.  So  chronic  are  the  changes  which  ^ 
sometimes  met  with  that  a  close  resemblance  to  tuberculosis  may  » 
occasioned.  It  is  important  to  bear  this  in  mind  because  it  has  sevtfW 
times  been  suggested  that  certain  of  these  lesions  are  tul)erctil<'«* 
Doubtless,  syphilitic  and  tuberculous  ulcers  have  from  time  to  time  be<i 
placed  in  this  group,  but  that  there  is  an  entity  to  which  the  r^ 
()ri(!ntal  sore  is  applicable,  which  is  due  to  ^me  virus  diffen*ni  fr** 
syphilis  and  independent  of  tubercle  bacilli,  seems  certain. 

All  authorities  are  agreed  on  this  general  statement  of  the  hij^tolop* 


OnrENTAL  SORE 

[i^et  met  with  in  oriental  sore  :  but  with  regard  to  the  catisation  of 

peeiiliiir  process,  we  find  somo  divergence  both  of  opinion  and  of  fact*. 

The  first  preciee  inquiries  in  this  direction  were  mnde  by  Fleming 

"niith  in  1S68.     The  former  found  in  tbe  diseased  tissueE  certaiu 

highly  refractive  cells,  which  he  took  to  be  the  egga  of  a  parasite ; 

wore  subseqiieuily  demonstrated  to  be  disintegrated  hair-follicles ; 

Smith  found  in  the  pus  from  the  sores  cells  of  various  sizes  and 

which  he  thought  were  ova,  or,  at  least,  larva;  of  a  species  of  dis- 

II.     Both  these  observations  were  obviously  founded  on  error  due  to 

upei^eet  means  of  investigation  available  at  that  time.     In    1875, 

ridyke  Carter,  in  examining  specimens  of  a  "  liouton  "  sent  to  him  by 

'fiber  of  Biskra,  believed  that  he  found  in  the  dilated  lymphatic  vessels  n 

inlous  mould,  with  mycelial  threads  and  gunidia.     In  these  obscrva- 

Weber  concurred,  but  fiuther  investigations  by  Laveran  and  Kelsch 

lonstrated  that  the  presence  of  these  bodies  was  entirely  accidental  or 

'entitious.     In  1880,  Eordier,  a  French  naval  surgeon,  clescril>ed  very 

llw  growths.     Lewis  and  Cuimingham,  in  their  report  upon  Delhi  soi-e, 

1 876,  and  Geber  of  Vienna  in   discussing  AJep|K)  evil,  infer  the 

itity  of  these  oriental  sores  with  lupus,  and  were  unable  to  find  any 

histological  features  in   them   at  all  suggestive  of  their  being  peculiar 

diseaacFi. 

Various  micro-organisms  have  been  found  in  the  lesions,  and  put 
forwanl  as  the  cause,  such  as  micrococci  by  Boinet  and  Dup6ret,  also  by 
r>uclau<c.  Chantemesse,  Heydenreich,  and  Oeesard ;  while  certain  strepto- 
cocci and  staphylococci  have  been  suggested  by  Le  Dantec  and  Auch^. 
Up  to  the  present  time  no  micro-organisms  of  this  kind  have  been  satia- 
;lorily  shewn  to  be  the  causal  agent  in  the  disease.  Cunningham  in 
i8o  published  the  reaulla  of  his  examination  of  a  specimen  of  Delhi  Iwil, 
id  deacribed  refractive  bodies  larger  than  lymphocytes  in  the  tissues  of 
le  papular  stage  of  these  sores.  They  appeared  to  l>e  cells  from  8  to 
10  ^  in  size,  enclosing  certain  round  and  deeply  stained  bodies  of  variable 
siaj  and  grouping.  Cunningham  was  inclined  to  regard  them  as 
representing  various  stages  of  some  monadintc  orgaiusm.  From  an 
in  1889,  of  various  i)apules  of  the  Lahore,  Mooltan,  and 
linde  sores,  removed  before  ulceration,  I  was  able  to  confirm  the  prea- 
of  llie  celjular  bodies  described  by  Cunningham,  but  was  disposed 
rather  to  reganl  them  as  results  of  some  degenerative  process  in  the 
sells  than  as  parasitic  protozoa.  Somewhat  similar  couciusions  were 
dmwii  by  Riehl  as  the  rasult  of  his  examination  of  a  single  case. 

The  researches  of  recent  years,  conducted  with  an  improved  technique, 
ikavc  yieldeii  more  definite  results.  For  this  we  are  mainly  indebted  to 
(Wrigbt  of  Boston  who,  examining  smear  preparations  made  from  one  of 
and  stained  by  a  modification  of  Romanowsky's  stain,  was 
able  to  detect  the  presence  of  generally  round,  sharply  defined  bodies 
from  J  to  4  ;i  in  diameter.  A  few  of  the  bodies  wore  oval  or  elongated 
ill  form.  These  bodies  were  found  to  be  packed  closely  together  i 
cytoplasm  of  the  larger  tissue-cells,  occupying  most  of  the  available^ 
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between  tbe  nucleus  iitid  tlie  uell  -  meiubrane.  Mim;  celb  oontalud 
tvciit;  or  more  of  these  bodies.  In  thick  stctioiia  of  these  sOfM  tht 
presence  of  these  bodies  give  to  tbe  large  cells  in  which  they  are  litaiial 
the  appi.-nrance  of  containing  numerous  basic-  staining  granules  of  limai 
the  size  of  ordinary  piis  cocci,  each  surrounded  by  a  dear  spncv.  Wri^ 
regarded  these  bodif^sas  e[>oroEoa  and,  believing  them  to  be  th( 
ogente  of  the  lesions,  proposed  the  generic  and  specific  name  H^ammt 
tr-ojiir.um  for  the  parasites  {vide  p.  55).  These  observations  have  beenn 
firmed  by  Cliristophers,  James,  and  others ;  further,  there  can  be  UtU*' 
no  doubt  that  these  sporoitoaii  parasitic  bodies  present  in  the  Umatt  li 
oriental  sores  are  identical  with  the  protozoan  originally  deecriM  hf 
Colonel  Leishman  as  present  in  certain  cases  of  splenomegaly.  A  criliod 
study  of  Wright's  papei'  and  of  the  accompanying  plates  iitdiciitea  lliat  Um 
budies  he  described  are  the  same  cells  seen  by  Cunnirigham,  Kiehl,uid  (mh, 
and  described  by  them  some  fifteen  to  twenty  years  ago.  The  accnnu 
recognition  of  their  nature  is  due  to  a  more  perfect  technique,  and  tbtf 
undoubtedly  represent  some  of  tbe  supposed  pUksmodia  in  prooMi  of 
sporulation  described  and  figured  by  these  earlier  observerfl.  Hiia  never 
and  more  perfect  knowledge  of  the  pathology  of  these  sores  BUppoRs  iIm 
view  that  they  are  a  local  infection  by  the  Letsbni an- Donovan  bodies,  a 
infection  in  which  the  vascidar  endothelium  is  probably  mainly  impliattl 
As  regards  thu  cycle  of  development  of  the  jmrasite  we  have  as  yet  ou 
precise  knowledge,  other  than  tliat  it  is  probably  a  stage  in  the  lifo-httucy 
of  some  flagellate.  Be  this  so  or  not,  the  general  ptitfaology  of  urioiitkl  Mm 
and  the  relation  of  tbe  Hrirnsoma  trojiirmm  or  Leishman-Dooovan  bodltiU 
the  tissues  of  the  lesion  make  it  certain  that  in  this  lifiection  the  mvtf 
discovered  parasite  is  acting  as  the  causal  agent  in  a  focal  grunuloiu  m 
the  akin.     (For  description  of  the  I.eiah man-Donovan  bodies  see  p.  60.) 

Symptoms. — Usually  the  earliest  sign  of  one  of  those  eorea  ii  >b 
occurrence,  nitbuut  any  constitutional  disturbance,  of  a  Email  infitnwi 
itching  or  even  biirnitig  area  on  the  sktn  of  some  exposed  part  Tbf 
skin  rapidly  liecomes  boggy  and  swollen,  while  in  the  centra  of  Hieii' 
flamed  patch  a  small  sec<l-Hke  body  can  be  felt  in  the  subet4uice  of  tk 
skin.  This  hard  papule  rapidly  becomes  deep  red  or  purplish  iti  coloar. 
has  a  smooth  and  shiny  surface,  and  may  vary  in  diameter  fnitn  ■< 
eighth  to  half  an  inch.  As  the  papule  increases  in  sIk^  the  rpidvnnii 
covering  it  shews  a  tendency  to  deaquamale,  the  dcsqiuimatioii  hoginrang 
from  five  to  eight  days  after  the  first  appciLmiice  of  the  papiile.  Tbr 
epidermic  scales  first  shed  are  fine,  glistening,  and  dry  ;  but  u  ^ 
deeper  parte  become  invaded,  so  the  scales  become  thicker,  darker,  »iiJ 
moistened  by  a  sei-ous  oozing  fnmi  the  surface  of  the  papule  :  thi»  t»J 
be  in  such  excess  as  to  fonn  a  small  crust.  Gradually  the  papule  anfiC 
and,  if  inspected  cloaol)-,  is  found  to  be  marked  with  dilated  blo«d-ve^ 
and  several  yellowiish  spots.  After  n  vuriable  lime  eitlier  the  )0^ 
becomes  detached,  or  the  tbinneil  epidermis  gives  way,  leaving  a  *imB 
perforat4on  from  which  issues  a  larger  or  smaller  amount  of  thin  punil«Bt 
fluid.     In  some  cases  before  the  detachment  of  the  crust  this  iUf£^ 
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crease  in  size  and  thickness  by  continual  si:cretion  from  below  ub  to 
simulate  rupia.  The  ulceration  proceeds  rapiidly  by  ei'osion  of  the 
edges,  iind  by  the  formution  of  fresh  similar  papules  around  it  which  in 
course  of  time  break  down  in  the  same  way,  resulting  in  the  cotdeacQiico 
of  H  number  of  sniaU  sores  into  one  large  ulcer  with  thickened  etlgcs  anil 
a  base  of  sloughing  cellular  tissue.  The  edges  are  often  so  mnch  raised 
as  to  make  the  ulcer  appear  deeper  than  it  really  is.  The  size  and  shaiw 
of  th«ae  ulcers  vary  very  much  ;  sometimes  they  may  be  only  hidf  an 
iticli  in  diameter,  in  other  cases  they  may  be  one  or  more  inches  acitisa. 
Usually  they  are  oval  in  shape,  but  often  present  an  irregular  sinilouB 
outline-  The  margin  is  generally  ragged,  thickened,  and  surrounded  by 
an  inftammatory  areola  of  variable  extent.  The  floor  of  the  ulcer  may 
be  siuouth,  but  is  commonly  uneven,  proliferating  in  one  jiart  and  disin- 
cvgniting  in  another ;  it  diachargea  a  thin  ufl'ensive  pus  which,  if  allowed 
III  dry,  forms  thick  adherent  cruste.  In  some  cases  the  dtscbarge  appears 
so  to  cling  to  the  surface  of  the  sore  as  to  foi-m  a  thick,  slough-like,  yellow 
pellicle  ;  often  yellowish  particles,  about  ,  ^q  inch  tn  size,  can  be  seen  with 
a  lens  distiibuted  on  or  through  the  sore  ;  these  appear  to  be  degenerated 
hatr-folliclee  or  comedones  from  the  aeliaceous  ducts.  The  akin  in  the 
ncighltourhood  of  the  idcer  is  generally  infiltrated,  and  marked  by  small 
[itipnles  and  yellow  spots,  indicative  of  extension  of  the  disease. 

At  times  these  ulcers  are  extremely  painful,  while  at  others  pain  is 
completely  absent  Ranking  aud  some  other  writers  have  noticed  a 
markoil  tendency  to  periodicity  in  the  accesaions  of  pain.  Although  in 
some  cases  the  adjacent  glands  may  be  enlarged,  and  the  lymphatics 
defined  ami  cordy,  the  sympathy  of  the  lymphatic  system  is  \>y  no  means 
a  constant  symptom,  and,  as  Hickman  pointed  out,  is  probably  deter- 
mined by  the  exact  loaality  of  the  sores  and  the  amount  of  irritation  to 
which  they  are  exposed.  The  iilcerative  stage  may  last  for  months,  the 
^;ja<li>leiit  nature  of  the  sore  and  its  intractability  to  treatment  being 
lBnot«ristic.  It  is,  however,  in  its  healing  that  the  oriental  sore  presents 
J  of  its  most  peculiar  features.  This  process  is  greatly  retarded  by 
e  formation  of  a  scaly  scab  which  must  be  carefully  removed  each  day. 
Lditally  the  secretion  lessens,  the  gratnilations  lose  their  raw  iippuar- 

I,  And  healing  commences  from  the  centre  and  extends  outwards ;  ila 

■Be,  however,  is  very  slow,  the  new  tissue  being  very  liable  to  repeat 
B  diseased  process — to  ulcerate,  and  start  the  sore  afresh.  Cicatrisa- 
1  ultimately  takes  place,  the  scar  being  more  or  less  puckered  towards 
I  centre,  and  pigmented  of  a  luiiform  bluish  brown  colour.  If  the 
[ittaGk  has  been  on  the  face  or  other  ]>art  wheru  the  cellular  tissue  is 
looati,  the  resulting  disfigurement  may  be  severe.  The  pigmentation  of 
the  scars  of  these  sores  often  remains  for  years,  but  is  in  no  way  com- 
[lanible  or  liable  to  be  confounded  with  syphilitic  pigmentation.  In 
Baghdad  the  sears  from  these  sores  are  known  as  "date  marks." 

The  number  and  locality  of  the  sores  ^'ary.  Some  patients  may  have 
\yal  one  or  two  ;  others  may  have  as  many  as  twenty  ;  when  multiple,  the 
individual  sores  are  often  not  so  Uirge  as  when  single,  an^u^U^ 
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some  obseiN'ers  to  bo  less  intractable.  The  disease  is  most  commoiily 
seen  on  exposed  parts,  such  as  the  hands,  arms,  feet,  legs,  neck,  or  lace; 
in  children  the  face  is  the  usual  situation.  It  is  very  liable  to  aluA 
;ibradod  surfaces,  wounds,  and  scratches.  Insect-bites  are  very  often  tbe 
sUirting-points  for  them.  In  my  own  experience  the  dorsal  surfao^s  of 
the  wrist  and  borders  of  the  forearms  are  the  points  most  frequently 
attacked.  The  noses  of  dogs  have  been  observed  by  many  persons  to  1« 
the  scat  of  these  sores,  which  they  apparently  contract  when  drinking. 

The  appearance  of  this  disease  is  not  always  uniform  ;   it  may  ;si"p  at 
any  phase,  and  it  may  assume  a  chronic  character  when  in  the  papular  or 
boil-like  stage,  gradually  subsiding  and  disappearing.     In  other  cases,  evfn 
after  the  formation  of  a  crust,  this  may  not  fall  oft*,  but  persist  UDlil 
cicati'isation  is  complete  beneath  it ;  or  sometimes  the  ulcerative  prows* 
may  Ikj  so  vigorous  and  invade  fresh  tissues  so  rapidly,  as  closely  to 
resemble  /m/>?/s  e:cedem.     Some  sores  may  become  extremely  inflamed  fron 
friction  of  clothes  or  other  irritation  ;   occasionally  complications  ari« 
from  inoculation  with  the  vims  of  erysipelas  or  of  phageda^na ;  this  iai 
however,  rare.     When  the  sores  occur  on  the  persons  of  the  scrofulous  or 
syphilitic  their  clinical  features  are  frequently  modified.     Any  disadvanu^ 
arising  from  starvation,  overwork,  malaria,  or  the  syphilitic  and  Sfn»ful*>u5 
ciichexies,  Avill  modify  the  type  of  the  sore  and  accentuate  it«  intractability; 
but  such  constitutional  or  hereditary  conditions  do  not  necessarily  iU»\i« 
U)  the  disease.     In  extreme  and  most  exceptional  cases,  in  which  the  patient 
is  weakened  by  constitutional  disease,  or  the  sores  are  multiple,  the  refoli- 
ing  discharges  and  irritation  may  be  very  depressing  and  be  accompaiiitii 
by  hectic  fever. 

Diagnosis. — In  districts  where  the  disease  is  known  to  l>e  endemit 
this  should  lujt  be  <lifficult ;  as  the  appeiirance  ujxin  the  face  or  cthfl" 
exposed  part  of  an  isolated  i>apule,  developing  into  a  ncKlule,  and  this 
exuding,  crusting,  and  then  disintegmting  into  an  obstinate  ulcer  imdfr 
the  crust,  constitutes  a  distinctive  set  of  symptoms.  In  some  casei?  it 
might  be  mistaken  for  a  syphilitic  gumma  or  rupia,  but  the  failure  «^ 
specific  remt^dies  and  the  general  clinical  conditions  should  indi'.nt''  * 
ditferential  diagnosis.  Although  it  has  been  confounded  with  eethyiiii 
and  impetigo  this  mistake  should  not  readily  occur.  When  present  in  * 
severe  form  upon  the  face  there  may  be  more  difficulty  in  distinguishing 
it  from  rodent  ulcer,  lupus,  or  epithelioma. 

From  yaws  it  can  be  readily  distinguished  by  remembering  that  ya« 
is  almost  limited  to  the  cohmred  or  negro  races,  while  oriental  sow 
attacks  all  races  alike.  Yaws  is  preceded  by  some  febrile  symptom*; 
these  are  rare  in  the  sore.  In  yaws  the  lesions  are  always  multiple  i»r 
numerous,  coming  in  crops  :  the  boil  or  sore  is  usually  single,  and  if 
multiple  not  numerous.  Although  both  attack  the  face,  yet  yawsprefen 
t  he  flexor  surfaces,  such  as  the  palms  and  soles ;  whereas  the  l)oil  prefer* 
the  <lors;il  aspects  of  the  hands  and  feet.  In  both  affections  the  lesion  i^ 
that  of  a  ].a])ule  succeeded  by  a  nodule  ;  but  in  yaws  the  epidermis  sp^'t^^ 
oir  in  M  few  days,  and  the  whole  eruption  is  developed  in  a  few  weeks; 


the  other  hand,  the  nodule  of  oriental  aore  may  remain  unchanged  for 
monthe.  When  the  cnut  of  the  yaw  papule  is  removed  only  a  moist 
tumoiii'  is  found  which,  except  in  the  *-ery  cachectic  or  when  irritated, 
never  ulcerates  ;  when  the  criiat  of  ilie  oriental  aore  is  removed  an  ulcer 
is  exposed,      Yaws  leaves  no  scar,  but  oriental  sore  necessarily  does  so. 

Malignant  pustule,  or  external  anthrax,  can  be  readily  distinguished 
from  orienlul  sore  by  its  size  and  extent  of  swelling,  by  its  tendency  to 
spread,  by  the  livid  tint  of  the  aldn  and  the  early  formation  nnthin  it  of 
more  than  one  aperture,  by  the  character  of  the  slough,  by  the  severity 
of  the  pain,  and  tlie  marked  constitutional  disturbance  ;  to  this  may  be 
added  the  discovery  of  the  specific  bacilli  of  anthrax. 

Treatment. — Some  authorities  have  advocated  what  is  called  the 
abortive  treatment  of  these  sores  whet)  in  the  early  or  papular  stage, 
This  needs  some  care  and  much  personal  supervision  to  be  successfid,  and 
is  best  carried  out  by  the  application  of  Paquelin'a  or  the  actual  cautery. 
_The  use  of  carbolic  and  other  acids  is  not  to  be  recommended,  noi-  is 
When  ulceration  has  become  thoroughly  established,  the  use  of 
wstic  potasli,  nitric  acid,  fumitig  acid  nitrate  of  mercury,  or  carbolic 
's  valuable,  but  inferior  to  the  judicious  use  of  a  Volkmann's  s)iooti. 
Tor  the  removal  of  cnists  antiseptic  poultices  may  be  applied  ;  but  in  all 
drasainga  the  greiitest  cleanliness  should  be  olwerved  and  all  irritative 
treatment  avoided.  Once  the  diseased  process  has  been  checked  and  the 
ulcer  has  tutcen  on  healthy  action,  the  ortlinary  ti'eatment  for  simple 
Dicers  is  sufGcient.  As  many  of  the  sutferers  from  these  sores  become 
wpidly  debilitated  in  general  health,  care  should  be  taken  to  supplement 
local  treatment  by  a  generous  diet  including  wine  or  beer.  Any  evidence 
"  malaria,  scurvy,  or  syphilis  should  be  met  by  appropriate  treatment. 
">  cases  occurring  in  India  I  have  generally  found  it  necessary  to  remove 
«■*  patient  from  the  endemic  areas ;  preferably  by  change  to  the  hills. 
"  la  perhaps  needless  to  say  that  in  places  where  the  sores  are  prevalent 
"■  '8  of  tlie  first  importance  to  avoid  the  use  of  water,  which  may  be 
"uected,  either  for  washing  or  drinking,  unless  previously  boiled. 

K,  H.  Firth. 

REFERENCES 

'-  Abblaht.  "  ConEributions  ^  I'litiide  des  nlckeB  desp»<rscbiiuds,"ilrcA.  dftntd. 
,,''T-  P«ri8,  1884,  ilii.  p.  374.— 2.  AtTKEN.  ^rtitj/  Med.  Heparl,  1868.-8.  AlxtoOK. 
,  ^^  the  CauM  of  HooltaD  and  Froutier  Sorea,"  Mtd.  Times  and  Gai.  Lond. 
^Pril  ]g7o^  p.  381.^4.  AiionLEm.     CiiHlrHmliim  •!  V^vde  dt  tulare  phagMinique 


Pa!i>  duivdi,   pariieuliiTtment  obMrvi  au   StiUgat.     LondDD,    1S86. — 6.  AvcsB. 

"■  ■      d'Oriont,"  Anh.  elin.  dt  Serdeattx,  18B4.— 8.  Baltocr.     Edin.  iltd.  Jowm. 

I.— 7.  BoiKRT.     "Cloude  Oarw  ahm  Io»  cliEcns,"  M6m.  rl  compt.  rtTid.  iSoe. 

mM.  dt  Lyon,  1885,  t.  xxiv.  p.  84;  >l9o  "  KecliBrclies  sur  ]e  micm-organiBnie 

■'■      •    ■•  •  ■      -'      .>•-■---  observfsu  Tonkin,"  iyow  ^ntd.  1889,  U.  ^V-  !*''■ 

,no  obsorvi  «a  Tonkin."  Ann.  dt.  dtrm,  el  lypA. 

. _. Dtipensr.     "DiiboiitondeGarsaaucamp  deSathoufty," 

"^n  mM.  1884,  xlv.  p.  533  :  aiao  Jrck.  de  <n6l.  milil.  Paris,  1684,  iii.  pp.  296,  321. 
"^^  B»KiiiEit.  AtiJi.  de  mM.  nav.  May  1880.— ID.  Bsocq.  "  Observation  de  bsnton 
*  RiiVn,"  Ann.  de  dermat.  rt  ai/ph.  Paris.  1S83,  iv.  p.  527.— II.  Brows.  Sril. 
ftrn.  a/Dtrm.  1893.-12.  CaM>V.  Med.  Times  and  Ga:.  Aug.  1870-— 13.  CjLaT£it. 
'^nert.  Aug.  1875  :  sL-o  Bril.  Med.  Journ.  Feb.  1876  :  »l«o  TVniut.  Epid.  ,"  '  ' 
.       VOL.  ir. — FT.  II 


twiv"  ''™'  '  M/o".  1885,  t.  xnv.  p, 
j^J-^ogine  de  I'likere  phsK^d^niqiie  t>\ 
iBh  '  *'*°  "^  Valcire  phag^diuiqnc 
,**">,  L  210.— 8.  BuiNRT  and  Dtif ens' 


722  SYSTEM  OF  MEDICINE 

1876  and  1877  ;  also  in  Fox  and  Farquliar's  book,  On  Certain  Endemic  Slria  a^i  o(i 
Diseases  of  India.  London,  1876. — 14.  Chantemesse.  **Note  sur  le  Ujutoa  • 
Nil,"  Ann.  de  t  Inst.  Pasteur,  1887,  p.  477. — 15.  Chevers.  Indian  Anmils  "f  V' 
Sci.  Nov.  1860. — 16.  Coles.  "Note  on  Aden  Ulcers,  comj)iled  from  Otficiai  Dv: 
nients,"  Trans.  Med.  andPkys.  Soc. Bombay,  1859. — 17.  Christupheus.  Tropical Spie: 
niegaly  and  Oriental  Sore,  lirit.  Med.  Journ.  1904,  ii.  j>.  655. — 18.  Ct>LViLL.  Trm 
Med.  Soc.  of  Bombay y  1858. — 19.  Constans.  "Note  relative  au  traitemout  du  tl 
(\q  \Mskrfi,' Arck.  de  iiitd.  milit.  Paris,  1884,  iv.  p.  14.— 20.  Crawf<»ki>.  "X"! 
on  Cases  of  Sloughing  Ulcers  occurring  in  the  15th  Sikh  Reg.  stationed  at  IX 
during  the  years  1881-83,"  Ind.  Med.  Gaz.  1884,  xix.  p.  218. — 21.  CrxMNOHi 
Ttvelftk  Rep.  of  Sanit.  Comniiss.  with  Gov.  of  India,  1875  ;  also  **Ou  the  Prci*nre 
Peculiar  Parasitic  Organisms  in  the  Tissue  of  a  Specimen  of  ]>elhi  Boil,"  Scien.  Jif^ 
of  Med.  Offs.  of  the  Army  of  India,  Calcutta,  i>art  i.  1885. — 22.  Dakwin.  "Si 
Boil,"  lad.  Med.  Gaz.  1882,  xvii.  p.  298.-23.  DlXLAix.  "  fitude  d'uu  micw 
rencontre  sur  uu  maUde  atteint  do  clou  de  Biskra,"  Bull,  de  V Accui,  tic  nat^i.  Vv 
1884,  No.  24;  also  in  Gaz.  heM.  de  mkl.  1884,  xxi.  p.  397  :  also  Arch,  dt  /**i 
norm,  et  path.  1884,  No.  6  ;  also  in  Ann.  de  derm,  ct  syph.  Julj-  25,  1884  ;  abo 
further  note  in  Bull.  Soc.  anal.  Paris,  Oct.  1887. — 24.  Fayueil  "On  M 
\W\\,''  Practitioticr,  October  1875.— 25.  Finkelstein.  "The  Penjdeh  Ulcer, " /ViAf 
zasaid.  Kaukas.  med.  Obsh.  TiHis,  1885-86,  xxii.  p.  351.— 26.  Firth.  **XoieiiOBtJ 
appearance  of  certain  sporozoan  bodies  in  the  j)roto plasm  of  an  Oriental  Sore,"  Bri 
Mai.  Journ.  1891,  vol.  i.  p.  60.— 27.  Fleming.  Army  Med,  Rep,  1868-69  ;ti«i 
Ind.  Med.  Gaz.  vol.  iv.  p.  233;  an(l  in  Brit.  Mai.  Journ.  1881,  i.  i».  805.— 2S.  Fu 
and  FAiwrHAU.  On  Certain  Skin  and  other  Diseases  of  huiin.  Lond.  1876-8 
Gebeu.  Arch.  f.  Derm.  n.  Syph.  1874,  Heft  4. — 30.  Harley.  Med.  Tiuus  awi  (k: 
Nov.  1870. — 31.  Heydenkeh^h.  Centr.  f.  IJakter.  u.  Parasil,  Jan.  25,  1889;  al»  u 
Arch,  de  phys.  norm,  et  path.  1884,  No.  6.-32.  Hiokman.  "  Delhi  Boil,"  ?nirfrf 
.Ian.  1886. — 33.  HiusrH.  Geog.  and  Hist.  Path.  vol.  iii.  New  Syd.  Soc— U 
Jambs.  "Oriental  Sore  and  Delhi  Boil,"  Scien.  Mems.  of  Med.  Offs.  Jrnif  if 
India,  N.S.  No.  13,  1905.-35.  Lavekan.  Ann.  de  derm,  ft  syptt.  1880. --36.  ^ 
Dan'tec.  "Origine  microbiennc  de  I'ulccre  phag^denique  des  l>ays  chauds,'*i^f»l 
de  med.  nav.  Paris,  1885,  xliii.  p.  448. — 37.  LoisoN.  "  De  Tulcere  cndrmiqn*  * 
Gafsa,"  Arch,  de  tntfd.  milit.  Paris,  1891,  xvii.  pp.  36,  297.-38.  Mahmvd.  "  BeniiA 
ii.  die  iigyptische  Beule,"  Ferliandl.  d.  Xtc  Inlem<it.  Med.  Cowj.  Berl.  1890,  11.  ^ 
203. — 39.  Maxson,  Sir  P.  "Notes  on  two  cases  of  Febrile  Tropical  SpleDonwjJin 
an!  a  Suggestion,"  Brit.  Med.  Journ.  1905,  ii.  p.  1261. — 40.  Morrisox.  "Ck«» 
Biskra,"  Gaz.  mAl.  de  Xnntes,  1885,  y.  63.— 41.  Murray.  "On  the  Delhi  ti^ 
Oriental  Sore,"  Trans.  EpUiem.  Sik.  Lond.  1883,  N.S.  ii.  p.  90.— 42.  NiroLLE.  "Om 
de  Biskra,"  Ann.  de  V Inst.  Pasteur,  Paris,  1897.— 43.  Owen.  "  Brief  Notes  on  tk 
so-called  Penjdeh  Sore,"  Ind.  Med.  Gaz.  Calcutta,  1886,  x.xi.  p.  296. — 44.  PosiH. 
"  Note  sur  le  clou  deGafsa,  "Ann.  de  I'lnsf.  Past^'ur,  Paris,  1887,  p.  518,  with  a  plat*.— 45 
PoRTURAS.  "  Pustula  del  Chiniu,"  Cron.  med.  Lima,  1886,  iii.  ji.  291.— 46.  RaXWW- 
;;  A  Note  on  Tropical  V leer,"  Lancet,  Aug.  27,  1887.— 47.  RiEHi..  "ZurAniti 
Atiologie  der  Oriont-Beule,"  Viertljsch.  f.  Dcrmat.  u.  Syph.  "NVien,  1886,  p.  805— 4*- 
Smith.     Army  Med.  Depart.  Report,  1868.— 49.  Thin.     Brit.  Med.  Journ.  Feb,  \^7i 

50.  Thomas.  '  "L'Uloere  de  Pendje,"  ^'«-.  ^ebd.  de  vu^d.  Paris,  1886,  xxiii.  p.  &" 

51.  Wehkk.  Keport  in  Fox  and  Farquhar's  Work  ;  also  in  M^m,  de  tacd-  •J;^ 
Paris,  1876.  52.  Wright.  "Protozoa  in  a  case  of  Tropical  Ulcer,"  J«mni.  iW. 
Rrs  arch,  1903,  vol.  x.  p.  472. 

REF. 


CLIMATIC  BUBO  723 


CLIMATIC   BUBO 

ByJAMKs  Cantlie,  M.B.,  F.R.C.S. 

leription. — A  disease  of  wide  geograj)hical  range,  but  chiefly  occurring 
iropical  and  subtropical  countries.  It  is  characterised  by  the  develop- 
it  of  bulxoes  of  non-venereal  origin  in  the  inguinal  region  in  the 
ids  of  either  the  oblique  or  vertical  group,  but  mainly  in  the  former. 
5  appearance  of  the  bubo  or  buboes  is  associated  with  a  rise  in  tem- 
ature,  occasionally  with  rigors  during  the  second  week  of  the  illness, 
h  marked  weakness  and  depression  of  spirits.  Suppuration  is  the 
J,  but  in  several  recorded  cases  the  bubo  has  resolved  and  subsided, 
teriological  examinations  have  usually  given  negative  results.  The 
jase  is  sometimes  s|)oken  of  as  "  non-venereal  buboes  "  and  as  "  pestis 
lor,"  but  the  latter  name  is  not  intended  to  signify  that  the  disease  is 
uild,  abortive,  or  ambulatory  form  of  true  plague,  but  a  specific 
lent  allied  with  the  prevalence  of  plague.  The  disease,  although  the 
36  of  disablement  for  a  time,  is  not  of  a  fatal  natiu'e. 
Geographical  DistributioD. — Climatic  buboes  have  been  reported 
n  various  parts  of  the  world — from  Japan,  China,  the  Caroline 
jids,  Singapore  and  the  Straits  Settlements,  Sumatra,  Bengal  and 
[ihabad  in  India ;  from  Uganda,  Zanzibar,  Northern  Nigeiiii,  Cai>e 
ony,  and  Madagascar ;  from  New  Orleans  and  the  West  Indies ;  from 
ious  stations  of  the  British  Navy.  The  "  bubo  malaricus  "  of  Hungary 
n  all  probability  the  »imo  disease. 

Association  with  Plague. — In  the  outbreak  of  i)lague  on  the  Volga 
1878-79  Dr.  J.  F.  Pavne  stated  that  whilst  at  Astrakhan  at  the  mouth 

ft' 

the  river  tnie  plague  prevailed  and  many  deaths  ensued,  at  a  town 
16  1/50  miles  higher  up  the  river  the  community  suffered  from  an 
demic  of  buboes  unattended  by  any  fatal  cnses.  The  history  of  this 
demic  points  to  a  disease  resembling  the  climatic  bu))o  tyjKj  of 
nent.  During  1893  I  reported  43  cases  of  climatic  bubo  met  with  in 
»ng  Kong  amongst  Europeans,  and  during  the  sjime  period  the  medical 
petitioners  in  the  Straits  Settlements  reported  many  ciises  of  the  same 
ture.  In  this  connexion  it  is  interesting  to  note  that  true  plague 
pcared  in  Hong  Kong  in  the  early  months  of  1894,  and  whilst  yet  the 
tbreak  of  climatic  buboes  prevailed ;  but  plague  nevei*  occurred  in  the 
■aits  Settlements  in  other  than  sjwradic  form.  In  1895-96  Prof.  W.  J. 
apson  found  among  the  soldiers  of  the  Shropshire  Regiment,  who 
\  gone  from  Hong  Kong,  where  plague  prevailed,  to  Calcuttti,  several 
es  of  bubo  of  a  non-fat;il  character;  in  1896  plague  appe^'U'cd  in 
mbay  and  spread  to  other  parts  of  Indifi,  but  did  not  leach  Calcutta 
;il    1898.      The   soldiers   of   this  regiment  sufiered    from  "climatic 
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buboes  "  whilst  in  Hong  Kong  during  the  prevalence  of  a  severe  epidemic 
of  true  plague. 

On  the  east  coast  of  Africa  many  cases  of  climatic  bubo  have  been 
reported  both  in  the  British  and  German  navies,  and  it  is  interesting  is 
this  connexion  to  note  the  discovery  of  plague  in  the  Hinterland  of 
British  and  German  East  Africa  by  Koch.  In  Cape  Colony,  whew 
plague  has  prevailed  for  some  years,  cases  described  as  "  climatic  bubo" 
were  reported  at  Kimberley  in  1904,  although  true  plague  had  noc 
occurred  in  that  town.  Clayton's  cases  occurred  in  China  whilst  plagv 
was  prevalent;  and  I  saw  a  case  of  climatic  bubo  in  a  medical  mia 
returned  to  England  from  plague  duty  in  Mysore  in  India. 

These  observations  all  tend  to  associate  climatic  bubo  with  plague, 
although  plague  does  not  necessarily  develop  in  consequence  of  the 
prevalence  of  climatic  buboes. 

The  name  "pestis  minor"  was  given  to  this  complaint  by  the  writer 
l)efore  the  name  climatic  bubo  was  applied  to  the  disease,  \iithoat  any 
idea  of  indicating  mild,  ambulatory,  or  abortive  cases  of  plague  therebr. 
Pestis  minor  is  regarded  by  the  writer  as  synonymous  with  climatic  bubo, 
and  is  intended  to  indicate  a  specific  ailment  anticipating,  rimning  srn- 
chronously  with,  and  continuing  after  outbreaks  of  true  plague,  but  rtiD 
preserving  its  own  specific  character.     The  association  may  be  epidenuo- 
logical  merely,  for  a  further  etiological  or  pathological  alliance  his  not 
been  determined ;  but  there  are  no  accounts  in  literature  of  the  preval- 
ence of  climatic  bubo  (pestis  minor)  where  the  possibility  of  coDUmiii*' 
tion  b}'  true  plague  did  not  exist,  although  wide  distances  may  apparenthi 
separate  the  actual  prevalence  of  the  two  diseases. 

The  Baderiology  of  Climatic  Bubo, — In  1893-94  I  found  streptococci 
and  staphylococci  in  the  pus  drawn  from  buboes  of  non-venereal  origifl. 
and  occasionally  a  diplococcus.  Prof.  W.  J.  Simpson  found  a  micro- 
organism resembling  Bacillm  pestis  in  the  cases  of  bubo  amongst  some 
of  the  soldiers  of  the  Shropshire  regiment  that  had  journeyed  to  Calcuttt 
from  Hong  Kong  where  plague  prevailed.  In  the  case  of  a  medical  mm 
suffering  from  non-venereal  inguinal  bubo,  who  came  to  England  from 
a  plague-infected  district  of  India,  Prof.  R.  T.  Hewlett  found: — "(1)  A 
micrococcus  liquefying  gelatin,  and  white  in  growth,  probably  S.  pnog^^ 
albiis;  (2)  a  micrococcus  not  liquefying  gelatin,  probably  S.  cereus  a/k?; 
(3)  a  minute  stumpy  bacillus  inclined  to  bi-polar  staining  and  staining 
well  by  Grram's  method — this  excludes  plague."  Dr.  W.  W.  Stoney  (rf 
Kimberley  states  that,  in  cases  of  climatic  bubo  examined  there,  a  negative 
result  was  obtained.  Prof.  D.  D.  Cunningham  found  bacilli  in  tb« 
blood  of  cases  of  "pestis  minor"  (climatic  bubo?)  in  Calcutta;  the* 
l>acilli  were,  however,  non-infectious,  and  were  not  considered  identicsJ 
witli  true  plague  bacilli.  The  fact  that  Prof.  Cunningham  found  tb 
bacilli  in  the  blood  in  pestis  minor  was  considered  at  one  time  to  dis- 
tinguish pestis  minor  from  true  plague;  this  distinction  is  now  known 
to  be  fallacious  as  bacilli  have  been  proved  to  occur  in  the  blood  in  tk 
earlier  stages  of  the  true  plague  infection. 
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Fleet  Surgeon  Clayton,  K.N.,  describes  four  cases  of  climatic  bubo  in 
•eamen  of  the  British  Navy  on  the  China  station.  In  three  of  these 
there  was  some  evidence  of  local  skin  affection,  *'  dhobie  itch ''  as  a  rule. 
In  spite  of  these  cutaneous  affections,  however,  the  conditions  he  describes 
were  undoubtedly  of  the  nature  of  climatic  bubo,  although  possibly  the 
glandular  trouble  may  have  been  determined  in  the  first  instance  by 
irritation  of  the  skin  in  the  area  drained  by  the  lymphatics  which 
converge  to  the  inguinal  group  of  glands.  He  gives  the  results  of  the 
blood  examinations.  In  the  case  uncomplicated  by  skin  affections  the 
result  was  as  follows : — The  patient  was  put  on  the  sick-list  July  5,  at 
Wei-hai-wei.  On  July  11,  the  blood  examination  shewed:  red  cells, 
4,340,000;  white  cells,  16,330.  Differential  count  July  13,  when  pus 
was  evacuated  from  the  swelling  (697  counted),  neutrophils,  65 ;  eosino- 
phils, 5 ;  lymphocytes,  2 1  ;  intermediate,  1 ;  large  mononuclear,  9.  It 
is  worthy  of  note  that  in  true  plague  marked  leucocytosis  and  also 
marked  diminution  of  eosinophils  obtain — exactly  the  reverse  of  the 
conditions  present  in  cases  of  climatic  bubo  reported  by  Clayton. 

The  above  considerations  and  observations  indicate  how  defective  is 
our  knowledge,  not  only  of  climatic  bubo  or  pestis  minor,  but  of  many 
points  in  the  pathology  of  plague  itself.  In  spite  of  experience  of  plague 
in  many  countries  our  knowledge  of  the  disease,  beyond  the  actual  clinical 
signs  and  symptoms  and  the  demonstration  of  the  presence  of  a  specific 
bacillus,  is  scanty  in  the  extreme.  Thus,  the  nature  of  the  relation  of 
plague  in  animals  to  plague  in  man  is  unknown  ;  the  difference  between 
the  bacilli  described  by  Kitasato  and  by  Yersin  in  regard  to  their  relations 
to  stains  is  as  yet  unsettled ;  there  is  a  want  of  information  concerning 
the  life  and  existence  of  the  plague  bacillus  outside  the  bodies  of  men  or 
animals ;  and  the  various  involution-forms  of  the  bacillus  so  frequently 
met  with  in  cultivation  experiments  all  seem  to  shew  that  the  plague 
bacillus  may  possibly  exist  in  a  double  form  in  man,  now  in  a  non- 
infective  or  perhaps  alx)rtive  form  causing  pestis  minor  or  climatic  bubo, 
now  in  an  infective  form  causing  tnie  plague. 

Clinical  Appearance. — The  patient,  frequently  after  a  period  of  an 
indefinite  feeling  of  being  out  of  sorts,  becomes  aware  of  a  fulness  in  one 
groin,  with  a  sense  of  local  discomfort.     The  swelling  increases  from  day 
to  day,  until  by  the  fourth  or  fifth  day  it  may  assume  the  size  and  shape 
of  ludf  an  orange,  but  with  an  indefinite  outline.     The  skin  becomes  dis- 
coloured, at  first  mottled,  then  purplish  in  hue,  and  finally  of  a  dull  red 
colour ;  and  oedema,  pain  on  pressure  and  on  movement  appi^ar,  so  that 
the  patient  cannot  stand  quite  erect,  and  by  the  end  of  the  first  week  of 
the  illness  walks  with  a  limp.     The  temperature  during  the  first  week  is 
seldom  above  100°  F.,  and  the  usual  signs  and  symptoms  of  illness — 
headaches,  foul  tongue,  loss  of  appetite,  and  either  constipation  or  diarrhcea 
set  in.    During  the  second  week  the  patient  feels  too  ill  to  be  about,  and 
either  stays  indoors  or  altogether  in  bed  ;  the  temperature,  of  a  remittent 
character  throughout,  may  reach  lOT  or  102^  F. ;  the  bubo  attains  the 
size  and  shape  of  a  Bath  bun,  and  the  patient  becomes  weak  and  low- 
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spirited.  Towards  the  end  of  the  second  or  the  beginning  of  the  ihird 
week  this  swelling  shews  signs  of  "  bogginess,"  there  may  be  a  rigor  ud 
night -sweats,  and  in  a  few  days'  time  distinct  points  (two,  three,  or 
more)  of  fluctuation  can  be  felt.  If  left  to  itself  the  skin  will  break  donn 
at  two  or  three  points,  and  a  sanio-purulent  discharge  escapes,  which  ii 
a  day  or  two  becomes  serous  or  sero-purulent,  and  several  fistolou 
openings  are  established.  If  these  sinuses  are  left  alone,  which  of  coone 
they  never  should  be,  the  discharge  will  continue  for  weeks ;  but  if  tht 
mass  be  cut  into  by  laying  the  sinuses  open,  and  the  gland  excised, 
the  resulting  wound  as  a  rule  heals  rapidly,  so  that  by  the  end  of  the 
fourth  week  the  patient  should  be  fit  for  work  again.  The  gland,  wlieo 
exposed  by  incision,  is  found  necrosed  and  separated  from  its  surrouxl- 
ings  everywhere  except  at  one  point ;  and  the  surface  of  the  gland  u 
studded  all  over  with  purulent  collections.  When  cut  into,  the  gland- 
tissue  is  soft,  friable,  greyish  in  places,  dark  purple  in  others,  with  patdiei 
of  pus  of  various  sizes  freely  distributed.  Although  more  than  a  single 
gland  may  be  infected,  one  is  always  in  a  more  advanced  stage  of  ^ 
integration  than  the  others.  The  neighbouring  glands,  one,  two,  sctcuL 
or  all  the  groin -glands,  may  be  congested,  inflamed,  and  some  of  tbea 
shew  purulent  disintegration. 

The  Duration, — From  the  first  appearance  of  the  bubo  to  tlie  end  <rf 
the  illness,  provided  the  gland  or  glands  are  removed,  the  period  is  asoaUj 
four  weeks  ;  suppuration  appearing  late  in  the  second  or  early  in  the  third 
week.  When  suppuration  occurs  early,  and  the  disease<i  glands  are  excised 
without  delay,  the  patient  may  be  quite  well  by  the  end  of  the  third  week. 

Some  cases  recover  without  suppuration,  but  in  54  cases  which  I 
treated  resolution  occurred  in  one  instance  only.  Other  obsenrers  hiie 
recorded  better  results,  with  resolution  in  a  considerable  number  of  cawei 
It  is  very  rare  for  the  glands  in  both  groins  to  become  affected  during 
the  course  of  the  illness  ;  but  one  side  may  become  diseased  after  the 
side  originally  attacked  has  recovered. 

Age  and  Scr. — The  patients  that  I  have  treated  were  all  males  between 
the  ages  of  22  and  45,  and  the  greater  number  of  them  were  seafu'ing 
men,  either  engineers  or  sailors.  Europeans  seem  more  liable  to  the 
disease  than  are  other  races,  but  natives  are  not  likely  to  seek  the  advice 
of  a  European  doctor  in  an  illness  of  the  kind. 

Diagnosis. — In  coming  to  a  conclusion  that  the  disease  is  of  noo- 
venereal  origin,  the  presence  of  genital,  perineal,  or  anal  irritation  must 
be  inquired  into,  and  the  parts  carefully  examined.  In  a  filarial  country 
the  possibility  that  the  glandular  enlargement  is  due  to  filariasis  must  be 
entertained.  When,  however,  the  groin-glands  are  enlarged  from  filariJ 
infection  they  suddenly  become  markedly  painful,  and  the  condition  i* 
always  accompjuiied  by  a  high  temperature,  "  filarial  fever,"  pains  in  the 
back,  and  often  by  chyluria.  True  plague  may  be  the  cause  of  th**  en- 
larged groin-glands,  but  careful  search  will  shew  that  the  glands  eUrvherr 
in  the  body  are  aflectcd.  It  is  well  to  remember  also  that  these  gbrKls 
may  become  tuberculous,  or  even  infected  by  hydatids. 
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Prognosis. — Climatic  bubo  is  not  a  fatal  disease ;  after  a  period  of 
depression  and  weakness  the  patient  usually  recovers  quickly  and  com- 
pletely, provided  the  ordinary  regime  for  similar  conditions  is  followed. 

Treatment — During  the  first  week  of  the  illness  attempts  should  be 
made  to  cut  short  the  enlargement  of  the  groin-glands.  This  is  best 
accomplished  by  rest  in  bed,  light  diet,  attention  to  the  condition  of  the 
bowels,  and  by  the  application  of  pressure  on  the  gland  itself.  After 
deansing  the  skin,  a  conical  pad  of  lint  and  cotton-wool  in  alternate 
layers,  of  ample  depth,  some  6  inches  in  all,  is  placed  (with  the  apex  of 
the  cone  on  the  skin)  over  the  bubo.  A  figure-of-eight  bandage  is  then 
applied  with  the  crossings  on  the  pad  and  the  loops  embracing  the  thigh 
and  body.  It  is  advisable  to  place  the  limb  between  sand-bags,  or  on  a 
eplint^,  in  order  to  prevent  flexion  of  the  thigh,  whereby  the  bandage 
would  be  relaxed.  The  treatment  by  pressure  may  or  may  not  be  supple- 
mented by  the  application  of  unguentum  hydrargyri  ammonia  turn  or 
linimentum  potassii  io<lidi  cum  sapone  to  the  surface  of  the  skin  before 
applying  the  pad. 

As  a  rule  the  gland  or  glands  go  on  to  suppuration.  When  the 
evidence  of  pus  is  undoubted,  the  gland  should  be  exposed  by  an  incision 
of  aniple  length  parallel  to  the  groin.  The  necrosed  gland  or  glands  are 
then  removed  and  the  part  scraped,  but  not  too  roughly,  witli  a  sliarj) 
spoon.  All  sinuses  running  downwards  towards  the  pubes  should  be 
scraped  and  drained  by  a  counter-opening,  the  wound  being  packed  with 
gauze  and  treated  according  to  ordinary  surgical  rules.  When  healing 
has  commenced  the  patient  should  have  an  increased  amount  of  nourish- 
ment, and  an  appropriate  tonic  medicine.  Early  incision,  before  signs 
of  pus  are  apparent,  does  not  hasten  the  cure  ;  it  is  well,  in  this  as  in  some 
other  surgiad  conditions,  to  wait  until  the  abscess  is  "  ripe."  Should  the 
gland  be  cut  down  upon  before  suppuration  is  fairly  well  advanced,  it 
will  be  found  that  the  peri-glandular  tissues  are  infiltrated  with  pus,  that 
the  hajmorrliage  from  the  wound  is  profuse,  and  that  the  gland  or  glands 
are  firmly  bound  down  to  the  subjacent  tissues  in  the  neighbourhood  of 
Poupart's  ligament.  The  gland,  if  attempts  are  made  in  this  stage  to 
remove  it  from  the  deeper  tissues,  breaks  down,  and  has  to  be  removed 
piecemeal.  Early  incision  and  removal  of  the  gland  often  appear  to 
cause  an  extension  of  tlie  inflammation  to  surrounding  tissues,  and  pus 
may  travel  upwards  amongst  the  tissues  of  the  abdominal  wall,  causing 
considerable  constitutional  disturbance ;  extensive  incisions  are  necessiiry 
to  procure  proper  drainage.  The  discharge  from  the  wound  appears, 
when  the  gland  is  removed  early  in  the  illness,  to  have  virulent  powers 
of  infection,  and  its  toxa?mic  character  is  indicated  by  the  development  of 
high  temperatures,  sometimes  reaching  104"  F.  or  even  105  F.,  which 
continue  for  several  days  after  free  drainage  is  provided  for. 

Jamks  Cantlik. 
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By  Sir  Patrick  Maksos,  K.C.M.O.,  M.D.,  LL.D.,  F.R.S. 
Revisod  by  J.  M.  H.  MaoLeod,  M.D..  M.E.aP. 

Synonyms. — Ovduram  of  the  Iljes,  u  tribe  of  African  negroes;  /arfifiJ*oi 
Nossi-b^  and  Madagascar ;  Qui/iHa  of  Brazil ;  St^Ka  patla  {i>.  itj 
Biippu  rati  oil)  of  India. 

Definition. — Ainliiim  (from  the  Nagos  word  signifying  to  $av>)i&  the  itat 
applied  to  an  affection  of  the  toes,  particularly  of  tlie  little  toe^  ptaiHtf 
to  the  dark-skinned  races,  and  is  characterised  by  tbe  fonuation  of  a  HM9 
groove,  aa  if  from  the  action  of  a  slowly  tightened  ligature,  around  llw 
base  of  the  toe  ;  this  groove,  gradually  deepening,  cndit  in  tbe  low  ol  UM 
part. 

Geographical  Distribution.^ — This  peculiar  affection  was  first  obgerrw 
among  the  natives  of  the  Gold  Coast  by  Clarke,  who  described  it  in  11*10 
under  the  heading  of  "dry  gangrene  of  the  little  toe."  In  lR6i  Di 
Silvii  Lima  encountered  it  in  Brazil  and  applied  the  name  "  uinhiiiu  "  W 
it.  Since  then  many  cases  of  the  disease  have  lieen  reported  in  d&rk' 
coloured  races,  and  chiefly  in  negroes,  but  it  has  not  yet  been  observa)  in 
a  European.  It  is  widely  distributed  over  the  African  continent,  juxl 
cases  have  Ijeen  recorded  from  various  districts  on  the  West  Conet ;  Madi' 
gascar  and  the  Zambesi  on  the  East  (Ashlcy-Kmile) ;  Algiers,  Fet,  Cain^ 
and  the  Sudan  ui  the  North ;  and  the  Transvaid  m  the  South        " " 
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Certain  negro  races  are  more  prone  to  it  than  others,  notably  the 
£roomen  on  the  West  Coast.  It  occurs  also  in  South  America,  and  was 
it  one  time  extremely  prevalent  in  Brazil  in  various  towns  such  as 
Sabia,  Rio  de  Janeiro,  Pernambuco,  and  Buenos  Ayres.  The  number  of 
IninJian  cases  is  now  diminishing,  probably  as  the  result  of  the  steady 
[6cre£tfie  in  the  number  of  negroes  in  Brazil.  Occasional  cases  have  been 
Mt  'virith  in  British  Guiana.  It  has  been  observed  also  in  certain  parts 
f  North  America  such  as  North  Carolina,  Louisiana,  and  Virginia  ;  a  few 
pora^iic  cases  have  been  recorded  from  the  West  Indies.  It  has  been 
3pe£tt;edly  seen  in  India  among  the  Hindoos  in  Dacca,  Calcutta,  and 
Soml>ay  (Moreira).  Several  doubtful  cases  have  been  reported  from 
!hin^  (Maxwell),  some  of  which  were  probably  examples  of  mutilating 
eprosy,  with  which  ainhum  has  from  time  to  time  been  confused.  Cases 
lave  also  been  published  from  the  Antilles,  Gilbert  Islands,  and  the  Pine 
Lds^ds  of  New  Caledonia. 

Etiology. — Ainhum  occurs  much  more  frequently  in  males  than  in 
females.  It  has  been  seen  in  children  even  as  young  as  six  weeks 
(Guyot) ;  but  the  vast  majority  of  instances  occur  in  adults.  According 
to  Da  Silva  Lima  it  is  liable  to  run  in  families ;  he  states  that  he  knew 
certain  negro  families  in  which  every  male  member  had  ainhum. 
^hring  also  describes  a  case  in  a  negro  whose  father  and  mother  were 
«^th  affected,  and  Dupouy  relates  an  instance  in  which  grandfather, 
**ther,  and  two  children  were  all  the  subjects  of  this  disease. 

There  has  been  much  speculation  concerning  the  causes  of  this  curious 

^lisease.     It  has  been  attributed  to  self-mutilation,  or  to  such  causes  as 

tte  wearing  of  metal  rings  on  the  toes ;  but  neither  of  these  suggestions 

^  borne  out  by  the  facts.     Again,  ainhum  has  been  regarded  as  a  tropho- 

tieurosis ;  the  evidence  for  this  is  no  less  insufficient.     Various  writers 

liave  asserted  also  that  ainhum  is  a  variety  of  leprosy  (Zambaco,  Collas, 

4Uid  Corre),  or  is  an  evidence  of  a  **  leprous  diathesis  "  occurring  in  persons 

who  are  not  the  subjects  of  active  leprosy  (Ashley-Emile).     Most  observers 

insider,  however,  that  it  has  nothing  to  do  with  leprosy,  although,  like 

jny  other  disease,  it  may  occur  in  a  leper.     My  own  impression  is  that 

the  process  is  started  by  irritation  or  ulceration  at  the  angle  of  the  digito- 

{dantar  fold ;  in  this  situation  in  the  negro  the  epidermis  is  often  very 

Chick,  dry,  and  even  fissured.     It  is  conceivable  that  a  chronic  irritation 

or  ulceration  with  a  contracting  hyperplasia  of  the  dermis  may  be  set  up 

uid  maintained  in  such  circumstances  by  the  lodgment  of  dirt  in  this 

part,  or  by  injury  of  it ;  owing  to  the  direction  of  the  folds  of  the  skin 

this  must  tend  to  a  linear  and  circular  direction.     The  deeper  the  rut  the 

naore  likely  is  it  to  contain  irritating  matters,  and  thus  the  ))rocess  is  apt 

to  become  permanent.    Another  but  purely  speculative  explanation  is  to 

the  effect  that  this  peculiar  condition  is  a  form  of  sclerodcrraia. 

Pathology. — On  longitudinal  section  of  the  amputated  toe  the  skin 
ind  deeper  tissues  at  the  site  of  the  constriction  wnll  be  found  blended 
together  into  a  dense  fibrous  ring,  the  superficial  epithelium  being  much 
bypertrophied.     In  the  distal  portion  the  cutaneous  structures  are  slightly 
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thickened  ;  the  adipose  tissue  is  much  increased  in  some  instances,  not  le 
in  others ;  the  bones  are  partly  absorbed,  the  trabeculae  being  thinned 
and  filled  with  an  oily  material ;  the  joints  may  be  ankylosed,  and  their 
cartilages  fibrous.  Round-cell  infiltration  of  the  corium  and  oblitentire 
endarteritis  have  been  observed.  According  to  Unna,  there  is  in  ihii 
disease  "  a  primary  degeneration  of  the  skin,  a  sort  of  ring- formed  scleny 
dermia,  with  callous  formation  of  the  epidermis,  which  by  its  seat  at  tk 
base  of  a  limb  leads  to  a  secondary  total  necrosis,  due  to  stagnation,! 
process  wliich  has  a  close  resemblance  to  the  artificial  snaring  of  tumoon 
In  spite  of  numerous  histological  investigations  the  nature  of  the  wbok 
process  is  still  unexplained,  largely  because  it  is  not  clear  from  the  descrip 
tions  which  changes  are  primary  and  which  secondary." 

Symptoms. — The  groove,  which  is  the  characteristic  feature  of  ainham, 
always  begins  as  a  shallow  transverse  crack,  or  rut,  at  the  inner  angle  d 
the  digito-plantar  fold.     As  it  deepens,  the  ends  of  the  nit  slowly  exteod 
upwards  and  outwards  until  they  meet  on  the  dorsum,  or  outer  surface  of 
the  toe.     The  process  is  usually  a  very  slow  one,  and  may  take  years  to 
complete.     The  deepening  of  the  groove  is  not  effected  directly  by  ulcera- 
tion, but  by  some  process  of  constriction  going  on  in  or  about  the  denni*. 
After  a  time  the  toe  becomes  enlarged  to  two  or  three  times  the  natiuil 
size,  so  that  ultimately  the  rounded  and  bulbous  distal  portion  presenti 
the  appearance  of  a  small  potato  or  cherry  attached  to  the  foot  by  a 
narrow  and  more  or  less  limp  pedicle.     The  skin  of  the  strangled  portion 
is  not  materially  altered  in  appearance,  although  to  the  touch  the  tiasnei 
have  a  somewhat  soft  and  lipomatous  consistence.     When  in  proceas  of 
time,  and  in  consequence  of  the  pressure  of  the  constricting  hand,  tbf 
bone  or  ligaments  included  in  the  pedicle  become  absorbed  and  lose  tlieir 
rigidity,  the  toe  becomes  everted,  so  that  the  nail,  which  may  haw 
become  more  or  less  deformed,  faces  outwards,  or  outwards  and  down- 
wards.      The    constriction    usually    corresponds   with    the    first   int«r- 
phalangeal  articulation  ;  occasionally  it  passes  through  the  shaft  of  tli« 
first  phalanx.     Gongora  relates  a  case  in  which,  after  the  casting  off  rf 
the  two  distal  phalanges,  the  process  was  repeated  in  the  stump.    The 
narrow  limp  pedicle  now  permits  the  swollen  toe  to  double  under  the 
foot  in  walking,  thereby  often  occasioning  much  pain  and  inconvenien« ; 
for   this   reason,  and   as  the  toe  is  incessantly  injured   by   catching  on 
various  objects,  the  patient,  if  this  be  not  effected  spontaneously  or  k 
accident,  severs  the  pedicle.     The  slight  resulting  wound  usually  heal? 
readily  ;  occasionally,  however,  a  small  ulcer,  in  which  exposed  lx)ne  may 
be  detected,  may  remain  open  for  a  tima 

In  some  instances  a  certain  amount  of  ulceration  may  be  prei>ent  in 
the  depths  of  the  constricting  groove,  particularly  at  the  inner  angle  of 
the  plantar  fold  ;  it  is  piobably  induced  by  injury  or  dirt  Although 
at  times  the  toe  itself  may  become  inflamed  and  even  gangrenous,  active 
inflammatory  manifestations  appear  not  to  be  a  necessary  part  of  the 
process.  When  ulcerated  oi*  inflamed  there  is  generally  a  good  deal  of 
suffering   in   the   part ;    feelings   of  constriction  are  also  complained  d 
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ometimes.  One  observer  (Dupouy)  states  that  in  his  cases  the  onset  of 
be  disease  was  preceded  by  pains  in  the  loin  so  severe  that  the  patients 
rcre  unable  to  stand.     Other  writers  do  not  confirm  this  observation. 

Both  little  toes  may  be  attacked  simultaneously,  or  one  after  the 
ther ;  it  may  bo  after  a  long  interval  (30  years,  Duhring).  The  little 
3e  is  that  most  frequently  affected  (45  out  of  50  cases) ;  more  rarely  it 
I  the  fourth  toe  (5  out  of  50  cases,  Da  Silva  Lima).  The  disease  has 
Iso  been  seen  in  the  fourth  and  little  toes  of  the  same  foot  (Pereira, 
raimares),  and  also  in  the  second  toe  (Gongora).  Guyot  records  a  case 
•f  the  same,  or  a  similar  disease,  in  a  native  of  the  Isle  of  Pines,  in  whom 
lOt  only  the  toes  but  the  fingers  were  attacked ;  and  it  is  said  that 
•he  leg  itself  has  been  the  subject  of  a  similar  amputating  linear 
XHistriction. 

Treatment — In  the  earlier  stages  it  has  been  suggested  that  the 
progress  of  strangulation  might  be  arrested  by  division  of  the  constricting 
nng.     When  the  affected  toe  becomes  useless,  and  is  the  source  of  pain 
or  inconvenience,  it  should  be  amputated. 

Patrick  Manson,  1899. 
J.  M.  H.  MacLeod,  1906. 
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GOUNDOU 

By  J.  M.  H.  MacLeod,  M.D.,  M.K.C.P. 

Syxonym.s. — Groz-nez]  Ilenpuj/e  or  "dog-nose"  of  the  Gold  Coast; 
Anakhre  or  "  big-nose  "  of  the  French  Ivory  Coa.st. 

Daflnitlon.  —  Goundou  is  a  peculiar  affection  of  the  nose,  which  is 
endemic  chiefly  among  the  natives  of  West  Africa,  and  is  characterised 
by  symmetrical  swelling  of  the  sides  of  the  nose,  resulting  from  fin 
exostosis  of  the  nasal  process  of  the  superior  maxillary  bone. 
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History. — -This  remarkable  condition  was  first  described  by  ProlMni 
Alexander  Macali-ster  in  a  paper  rend  before  tbe  Royal  Irish  AcidiVif 
on  December  11,  1882,  upon  the  existence  of  "horned  men"  in  Afna, 
and  was  then  regarded  rather  from  an  ethnological  than  from  a  pktfe 
logical  point  of  view.  In  1SS7  Lamprey  next  drew  attention  to  h,  ttd 
described  three  cases  which  came  under  his  observation  whilst  he  w 
serving  on  the  Gold  Coast.  For  a  detailed  account  of  tlie  dtwaat. 
however,  we  are  indebted  to  the  writings,  in  1S95,  of  ^ladaud  of  lk( 
French  Navy,  who  had  the  opportunity  of  studying  a  number  of  «» 
among  the  inhabitants  of  the  French  Ivory  Coast  Since  then  ooDlnl>i> 
tiona  on  the  subject  have  appeared  from  different  parts  of  the  g;la)« 
all  of  which  have  exhibited  a  striking  unanimity  with  regarrl  to  tlu 
principal  signs  and  symptoms  of  this  disease. 

Qflo^raphlcal  Distribution. — Goundou  occurs  chieHy  uncng  i^ 
natives  of  the  West  Coast  of  Afriai,  the  majority  of  the  cases  buriiig 
been  reported  from  the  Gold  Coast  and  the  French  Ivory  CoasL  It  la 
so  prevalent  iji  certain  districts  of  the  Ivory  Coast  that  AUcIaod  bo 
estimated  that,  on  the  lower  banks  of  the  river  Comoe  iwtween  1  and  J 
per  cent  of  the  natives  are  affected  with  it.  Cases  have  been  record^ 
also  from  Sierra  Leone  (Renner),  Angola,  Uganda,  and  Zanjubar  (Friol- 
richaen).  It  is  not,  however,  confined  to  the  African  continent,  for  mm 
have  been  observed  in  the  West  Indies  (Strachan),  tbe  Malay  Penitmk 
(Braddon),  Sumatra  (Graham),  and  China  (Maxwell). 

Etiology. — The  bony  nature  of  the  tumour  masses  was  recogniied  bf 
Lamprey  as  early  as  1^77,  and  it  is  now  generally  conceded  thai  tlwf 
are  the  i-esult  of  a  chronic  subperiostitia  of  the  nasal  process  and  ilili>- 
orbital  plate  of  the  superior  maxilla  ;  but  the  canse  of  tbe  perionilii  il 
at  present  unknown. 

It  occurs  chiefly  in  the  natives  of  certain  districts  of  West  iinca, 
and  so  far  has  not  been  known  to  attack  a  European.  MacbntV 
recognition  of  the  affection  in  a  chimpanzee  proves  that  animals  arc  not 
immune  from  it.  It  is  said  to  be  more  common  in  males  than  in  fetiula 
Since  the  affection  may  be  found  in  various  countries  far  distant  (mb 
each  other,  such  considerations  as  the  character  of  the  soil  or  atmos]iliBru 
conditions  can  have  little  bearing  on  its  causation.  High  t«mperAUiit, 
however,  may  be  a  factor  in  its  etiology,  as  almost  all  the  recorded  fwa 
have  occurred  in  the  tropics. 

The  earlier  writers  on  the  subject  believed  it  to  be  a  racial  jwculiiri'T 
of  the  natives  of  the  West  Coast  of  Africa,  and  the  cases  which  wen 
recorded  from  the  West  Indies  were  explained  as  examples  of  atAvimm 
the  negroes  affected  being  regarded  as  coming  from  an  African  stodt 
(Strachan).  But  its  occurrence  in  the  Malay  Peninsula  and  China.** 
welt  as  in  many  West  African  tribes,  pro\'es  that  the  influence  uf  nc< 
is  not  an  important  etiological  factor.  Maclaud  is  responsible  for  anotLct 
hypothesis  which  has  attracted  considerable  attention,  namely,  that  t' 
disease  ia  caused  by  the  presence  under  the  periosteum  of  the  larvK 
certain  flies  which  have  penetrated  the  nasal  process 


AS  Sir  P.  MunsDii  has  pointed  out,  it  is  difficult  on  thia  hypothesis 
isplain  th(!  symmetry  of  the  lesions,  and  for  various  other  reufions 
il  has  not  been  generally  accepted.  Another  explanation,  which  has 
been  strongly  supported  by  Chalmers  and  recently  by  Nell,  is  that  the 
atTection  has  a  causal  relation  to  yaws  or  frantbcesia.  Chalmers  observed 
thxt  in  his  cases  the  goundou  developed  either  in  patients  aulfering 
from  yaws  or  in  those  who  were  recovering  from  it  and  had  a  nasal 
ilischarge.  He  believed  that  the  poison  of  yaws  was  taken  up  from  the 
iiasal  mucosa  and  passeil  by  the  small  vessels  through  the  foramina  in 
ihe  nasal  process,  and  there  set  up  the  "  os  too  plastic  periostitis."  Nell, 
on  the  other  hand,  regarded  the  yaws  as  the  disposing  cause,  and  believed 
the  nrus  to  be  probably  similar  to  that  of  phagedienic  ulceration.  Since 
io  vmny  of  the  natives  of  the  districts  in  which  goundou  is  endemic 
either  have  yaws  or  have  suffered  from  thia  disease,  a  more  definite 
relation  than  the  frequent  coincidence  of  the  two  diseases  must  be 
itahlished  before  this  explanation  can  be  accepted. 

Symptoms. — The  disease  usually  commences  in  childhood.  It  may, 
not  come  on  till  later,  as  may  happen  when  an  adult  native 
.tea  into  a  district  where  the  affection  is  endemic  Congenital  cases 
been  recorded  by  Chalmers  and  Nell,  but  this  is  not  the  common 
experience,  and  the  majority  of  writers  on  the  subject  describe  it  as  an 
acquired  affection.  The  disease  is  generally  ushered  in  by  frontal  head- 
aches associat«d  with  a  sero-sanguineous  discharge  from  the  nose.  These 
symptoms  persist  for  about  sis  months  and  then  gradually  disappear. 
During  this  time  hard  pea-sized  swellings  have  developed  on  each  side 
of  the  nose  just  below  the  level  of  the  inner  canthus.  These  slowly 
increase  in  aij;e  in  a  downward  and  outward  direction,  and  assume  an 
oral  shape.  About  the  age  of  puberty  they  may  have  become  the  size 
uf  an  almond ;  at  the  age  of  twenty  they  may  be  as  large  as  half  a 
pigeon's  egg  on  each  side  of  the  nose  ;  and  at  the  age  of  thirty  they  may 
have  reached  the  dimensions  of  a  hen's  egg  (Scheube).  In  a  man  aged 
sixty  years  Maclaud  olwen-ed  a  goimdou  tumour  the  size  of  an  ostrich's 
egg.  As  a  rule  the  lesions  are  symmetrical ;  but  unilateral  tumours  have 
been  recorded,  and  one  tumour  may  develop  before  the  other.  The 
growth  of  the  goundou  is  remarkably  slow,  in  some  cases  being  con- 
tinuous, in  others  ceasing  with  adult  life  or  at  some  intermediate  period 

The  skin  over  the  tumour  is  normal  in  colour,  and  freely  movable 
on  the  subjacent  tissue.  There  is  no  marked  inflammation  associated 
with  the  appearance  of  the  lesions,  and  they  never  break  down  or  ulcerate. 
(h\  palpation  they  present  a  bony  consistence,  are  fixed,  and,  except  in  the 
early  stages,  are  not  tender.  Friedrichsen,  however,  has  recorded  a  case 
in  which  the  lesions  were  painful  on  palpation,  even  after  they  had  existed 
for  nine  years ;  and  Chalmers  has  noted  that  they  may  become  painfid 
in  wet  weather. 

The  tumours  cause  a  bulging  in  of  the  walla  of  the  nose  and  constrict 
the  nasal  cavity,  but  they  do  not  encroach  on  the  septum  of  the  nose  or 
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the  naaal  cartilage,  nor  do  they  preveni  Itresthing  through  iu  7k 
sense  of  smeEl  i»  not  markedly  impaired  by  them,  but  the  iia«&l  mnai 
is  Bwollen  and  sensitive,  and  a  nasal  voice  may  be  produced.  The  cnl 
cavity  and  the  hard  palate  are  not  invaded,  and  the  general  hndll  of 
the  patient  is  not  interfered  with.  The  only  definite  dimdnuiUp 
attached  to  goundou,  besides  the  disfigarement,  is  that  when  tfe 
swellings  reach  a  certain  size  they  so  interfere  with  ihn  unfurtuiittt 
patient's  vision  that  he  is  obliged  to  l>end  his  iiead  down  in  order  to «« 
over  the  top  of  them.  They  do  not,  as  a  rule,  invade  the  orbital  mil; 
or  injure  the  eyeball,  but  if  they  become  sufficiently  large  they  B*y 
displace  the  eye  and  even  desti-oy  it  by  pressure  (^foclaud).  Whn  iW 
into,  the  growths  are  found  to  consist  mainly  of  soft  cancellous  bone  vitk 
a  thin  covering  of  comj^act  bone  which  wiis  foi-raeil  beneath  the  pmaMean 
of  the  nasal  jn-oeess  of  the  superior  maxilla,  and  may  also  have  invwW 
the  infraorbital  plate. 

Treatment. — Various  forms  of  treatment,  short  of  exiirpstioa,  mrfi 
as  iodide  of  potassium  internally,  have  been  tried,  but  with  00  kjtpaKiit 
benefit.  The  only  satisfactory  method  of  dealing  with  the  UmuHin  ii 
escision.  For  this  purpose  an  incision  should  be  made  in  the  long  »n 
the  skill  retnicted,  and  the  bonv  growth  removed  by  lione  f<ircep& 
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TROPICAL    DISEASES   OF   THE   SKIN 

By  .1.  M.  U-  MaoLbuk.  M.Ll.,  M-RCf. 

Introduction. — Tropical  dermatology  is  at  present  in  il£  infnncT  <^  ^ 
has  not  yet  attracted  the  attention  which  it  deserves.  Though  vano*  I 
tropical  skin  affections  have  been  more  or  less  minutely  doacribad,  **! 
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iect  as  a  whole  is  still  in  a  state  of  disorder  almost  amounting  to 
».  This  condition  of  things  is  due  to  several  causes.  First,  because 
are  indebted  for  the  description  of  a  large  number  of  the  tropical 
latoses  to  observers  abroad  who  are  not  experts  in  this  branch  of 
icine,  and  were  without  the  facilities  for  working  out  the  disease  on 
)pot ;  secondly,  ]>ecause  the  nomenclature  of  tropical  skin  diseases  is 
ising,  since  many  of  the  names  applied  to  them  are  native  generic 
js  or  place-names,  and  have  been  used  indiscriminately  for  various 
;ions  which  differ  in  their  clinical  characteristics,  etiology,  and 
>logy  ;  and  lastly,  because  until  recently  observers  seem  to  have  paid 
attention  to  the  skin  diseases  affecting  the  white  man  in  the  tropics 
to  those  of  the  native.  It  is  difficult  also  to  obtain  accurate  statistics 
i^en  the  well-known  skin  diseases  of  the  tropics,  since  not  being  as  a 
fatal,  they  are  apt  to  be  missed  out  in  health  returns,  or  if  mentioned, 
umply  included  under  the  general  heading  of  skin  diseases. 
The  skin  diseases  of  the  tropics  do  not  differ  essentially  from  those 
emperate  latitudes,  but  their  clinical  characteristics  and  etiology  arc 
ified  by  climate,  clothes,  or  rather  want  of  clothes,  habits,  customs, 
I,  and  differences  in  the  power  of  the  skin  in  coloured  races  to  react 
rritants.  In  this  volume  the  skin  diseases  peculiar  to  tropical  and 
iropical  climates  will  be  dealt  with,  but  reference  will  also  be  made  to 
ain  skin  affections  prevalent  in  temperate  latitudes,  which  become  con- 
rably  altered  when  they  occur  in  hot  climates  and  on  dark  skins. 
The  following  provisional  classification  of  the  skin  diseases  of  the 
ics  is  based  on  that  adopted  by  Jeanselme  : — 

I.  General  Infective  Ch'anuloma  involving  the  Skin 

Leprosy  {vide  art.  p.  648). 

Syphilis  (p.  736). 

Tuberculosis  (p.  738). 

Yaws  or  Framboesia  {vide  art.  p.  695). 

Verruga  {vide  art.  p.  704). 

II.  Local  Affections  of  the  Skin  of  Microbic  Ongin 

Oriental  Sore  {vide  art.  p.  712). 

Tropical  Phagedaena  (p.  739). 

Veld'Sore(p.  743). 

Ulcerating  Granuloma  of  the  Pudenda  {vide  art.  p.  708). 

III.  Skin  Affections  of  Mycotic  Origin 

Favus  (p.  745). 
Kingworm — 

a.  Tinea  tonsurans  (p.  746). 

h,        „     circinata  (p.  746). 

c,  „     cruris  or  Dhobie  Itch  (p.  746). 

d,  „      imbricata  (p.  747). 
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ErythriLSiDii  (p.  7+9). 
Pityriasis  versicolor  (p.  750). 
Pinta  or  Carat6  (p.  750), 
Piedra.  {p.  7o3). 
Mycetoma  (p.  754). 


ditc  III  jimmat  PardsUrs 


IV.  akin  Ajfcdion.i 
C raw- era w  (p.  759). 
Water-itch  (p.  760). 
Sand-flea  or  Jigger  (p.  761). 
Myiasis  :  due  to  the  larvie  of  various  flies 
Ixodiasifl  :  due  to  ticks  (p.  764). 
BiWs  of  leeches  {vide  p.  959). 


V.  SkinAfedii 
Erythema  solare  (p. 


dii£  to  tlie  Ciiimik  of  thf  1 
■65). 


Lichen  tropicus  or  Prickly  heat  {ride  art.  Vol.  VIII.  p. 
VI.  Dystrophies 

a  (p.  766). 


13, 1899).    I 


Vitiligo  (p. 

Cheloid  and  hypertrophic 
Ainhum  {i-ide  art.  p.  728). 

iVo(if. — ^Several  of  the  skin  afl'ectioua  so  chissified  above  will  [irotoblr 
in  the  light  of  further  knowledge  require  rearrangement. 

I.  General  Infective  Granulomas  Involving  the  Skin 

Syphilis  In  the  Tropics. — Sj'pbilis  is  almost  worid-wide  in  its  Jislribi- 
tioii,  and  only  a  few  remote  parts  of  the  globe,  such  as  Greeuland,  i-arinii* 
inaccessible  districts  in  Central  Africa,  and  certain  rarely  visited  isUoi* 
of  the  South  Seas  still  remain  immune  from  it.  It  was  unkuowti,  how- 
ever, among  the  aboriginal  inhabitant*  of  tropical  countries,  and  has  Iww 
carried  there  by  the  white  man  or  the  Asiatic.  At  the  end  of  li« 
eighteenth  century  syphilis  was  introduced  into  the  South  Sea  Islands  V 
the  sailors  who  voyaged  with  Captain  Cook,  and  it  has  always  Wen  ttt 
case  that  as  civilisation  has  advanced  and  new  countriee  have  been  opaned 
up  to  commerce,  intercoui-se  with  the  white  man  has  led  to  the  intmiK- 
tion  of  the  disease.  It  has  frequently  been  asserted  that  certain  !•«• 
Are  less  siiaoeptible  to  the  disease  than  others,  and  this  is  doubtlen  ttWt 
but  it  is  more  probably  the  result  of  a  higher  state  of  morality,  grailtf 
cleanliness,  and  better  sanitation,  than  of  racial  differences. 

Syphilis  in  the  tropics  does  not  difler  essentially  froni   syphiUl  cC 
temperate  latitudes,  though  its  clinicid  manifestations  may  be  oonsidv 
ably  moilifleil.     The  subject  has  not  yet  attracted  much  attention, 
the    records   and   statistics   are   often    untrustworthy,  since   in 
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jorts  syphilis  is  frequently  confused  with  other  venereal  diseases,  or 
th  yaws  or  with  tuberculosis,  or  included  with  yaws  under  a  generic 
bive  heading  such  as  "  parangi "  in  Ceylon.  For  the  most  recent  con- 
butions  to  this  subject  we  are  indebted  to  Jeanselme,  who  has  described 
philis  in  the  Indo-Chinese  peninsula,  and  to  Scheube,  for  a  general 
riew  of  the  subject  published  in  1902. 

Geff(frciphical  Distrihtition, — Syphilis  is  common  in  most  parts  of  Asia, 
Ing  s|)ecially  severe  in  Bokhara,  certain  districts  in  India,  and  in  China, 
•rea,  and  Japan.  It  is  very  prevalent  in  the  Straits  Settlements 
lemow)  and  Borneo.  In  North  America  it  is  specially  rife  among  the 
dian  population,  and  in  the  south  it  has  proved  a  veritable  scourge  in 
Bxico  and  Brazil.  In  Africa  it  varies  considerably  in  virulence.  In 
itish  East  Africa,  for  example,  it  is  comparatively  rare  in  the  interior, 
ough  common  on  the  coast ;  and  in  tropical  Africa  the  natives  seem  to 
88688  a  certain  degree  of  immunity  to  it,  and  take  it  in  a  mild  form. 

the  Madagascar  district,  however,  it  occurs  in  an  exceptionally  severe 
d  malignant  type. 

When  the  disease  is  transmitted  to  a  previously  unaffected  district  or 
Eind  it  is  prone  to  occur  in  a  malignant  form,  decimating  the  popula- 
•n,  and  recalling  the  epidemic  type  of  the  disease  which  prevailed  in 
irupe  in  the  fifteenth  century. 

Though  not  essentially  different,  syphilis  in  the  tropics  may  present 
itain  peculiarities  which  distinguish  it  from  syphilis  in  temperate 
mates  ;  and  one  of  the  most  striking  of  these  is  the  far  greater  frequency 

the  extra-genital  chancre  in  the  tropics.  This  is  partly  because  the 
itive  wears  little  or  no  clothing,  and  the  skin,  especially  of  his  legs, 
exposed  to  abrasion  from  the  spines  of  prickly  plants,  splinters  of 
ood,  and  biU's  and  stings  of  insects  and  the  like,  and  through  such 
'eaches  of  the  surface  the  syphilitic  virus  readily  gains  entrance, 
ftrious  native  customs  also  tend  to  result  in  extra-genital  chancres  ;  such, 
r  example,  as  the  passing  round  of  the  water-gourd  from  lip  to  lij),  and 
e  habit  of  the  native  "  medicine-man  "  of  sucking  bleeding  and  ulcerat- 
g  sores.  Owing  to  the  want  of  cleanliness  of  the  native,  and  the  great 
bility  to  secondary  inoculations,  the  primary  lesions  are  .  apt  to  be 
Fect<Kl  with  virulent  micro-organisms  and  to  become  fulminating  sores, 
d  not  infrequently  to  assume  phagedenic  characters. 

In  his  description  of  syphilis  in  Indo-China  Jeanselme  has  pointed 
t  that  the  period  of  secondary  symptoms  is  only  slightly  ai>parent  in 
8  native.  Roseolar  rashes  are  not  observed,  papular  eruptions  are 
Id  in  character  and  difficult  to  detect,  and  mucous  (uitches  in  the 
mth  are  rare.     The  tertiary  period,  on  the  other  han<l,  is  as  severe  in 

manifestations  as  the  secondary  is  slight.  Some  weeks  after  the 
tial  lesion  an  eruption  of  nodular  cinisted  syi)hilides,  situated  usu.iUy 
the  lower  extremities,  generally  makfs  its  appearance.  These  lesions 
yidly  increase  in  size,  and  are  ai)t  to  break  down,  producing  deep 
ierations,  or  by  the  drying  up  of  a  profuse  discharge  to  become  covered 
&h  thick  crusts  forming  coarse  rupia. 

VOL.  ir. — PT.  ir  3  b 
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In  associaUoti  with  the  cutaneous  lesions  ibe  joints  Hnd  bonai 
involved,  the  epiphyses  become  swollen,  and  severe  osleoco|»c 
arise.  Some  months  Inter,  through  the  spi-eadiog  of  th« 
maligntinl  serpiginous  lesions  are  formed,  and  Urge  arens  of  Uatue  ue 
destroyed,  whiuh  on  healing  result  in  severe  eonlractions  itnd  disfigniii^ 
sum's,  The  joints  become  more  and  more  involved,  and  the  smnllor  onct, 
such  as  those  of  the  phalanges,  are  apt  to  become  detacbtx),  and  tiie  luuiiii 
and  feet  to  be  reduced  to  almost  unrecognisable  slumps.  Althougb  in 
its  course  the  disease  may  assume  these  precocious  aod  tiii(lt|oul 
characters,  parosyphilitic  afTections,  such  as  tabes  and  geaec^  pw 
lysis,  are,  according  to  Jeanselme,  unknown  in  Indo-Chino,  and  ISchMtN 
has  made  the  same  observation  with  regard  to  aypbilla  in  Joiu. 
Kashmir,  Corea,  and  the  coast  of  Malabar.  Syphilis  contracted  W 
Europeans  from  native  women  frequently  assumes  jirecocious  chanuhn. 
such  as  those  described  above,  a  fact  which  further  eoiphiuiBM  tb 
necessity  of  the  adoption  of  more  stringent  measures  of  prereoUDS 
among  troops  serving  in  tropical  countries  and  in  India. 

Congenital  syphilis  is  also  common  in  the  tropics.  Jeamelne  hi 
described  it  in  the  Far  East,  and  has  not«d  that  it  att.icks  chirflj  ikl 
cutaneous  and  osseous  systems,  and  is  associateil  with  a  h<vtvy  murttlilj- 
The  usual  characteristics,  such  as  depression  of  the  bridgi.'  of  the  im. 
malformations  of  the  skull,  and  rha^gades  at  the  angles  of  the  nouili, 
are  generally  present.  The  triad  of  Hutchinson  is  said  to  he  nrdi 
observed — "  the  ear  remains  normal,  interstitial  keratitis  is  «ceptiioMl 
and  the  teeth  are  generally  well  formed."  Nervous  lesions  are  <xmw\ 
such  ns  idiocy,  imbecility,  spastic  parajilegia,  and  hydrucephaluo. 

The  Irealinertl  of  exotic  syphilis  is  the  same  as  that  employad  i> 
Europe.  In  Kuro{iean  residents  in  the  tropics  the  meraury  should  ^ 
administered  by  subcutaneous  injection,  aa  it  is  prone  to  irritus  lb 
alimiutary  tract  when  given  by  the  mouth,  and,  if  rubbed  into  tho  Jon, 
to  aggravnte  prickly  heat.  (For  detailed  treatment  i-i-h  Vol.  II  IVtl 
p.  368,  and  Vol.  VUI.,  1899,  p.  814.) 
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Tuberculosis  Cutis. — The  prevalence  of  the  various  skin  muaief' 
tioiis  of  tuberculosis  in  the  tropics  is  a  subject  on  which  as  yet  we  In!* 
no  trustworthy  information.  Tuberculosis  has  a  universal  distritmliw 
prevailing  in  latitudes  as  far  removed  as  those  of  Greenland  and  Br»i- 
in  certain  countries  and  districts,  however,  its  occurrence  is  nn  i  " 
example,  in  F^ypt,  the  StralU  Settlements,  and  the  Malay  Peninsula 
It  is  extremely  prevalent  in  China  and  -Japan.  It  affects  all  mc«s,  tai 
tho  negro  seems  to  he  particularly  susceptible.     In  warm  clii 
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StraJtiB  Settlements,  and  the  south  )iltora1  of  Cbinft.  Cases  Invr  beti 
raport«d  in  the  Malavna  Archipelago,  in  Borneo  and  KumsUu;  ud  tii 
Australasia  in  the  Fiji  and  Solomon  Islands  and  New  Caledonia.  1b 
tropical  America  it  is  met  with  iti  Mexico,  South  America,  ami  tk 
West  Indies. 

Elialogy  and  Biiftvrwlogy.- — The  clinical  clmracwrs  ami  course  nf  iropit 
phagediena  all  point  to  the  conclusion  that  it  is  the  result  ui  liie 
tion  oE  a  specific  microbe  in  a  susceptible  individual,  but  no  <1 
pathogenetic  vims  has  yet  been  discovered.  Bacilli  and  micrococci  b 
been  found  in  considerable  numbt>rB  both  in  the  false  membrane  luid  tlw 
exudation,  as  migbt  be  expected,  but  none  of  them  has  been  pniv«i  la 
be  specific.  In  1884  Le  Dantec  descrilied  a  bacillus  which  he  belivnl 
to  be  the  cimso.  It  was  a  straight,  or  sometimes  bent,  i 
bacillus,  which  measured  from  7  to  10  /i  in  length,  waa  not  Btainedlf 
Qraiii's  method,  did  not  grow  on  ordinary  culture  media,  and  inoealiliM 
experiments  gave  negative  results.  These  observations  were  corrnhonUaJ 
in  the  main  by  Boinet,  Petit,  and  others.  A  closely  allied  liueilliumi 
described  recently  by  Matzenauer  of  Vienna  in  hospital  gangrene;  Tha* 
observations,  however,  though  interesting  and  suggastivv,  are,  in  tk 
al>sence  of  successful  inoculation  experiraenta,  inconclusive. 

A  hot  moist  climate  would  seem  to  be  one  of  the  most  tnpn 
factoi-s  in  the  etiology  of  this  disease.  It  occurs  chiefly  in  the  iWf 
season,  and  is  most  prevalent  in  low-lying  swampy  districts,  imii«i»n^ 
drained  iields,  the  alluvial  beds  of  rivers,  and  on  the  mnrshy  lands  . ' 
the  sea-cottst ;  it  Is  rare  in  the  highlands  of  the  interior  and  in  I 
It  has  been  suggested  by  various  writers  that  the  pathogeiieUc  Tf*' 
has  its  habitat  in  the  mud  arul  mouldy  vegetation  of  the  i 
There  is  no  racial  immunity  towards  the  disease,  but  it  is  much  w« 
common  in  natives  than  in  Europeans,  because  the  native  i*  much  ntn 
insanitary  in  his  habits,  and,  from  tramping  ^bout  Iwrcfoot  and  " 
legged  in  the  mud,  moi'e  liable  to  inoculation.  An  imi>ortaut  i 
ing  cause  is  a  weak  state  of  health,  such  as  may  be  brought  abcrat  >f 
exhaustion,  want  of  food,  or  wasting  disease.  It  readily  attacks  uli'" 
soldiers  during  an  arduous  campaign,  slave-convoys  on  the  march,  Wf 
fed  coolies,  and  pioneers  opening  up  some  marshy  jungle-land.  Of  tn 
wasting  diseases  which  dispose  to  it,  such  as  scurvy,  dysenlory,  wl*- 
culosis,  and  malaria,  by  far  the  most  important  is  the  last-named,  asd  » 
nearly  every  district  in  which  tropical  phagediena  nccum  tual&ria  is  ei 
So  close  is  the  association  between  phagedivua  ajid  malaria  ti 
name  of  "malarial  ulcer "  or  " fever  sore"  has  boeti  frequently  gir«f 
it.  Under  the  heading  of  "fever  sore"  various  kinds  of  ulcers,  wrt 
trivial  in  nature  than  tropical  phagedtena,  have  also  boon  inclodi' 
These  so-calle<i  "malarial  ulcers"  are  not  due  to  the  malaria  alone, t< 
are  the  result  of  the  inoculation  of  a  s]>ccific  vims  in  an  iudividu 
rendered  susceptible  by  the  malaria.  A\lien  Europeans  are  alfected  will 
tropical  phagedena  malaria  is  usually  responsible,  and  it  has  1 
fi-equently  noted  that  a  sudden  spread  of  the  gangrenous  process  is  li 
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take  place  with  each  access  of  fever.  Cross,  in  his  description  of 
ilarial  ulcers  of  British  Central  Africa,  stated  that  Europeans  arc 
Uom  attacked  with  these  sores  till  they  have  been  a  couple  of  yeai-s  in 
e  country,  by  which  time  the  debilitating  effects  of  the  malaria  begin 
manifest  themselves. 

Sfpnptortis, — Tropical  ])haged8ena  may  develop  on  apparently  healthy 
in,  but  it  usually  folloM's  an  abrasion  of  the  surface  from  traumatism, 
68  and  stings  of  insects,  or  other  such  cause.  It  may  also  be  a 
aplication  of  some  pre-existent  sore  such  as  a  granulating  lesion  of 
r«  or  a  syphilitic  idcer.  It  may  be  mild  and  chronic  in  type,  or 
nine  acute  characters  and  result  in  a  terrible  gangrenous  sore  which 
y  have  a  fatal  termination.  It  most  frequently  occurs  on  the  dorsum 
the  foot  and  the  front  of  the  leg  of  natives,  as  they  ai*e  uncovered  and 

the  parts  most  liable  to  injury  and  inoculation.     It  is  not,  however, 

ifined  to  the  lower  extremities,  and  has  been  frequently  observed  on 

hands   and  arms  of   coolies,   specially   when   working  at  the    rice 

•vest,  and  occasionally  it  has  been  known  to  attack  the  face  and  even 

covered  parts  of  the  body. 

Soon  after  the  specific  inoculation  takes  place  the  skin  of  the  affected 
t  becomes  inflamed,  painful,  and  raised.  In  the  course  of  a  few  days 
esicle  or  bulla,  filled  with  sero-sanguineous  fluid,  forms  in  the  centre 
the  inflamed  area.  The  vesicle  soon  br«iks  and  an  unhealthy  ulcer 
alts,  the  floor  of  which  becomes  covered  by  a  pulpy,  greyish  false 
mbrane  bathed  in  a  fetid  exudation  of  a  brownish  colour,  which  has 
HI  likened  to  wine-dregs.  The  ulcer  spreads  more  or  less  rapidly, 
1  may  reach  the  size  of  a  five-shilling  piece  or  larger,  the  edges 
xmie  raised  and  undermined,  and  a  dusky-red  areola  appears  round  it. 

a  mild  case  its  progress  may  be  arrested  at  this  stage  by  a  procew 
aelf-limitation.  In  several  weeks  or  months  cicatrisation  takes  place, 
\  the  resultant  scar  is  too  often  unsatisfactory,  and  liable  to  break 
ra  again  on  the  slightest  injury.  On  the  other  hand,  when  the  virus 
musually  powerful,  or  the  individual  affected  is  in  a  low  state  of  health 
n  concomitant  disease  or  other  cause,  the  ulcer  may  take  on  fulminating 
icacters  and  rapidly  spread,  layer  after  layer  of  the  soft  parts  being 
icked  by  the  gangrenous  process.  The  slough  then  separates  and  the 
na  and  muscles  are  laid  bare  and  decomposed,  blood-vessels  and 
Tee  are  dissected  out,  joints  are  denuded,  and  disarticulation  may 
nr,  and  even  the  periosteum  may  be  affected  and  the  bone  exposed. 
lodated  with  the  local  changes  general  symptoms  usually  supervene, 
di  as  weakness,  pain,  sleeplessness,  and  febrile  attacks.  In  such  cases 
kUd  issue  may  result  from  exhaustion  and  various  complications,  such 
septicaemia,  pyaemia,  haemorrhage  from  an  eroded  vessel,  or  suppura- 
n  of  an  affected  joint  Should  recovery  Uike  place,  permanent  dis- 
pvement  may  be  caused  by  contractures,  mutilations,  and  ankylosis. 

In  many  of  its  clinical  features  tropical  phagedsena  bears  a  striking 
Mublance  to  hospital  gangrene,  and  several  observers  believe  that  the 
•iitions  are  identical.     It  has  been  definitely  proved  to  be  auto-inocul- 
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able,  but  there  is  some  diveraity  of  opinion  with  regard  to  iw  infwuvii; 
At  first  it  wus  not  believed  to  be  contagioits,  bnt  the  obscrratioiu  of  U 
Dantec,  Blnise,  Boinet,  and  others  shew  that  it  may  be  so. 

Diagnosis. — Tropical  phugediena  must  be  distinguish ed  from  tbt 
ulcerations  of  yaws,  syphilis,  leprosy,  and  tuberculosis,  from  \iie  viniwi 
local  ulcers  now  grouped  under  the  heading  of  oriental  sure,  and  ina 
simple  chronic  ulcers.  The  diagnostic  and  pathognomonic  sign  whirt 
distinguishes  it  from  these  lesions  is  the  presence  of  the  greyish  adh«mii 
false  membrane.  As  has  already  been  stated,  there  is  coosidenilile 
diversity  of  opinion  regarding  \ta  relation  to  hospital  gangrene.  L« 
Dantcc  and  others  assert  that  the  two  conditions  are  identical,  tiunf 
their  belief  on  the  clinical  similarity  and  the  fact  that  closely  tlliol 
bacilli  have  been  isolateil  in  l>oth.  Hirsch,  while  admitting  that  cctimb 
of  the  cases  of  tropical  phagedfeua  are  hospital  gangrene,  proboU 
against  the  inclusion  of  them  all  in  this  category,  and  {mints  out  tJul  u 
many  of  the  cases  there  is  a  tendency  to  self -limitation,  wrbich  in  huspial 
gangrene  ia  unusual,  and  that  the  infective  power  is  far  less. 

Prophylans  aiut  Trmtiiwnt. — Tropical  phagedsna  is  so  senoiu  utd 
intractable  an  affection,  and  is  capable  of  incapacitating  such  a  lirgr 
number  of  labourers,  natives,  and  troops  campaigning  in  a  countff  vlun 
it  is  endemic,  that  every  effort  should  be  made  to  prevent  its  oocuntw*. 
and  to  stamp  it  out.  For  this  purpose  it  is  of  the  first  imporUnc  >" 
protect  the  legs  and  feet  of  the  native  soldier.  It  would  often  liodifindi 
to  induce  him  to  wear  boots  even  if  they  cotdd  be  provided,  but  adeqaitt 
protection  may  be  obtained  by  means  of  sandals  and  puttees  of  sotoe  b^ 
material.  When  cases  occur  they  should  be  isolated  if  posdhle,  »«i 
to  avoid  overcrowding  in  the  hospitals  infected  persons  might  be  tmlf^ 
nnder  canvas,  or  in  temporary  huts  which  can  be  destroyed  afUrwank 

The  (ifjwral  hrafrnfiit  of  the  affection  consists  in  plueinsr  the  jwiieDl 
under  satisfactory  hygienic  conditions,  providing  him  with  good  food  ui 
fresh  vegetables,  and  correcting,  as  far  us  possible,  any  obvious  defert  n> 
his  general  health.  When  the  phageJcena  is  associat«d  with  m^via. 
quinine  should  he  prescrilwd;  when  it  occurs  in  a  syphilitic  snbjeo. 
mercury  and  iodide  of  potassium  are  indicated.  Tonics  such  u  nm 
and  strychnine  may  be  employed  on  general  princijiles.  Sir  P.  MuwB' 
advocates  opium  in  lull  doses,  for  the  dorible  purpose  of  rednohg  tk 
phagedena  and  relieving  the  pain.  In  the  case  of  Kuropetuis,  «bi 
the  affection  not  prove  amenable  to  treatment,  a  change  of  dinutU 
a  return  home  may  be  followed  by  great  benefit.  The  local  treats 
even  in  mild  cases,  to  be  successful,  must  be  energetic  and  thorough.  It 
ia  necessary  in  the  first  instance  to  destroy  the  false  membrane  mhI 
sloughing  tissue.  This  may  lie  done  by  scraping  with  a  sharp  vpoou,  • 
genend  anfesthetic  being  given  if  the  lesion  be  extensive.  After  scraon^ 
the  floor  of  the  ulcer  should  Iw  swabbed  with  pure  carlxilic  ado.  o! 
irrigated  with  1  in  1000  sublimate  solntion,  and  finally  dustMl  over  witk 
an  astringent  antiseptic  powder,  such  as  equal  parts  of  iodoforn,  ho 
acid,  and  tannic  acid.     An  antiseptic  dressing  such  as  tlilute  nitnte 
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E-cnry  ointment  sprem]  on  lint  should  then  ho  applied  under  a 
dage.  When  the  foot  oc  the  leg  is  artVcled  the  limb  should  lie  kept 
elevated.  The  sore  should  be  dressed  twice  daily  at  first,  and  any 
iwrnrrence  of  the  membrnne  promptly  dealt  with  by  the  curette  and 
carbolic  acid.  In  mild  cases  Tsc  hud  now  sky  has  rocoiumended  the  appli- 
tion  of  the  following  preparation  ;  iodol,  gn.  4  ;  glycerin,  m  v. ; 
iwdered  gum  arable,  grs.  x. ;.  and  absolute  alcohol,  3  i. ;  which  fomis 
I  occlusive  dressing  by  solidifying  on  exposure  to  the  air,  and  so 
iftbles  the  patient  to  go  about  in  comfort  while  healing  ia  taking  place, 
d  of  dressing  the  sore  after  the  scraping.  Sir  P.  Manson  prefers  to 
»vo  it  e.Tposed,  and  to  allow  a  weak,  warm,  antiseptic  lotion  to  trickle 
1  its  surface  from  an  improvised  irrigator. 

In  place  of  the  sharp  spoon  a  thermo-cautery  may  be  employed  to 
■troy  the  false  membrane.  In  this  way  an  occlusive  scab  is  produced, 
kieb  separates  in  about  a  week,  and  leaves  a  clean  granulating  surface. 

I  rule,  the  granulations  gradually  become  cicatrised,  but  Ocea- 
nia lly,  when  there  has  been  extensive  destruction  of  tissue,  the 
s  may  be  very  slow.  When  this  ia  the  case,  Le  Dantec  advocates 
e  cutting  down  of  the  i-aised  edges  of  the  sore  and  the  a;)p]ication 
strips  of  diachylon  plaster  over  it,  to  draw  the  edges  together  and  to 
ert  coDtinuoiis  pressure  on  the  gi-anidations.  Occasionally  "  Thiench- 
kfting  "  has  to  he  resorted  to,  nr  the  raising  and  dissection  of  the  edges, 
d  the  bringing  of  them  together  by  sutures  over  the  wound  as 
ggesled  by  I'lehn.  In  severe  cases  in  which  the  gangrene  ia  excessive 
nputation  may  bo  necessary,  in  which  event  the  incision  must  be  made 
all  l>eyond  the  diseased  tissue. 
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I.  N«ir  Syd.  Boe.  ICSS,  vol.  iii.  ti.  690.-6.  JeansklmFm  Cmtride  Dtrm.  Exol.  19(H, 
18. — 7.  Lk  Dantec.  "  PhogeUicttiHiii  of  niirm  countries,  its  identitj  with  lioRpital 
[rene,  pithologj-,  syniptojii»,  and  trBatnient,"  Areli.  de  viM.  nav.  18S9,  vol.  k.ii. 
38  :  tnias,  by  KbIgIip,  Jtnim.  0/  Trr-jt.  Med.  189P,  vol.  i.  p.  308.-8.  MaksU.s. 
■deal  Diteaien,  1903,  p.  673.— B.  Matmsaukiu  "The  Etiology  of  Hospital 
mne,"  Ardt.f.  Denn.  u.  Syp/i.  1901,  vol.  Ivii.  \\  229.-10.  Pbtit.  "  Note  aiir 
ur*  |iha|{M4ni(]iiH  dea  pays  chaada,"  Arch  de  tuAt.  nav.  1886,  voL  xlvi.  p.  337.- 
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13.    TsrHuiiNowaHV.      Cmiiribution   it   la   ^mjraphic   w«i(.   de  I'imkijiel   malait. 

ihse  lie  dortoral.      Paris.  1899. 

Veld  Sore  of   South  Africa   is  an  intractable  affection  of  the  skin 

vliicb  came  into  prominence  during  the  late  South  African  War  {1S99- 

I,  and  was  the  source  of  much  discomfort  and  a  large  amount  of 

aliding  among  the  British  troops.     It  may  be  defined  as  a  special 

of  superficial   ulcer   which   is   edged   by  a  fringe  of   exfoliating 
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epidermis,  surrounded  by  an  inflammatory  areola,  and  pecaBuh 
resistant  to  treatment.  It  occurs  usually  on  the  extensor  aspect  d 
the  upper  extremity,  somewhere  between  the  elbow  and  the  fingen,  \k& 
it  may  be  found  elsewhere,  for  example  on  the  legs  and  feet.  It  b^ini 
as  a  small  blister  or  a  group  of  vesicles,  which  break  down  and  give  liie 
to  a  superficial  ulcer,  the  floor  of  which  resembles  that  of  a  \xxkn 
cantharides  blister;  the  edges  of  the  sore  are  not  much  raised,  bK 
consist  of  an  irregular  fringe  of  broken  epidermis.  The  lesionB  tut 
considerably  in  size  from  that  of  a  threepenny  piece  to  a  florin,  and  tker 
are  frequently  multiple.  As  a  rule,  suppuration  is  not  a  marked  fefttuc 
but  it  may  occur  from  a  secondary  pyogenetic  infection,  in  which  cuetk 
sores  are  apt  to  be  associated  with  more  or  less  inflammation  of  tk 
neighbouring  lymphatic  glands.  In  their  course  they  are  chronic  and 
singularly  intractable  ;  though  they  may  have  the  appearance  of  healing 
and  a  scab  may  have  formed  over  the  surface,  if  it  be  removed  mto* 
pus  will  still  be  found  oozing  from  the  exposed  surface.  When  it  doei 
heal,  however,  little  or  no  cicatrix  is  left,  and  even  the  hairs  may  givf 
again  on  the  affected  area ;  but,  on  the  other  hand,  if  there  have  beat 
much  secondary  infection  and  deep  ulceration,  a  depressed  scar  is  cfTtiio 
to  supervene. 

This  affection  is  well  known  to  the  Boers,  and  has  been  vanoodj 
named  "Gift  zeer*'  (poison  sore)  in  the  Transvaal,  and  "Brand  zecr' 
(burn  sore)  in  the  Orange  River  Colony.  According  to  Mr,  Bishop 
Harman  several  of  the  Australians  present  in  that  campaign  reeogoisod 
it  as  identical  with  a  local  sore  which  is  prevalent  in  the  Barcoo  Rim 
district  in  North  Queensland,  and  known  there  as  "  Barcoo  Rot''  h 
differs  from  the  local  sore  of  Natal,  the  so-called  "  Natal  sore,"  in  being 
a  superficial  epidermal  lesion,  whereas  Natal  sore  is  a  granulomatous  nker 
and  belongs  to  the  same  category  as  the  various  oriental  sorea 

Efiohgy. — There  seems  little  doubt  that  the  affection  has  a  specific 
bacterial  origin.  Prof.  Ogston  obtained  from  the  lesions  a  microooccDi 
arranged  in  pairs  like  a  gonococcus,  which  he  thought  might  be  ^wdfic, 
but  he  had  not  the  opportunity  of  cultivating  it.  For  this  organism  be 
suggested  the  name  of  Micrococcus  camj^aneus.  Mr.  Harman  also  foonl 
a  diplococcus,  which  he  was  able  to  grow  on  artificial  media,  and  by  in- 
oculating himself  vnth.  the  pure  culture  he  succeeded  in  producing  on  liii 
arm  a  lesion  presenting  the  characteristics  of  veld  sore.  This  miath 
organism  he  believed  to  be  different  from  Staphylococcus  pfoy^ 
aureus,  and  gave  it  the  name  of  Micrococcus  vesicans.  These  obaffri- 
tions  are  of  great  interest,  and  leave  little  doubt  that  the  specific  microbe 
has  been  discovered ;  but  whether  this  micro-organism  is  a  new  spedtf 
and  merits  a  new  name,  or  is  an  attenuated  form  of  a  familiar  staphrlo- 
coccus,  has  yet  to  be  decided.  The  micro-organism  doubtless  gain* 
entrance  through  some  previous  abrasion  of  the  skin,  such  as  may  1* 
caused  by  injury  or  the  bites  of  insects. 

Most  observers  are  at  one  in  regarding  a  low  state  of  health  as  tf 
important   predisposing   factor.     Messrs.    Harman   and    Pridmore  bock 
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noted  that  during  the  war  it  was  more  common  in  the  cavalry  than  in 
the  infantry,  partly  because  the  cavalry,  being  further  away  from  their 
commissariat,  were  not  in  such  good  condition,  and  partly  because  they 
were  liable  to  slight  injuries  from  handling  their  trappings  and  wagons. 
Others  observed  that  it  was  more  prevalent  in  battalions  on  the  march, 
and  men  out  on  the  veld,  than  in  the  towns  or  camps,  and  that  it  rarely 
Attacked  soldiers  till  they  had  been  out  for  a  sufficient  time  to  become 
run  down  by  hardship,  fatigue,  and  short  rations.  The  season  of  the 
year  does  not  seem  to  have  any  obvious  influence  on  the  prevalence  of  the 
disease. 

Trealment. — To  be  successful  the  treatment  of  vehl  sore  must  bo 
thorough.  It  is  necessary  in  the  first  place  to  clip  away  all  the 
exfoliating  epidermis  at  the  margins  of  the  sore,  for  the  micro-organism 

be  found  penetrating  the  layers  of  the  epidermis  in  advance  of  the 
of  the  blister  (Harman).  The  surface  of  the  lesion  should  then  be 
thoroughly  irrigated  with  sublimate  solution  (1  in  1000)  or  a  compress 
soaked  in  this  lotion  applied.  Boro-iodoform  ])owder  or  calomel  should 
be  dusted  on,  and  an  antiseptic  dressing  applied  under  pieces  of  adhesive 
strapping.     The  dressing  should  be  repeated  daily  till  the  sore  is  healed. 
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III.  Skin  Affections  of  Mycotic  Origin  or  Tropical  Dermatomycoses 

The  dermatomycoses  form  an  important  group  of  skin  affections  in 
the  tropics,  and  result  from  the  presence  and  growth  in  the  epidermis  of 
some  variety  of  hyphomyces.  This  group  includes  favus,  the  various  types 
of  ringworm,  pityriasis  versicolor,  erythrasma,  pinta,  piedra,  and  mycetoma. 
The  majority  of  these  diseases  prevail  in  temperate  climates,  but  a  few  of 
them,  such  as  pinta,  the  peculiar  form  of  ringworm  known  as  tinea  imbri- 
eata,  and  mycetoma,  are  confined  to  tropical  zones.  The  tropical  dermato- 
mycoses are  distinguished  from  those  of  temperate  regions  by  the  characters 
that  they  spread  more  rapidly  and  are  associated  with  more  inflammation 
and  irritation  ;  as  the  hot  moist  weather  favours  the  growth  of  the  fungi. 
In  winter  their  activity  diminishes,  and  the  lesions  tend  to  become  quies- 
cent and  to  resemble  those  of  cold  countries,  or  even  wholly  to  disappear, 

Faviis  has  a  wide  distribution  over  the  globe,  but  it  is  specially 
prevalent  in  the  Eastern  countries  of  Europe,  Asia  Minor,  Egypt,  and  the 
southern  littoral  of  the  Mediterranean.  It  is  independent  of  race,  but 
there  seem  to  be  certain  climatic  conditions,  not  yet  fully  understood, 
which  favour  the  growth  of  the  fungus  (Achviion  Schmleinn).  The 
chief  factor  in  its  diffusion  is  want  of  cleanliness ;  another  factor  may  be 
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the  closer  association  of  certain  peoples  with  animals  which  are  snacepdUe 
to  it  and  readily  transmit  it  to  man. 

Ringrworm  in  some  form  or  other  has  a  universal  distribaticn. 
According  to  Hirsch  it  is  most  prevalent  in  India,  the  Malayan  ArchipeUgu, 
Cochin  China,  Japan,  China,  Abyssinia,  Egypt,  the  West  Coast  of  Afria. 
the  West  Indies,  and  Peni. 

Since  Sabouraud  established  the  plurality  of  the  fungi  of  ringwonu 
much  careful  research  has  been  carried  out  on  the  subject,  and  it  has  been 
proved  that  each  species  of  ringworm  has  its  own  sphere  of  influence  ind 
that  an  investigation  on  the  subject  of  ringworm  htilds  good  only  for 
the  particular  country  in  which  the  investigation  was  conducted.  Tbe 
ringworms  of  the  different  European  countries  have  been  more  or  lea 
carefully  worked  out,  but  those  of  the  tropics  form  a  vast  and,  to  a  hrp 
extent,  unexplored  field.  They  may  be  considered  under  the  headings  of 
Tinea  tonsurans,  T.  circinata,  T.  cruris,    and  T.  imbricata. 

{a)  Tinea  fonsimins^  or  ringworm  of  the  scalp,  has  not  been  siifficientlr 
studied  in  warm  countries,  though  various  observers  have  reported  it  to 
be  common.  Courmont  has  observed  it  in  negroes  in  Senegal,  and  rtatff 
that  certain  of  the  cases  are  caused  by  the  Microsporon  Aitflmiini,  hut  tiut 
the  majority  are  due  to  large-spored  trichophytons  which  differ  from  tboK 
found  in  Europe.  Castellani  has  recently  isolated  a  trichophyton  from 
three  Cingalese  children  suffering  from  ringworm  of  the  scalp,  and  recog- 
nised it  as  the  Trichophyton  megalosporon  endothrix,  A  few  isolated  outer- 
rations  such  as  these  represent  the  present  state  of  our  knowledge  (rf 
the  subject. 

(b)  Tinea  drcinata,  or  ringworm  of  the  glabrous  skin,  occurs  in  the 
tropics  in  several  forms.  It  may  present  slightly  raised  scaly  patches. 
with  well-defined  borders,  which  persist  as  solid  patches  during  the  coane 
of  the  disease.  It  is  more  usual,  however,  for  the  patches  to  clear  up  in 
the  centre,  so  as  to  form  nngs  which  coalesce  and  produce  irregular  gyrate 
figures.  In  this  country  T.  circinata  may  be  caused  with  almost  equil 
frciiuency  by  the  Microi^poron  Avdouint  and  the  large-spored  trichophytons: 
but  in  the  tropics  only  trichophytons  have  been  isolated  in  cases  of  ring- 
worm of  the  glabrous  skin,  and  these  appeared  to  differ  from  those  fonnd 
in  European  countries.  Castellani  isolated  from  a  case  of  T.  circinata  in 
a  European  woman  in  Ceylon  a  peculiar  trichophyton,  which  productfd  i 
"  large  acuminated  non-powdered  culture  "  on  maltose  agar.  Sabonraod 
and  Jeanselme  have  found  in  a  series  of  cases  of  T.  circinata  of  the  soW- 
patch  type,  from  the  Sudan,  a  trichophyton  which  formed  an  acuminste 
brownish  culture  (trichophyton  k  cultures  noires). 

(c)  Tinea  cruris  or  dlwhie  itch  is  an  intractable  form  of  ringworm  d 
the  glabrous  skin  which  attacks  moist  intertriginous  regions,  such  as  the 
cniteh,  axillae,  and  the  parts  beneath  the  breasts  in  stout  women.  It  i« 
known  in  European  countries  as  T.  cruris,  but  in  India,  where  it  is  particu- 
larly rife,  it  has  been  named  **dhobie  itch.'* 

The  name  of  "  dhobie  itch  "  or  "washerman's  itch"  is  used  by  lajmefl 
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in  the  tropics  to  denote  any  pruriginous  affection  of  the  skin,  from  the 
mistaken  belief  that  the  infective  agent  was  usually  clothes  which  had 
been  handled  by  an  infected  dhobie.  Under  the  heading  of  "  dhobie 
itch "  Sir  P.  Manson  has  included  also  cases  of  erythrasma  and 
"pemphigus  contagiosus."  It  is  better,  however,  to  restrict  the  name 
**  dhobie  itch "  to  the  definite  or  regional  form  of  ringworm  which  we 
call  T.  cruris,  and  which  was  once  named  eczema  marginatum  (Hebra). 
This  affection  is  prevalent  in  many  warm  countries,  and  specially  so  in 
India,  Burma,  and  China.  There  are  certain  clinical  characteristics 
irhich  serve  to  distinguish  it  from  ordinary  T.  circinata.  It  begins  as 
roundish,  slightly  elevated  papules,  situated  about  the  crutch  or  axilla, 
"which,  owing  to  the  moisture  of  the  parts,  instead  of  being  scaly,  not  un- 
frequently  present  a  raw,  sodden  appearance.  The  lesions  increase  in  size, 
and  the  border  becomes  defined  and  raised.  Contiguous  patches  coalesce 
to  form  irregular  patches  enclosed  by  a  broad  festooned  boi-der,  which  may 
be  covered  by  thick  scales  or  may  present  a  number  of  oozing  papules 
on  its  surface.  Occasionally  the  patches  may  clear  up  in  the  centre  to 
form  circinate  lesions.  The  affection  may.  be  limited  to  the  inner  surface 
of  the  thigh,  or  it  may  attack  the  genitalia,  and  spreading  up  both  in 
front  and  behind  may  invade  the  whole  of  the  bathing-drawers  area.  It 
occurs  less  frequently  in  the  axilla  and  beneath  the  breasts. 

In  the  warmth  and  moisture  of  these  regions  the  fungus  grows 
rapidly,  and  sets  up  considerable  irritation  and  inflammation,  fiu'ther 
aggravated  by  the  friction  of  these  parts.  So  sore  may  the  lesions 
become  that  the  patient  may  be  compelled  to  remain  in  bed.  The 
temptation  to  rub  and  scratch  is  irresistible,  and  the  secondary  inoculation 
with  pyococci,  followed  by  an  impetigo  or  an  abscess,  is  prone  to  occur. 
The  irritation  is  naturally  worse  in  the  hot  season,  and  when  the  patient 
is  warm  in  bed. 

It  is  probable  that  more  than  one  variety  of  fungus  of  the  tricho- 
phyton type  may  cause  dhobie  itch ;  moreover,  certain  of  the  cases  may 
be  of  animal  origin.  From  two  cases  in  Ceylon  Castellani  isolated  a 
trichophyton  which  grew  on  maltose  agar  in  the  form  of  greyish  crateri- 
form  cultures.  In  some  cases  a  variety  of  hyphomyces  has  been  found 
which  would  not  grow  on  artificial  media.  Cases  of  this  nature  have  been 
described  by  Sabouraud  from  Japan,  Tonkin,  and  Indo-China,  and  by 
Castellani  in  Ceylon. 

(//)  Tinea  imhrkata  is  the  name  given  by  Sir  P.  Manson  to  a  peculiar 
type  of  tropical  ringworm  which  is  endemic,  chiefly  in  the  Malay 
Peninsula  and  the  South  Sea  Islands,  and  attacks  large  numbers  of  the 
population.  Various  synonyms  have  been  applied  to  it,  of  which  the  best 
known  are  Tokelau  ringworm  (from  the  Union  or  Tokelau  Islands  where 
it  is  rife).  Pita,  and  Cascadoe.  From  the  South  Sea  Islands  it  has 
gradually  spread  to  the  East  Indies,  China,  and  the  Straits  Settlements. 
It  has  recently  been  observed  in  Brazil  (Paranhos).  It  is  mainly  confined 
to  the  Papuans  and  Malays,  though  it  may  attack  other  natives. 

The  clinical  peculiarity  of  this  type  of  ringworm  is  the  imbricated 
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formation  of  its  scales,  which  are  arranged  in  concentric  circles  with  the 
base  of  the  scale  towards  the  periphery,  or  in  wavy  parallel  lines  stiggett- 
ing  watered  silk.  Soon  after  the  infection  takes  place  a  slightly  raised 
brownish  patch  becomes  visible.  This  tends  to  clear  up  in  the  centre  bf 
the  loosening  and  breaking  of  the  epidermis,  but  spreads  peripbenllT. 
New  central  lesions  continue  to  form  till  a  concentric  system  results,  mad* 
up  of  rings  of  scales  which  overlap  in  an  imbricated  fashion.  By  coAles^ 
ing  with  other  systems  elaborate  figures  are  produced  and  large  areai 
of  skill  are  invaded.  Occasionally  the  nails  are  attacked,  and  become  in 
consequence  brittle,  discoloured,  opaque,  and  striated.  AcGording  to 
Jeanselmo  the  hairs  are  not  involved  though  the  scalp  may  be  affected, 
but  Sir  P.  Manson  has  observed  cases  in  which  the  hair  also  was  implicated. 
A  peculiarity  of  this  affection  is  that  when  the  scales  become  detached  a 
leucodermic  area  is  left,  which  gives  the  patient  a  somewhat  piebftk 
appearant^e.  The  disease  is  associated  with  severe  pruritus  which  lesds 
to  scratching  and  sequels,  such  as  impetigo,  eczema,  and  adenitis.  Like 
other  forms  of  tropical  ringworm,  it  is  at  its  worst  in  the  hot  season  and 
is  apt  to  become  quiescent  in  winter. 

Tinea  imbricata  is  a  highly  contagious  affection  and  has  been  success- 
fully inoculated  from  man  to  man.  It  is  due  to  a  fungus  situated  in  the 
epidermis  and  the  seniles  in  far  greater  abundance  than  the  fungus  of 
T.  circinata,  and  it  is  to  Sir  P.  Manson  that  we  are  indebted  for  the  fir4 
description  of  it.  It  belongs  to  the  group  of  the  hyphomyccs,  presenting 
mycelial  filaments,  which  branch  dichotomously,  and  round,  oval,  or 
quadrilateral  spores  arranged  in  rows  or  in  irregular  clusters,  but  tlie 
botanical  species  in  which  it  should  be  included  is  still  undecided. 
Tribondeau,  who  studied  the  subject  in  the  natives  of  Polynesia,  noted 
mycelial  filaments  terminating  in  club-shaped,  sporulating  fructifieatioDi 
of  the  type  found  in  aspcrgillus.  Jeanselme,  although  he  found  similir 
fructifications,  was  unable  to  verify  the  continuity  between  them  and  the 
mycelium  described  by  Sir  P.  ^lanson ;  he  believed  that  the  funpis, 
though  differing  in  certiiin  details  from  the  trichophytons  of  ringworm  of 
animal  origin,  was  closely  allied  to  them.  This  observation  is  all  the 
more  reasonable  in  the  light  of  our  knowledge  that  aspergillus  frequently 
grows  in  association  with  the  ordinary  ringworm  fungi,  and  that  it  isverr 
common  to  get  a  symbiosis  of  these  fungi  in  culturea  The  cultivation 
experiments  have  not,  so  far,  been  uniformly  successful,  and  until  they  are 
the  exact  species  of  hyphomycetes  which  causes  this  form  of  ringwonn 
must  remain  undetermined. 

The  treatment  of  lingworm  m  the  tropics  does  not  differ  essentially  from 
that  of  ringworm  in  temperate  latitudes,  except  that,  as  a  nile,  it  miut 
be  more  energetic  than  in  cold  climates.  For  a  description  of  the  t^ea^ 
ment  of  ringworm  in  general  the  reader  is  referred  to  Vol.  A\III.,  1891*,  fi 
853,  as  the  treatment  of  the  special  tropical  forms  only  will  be  considered 
here. 

Tinea  cruris  or  dhohie  itch  is  a  most  intractable  affection,  and  necessi- 
tates extremely  active  measures.     The  affected  regions  should  first  he 
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^Hpeniblied  with  liot  wiiter  and  soft  soap  on  a  piece  of  flniinel,  to  remove 
^^bie  cniats,  sidles,  and  discbarge.     After  that  »  strong  an ti parasitic  lotion 
^Htr  ointment  should  Lie  thoroughly  nil)1>ed  in  once  or  twice  dnily.     For 
^Kthis  purpose  in  mild  cases  ointments  cuntjiining  sulphur  10  per  cent, 
mlicylic  ncid  5  per  cent,  or  pyrogallic  acid  5  per  cent  may  be  employed ; 
or  the  nascent  sulphur  treatment  may  Ite  resorted  to,  which  consists  in 
the  upplication  of  a  6  per  cent  aohition  of  hyposulphite  of  soda  on  lint 
covered  with  oiled  silk  for  about  ten  minutes,  followed  by  painting  with 
3  per  cent  solution  of  tartaric  acid.      In  severe  cases  the  time-honoured 
Velminck's  solution  of  sulphuret  of  calcium  may  be  employed  ( 1  oa.  quick- 
lime, 2  oz.  precipitated  sulphur,  1  Ti  oz.  water,  boiled  together  in  an  earthen- 
ware vessel,  then  reduced  to   10  oz.,  and  the  clear  sherry-coloured  Huid 
decanted  after  subsidence),  and  should  be  painted  on  every  night  for  a 
Wtiek  ;  this  will  generally  be  followed  by  recovery.      In  certain  cases  even 
these  remedies  prove  ineffectual,  and  stronger  measures  must  be  ndopted. 
It  is  in  such  cases  that  chrysarobin  has  been  found  to  be  of  great  value. 
It  is  best  applied  in  the  form  of  a  3  to  6  per  cent  ointment  rubbed  in 
twice  daily  till  the  skin  ai'oiind  the  aH'ccted  patch  reacts  and  becomes  red 
and  inflamed  %  the  rubbing  is  then    stopped,  as  the   reaction   generally 
indicates  that  a  cure  h;is  been   elTccted.      It  is  necessary  in  employing 
ohryaarobin  to  warn  the  patients  that  the  drug  stains  the  clothing,  and 
^Hitfiat,  as  it  is  a  powerful  irritant,  it  must  not  be  allowed  to  reach  se^Biti^'e 
^Mart«  like  the  eyes.     For  at  least  a  month  after  active  treatment  has 
Hfipparently  cured  the  lesiona,  the  part  should  be  jiainted  over  every  second 
^■'Hay  with  a   10  per  cent  solution  of  tincture  of  iodine  in  60  per  cent 
spirit  to  prevent  any  recrudescence  of  infection,    As  a  prophylactic  measure 
Sir  P.  Manson  I'Bcommends  that  short  cotton  bathing-drawers  should  he 
woni,  and  changed  daily  :  and  that  the  skin  of  the  crutch  should  be  frc- 
lently  powdered  with  a  dusting  powder  containing  equal  parts  of  boric 
dd,  nnc  oxide,  and  sbircb. 

Tinea.  imbrii-.Ua  requires  similar  treatment  to  T.  cruris.      It  is  unsafe, 

,  to  place  such  an  irritating  remedy  as  chrysarobin  in  the  hands 

F  ordina:^  natives,  and  as  a  sulistltnte  Sir  P.   Manson  recommends  a 

inimentuni  iodi  of  double  the  strength  of  that  of  the  British  Pharmacopojia. 
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w     ErTthrasma  is  a  mycotic  affection  of  the  skin  which  is  widely  dis- 
Iribated  in  the  tropics  as  well  as  in  temperate  climates.     It  has  frequently. 
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however,  been  confused  with  other  dermatomycoses,  and  as  Sir  P.  Mansou 
has  pointed  out,  certain  of  the  cases  which  have  been  described  under  ibt 
heading  of  dhobie  itch  were  cases  of  erythrasma  due  to  the  Mirros^xn* 
iiiinutissimum.     Tlie  clinical  features  and  treatment  of  the  disease  in  waia 
countries  require  no  special  description  {ride  Vol.  VIII.,  1899,  p.  865). 


Pityriasis  versicolor  is  also  a  common  dermatomycosis  in  the  tropics. 
When  it  attacks  the  native  it  usually  produces  yellowish  gix>und-glas»-like 
patches,  which  have  been  aptly  compared  to  thin  coats  of  yellow  paint. 
The  specific  fungus   {Micros^ron  furfur)  has  been  readily  isolated  frwD 
the  lesions,  but  cultivation  experiments  have  not  been  more  successful  in 
the  tropics  than  in  Europe.     In  the  natives  of  Ceylon,   Gastellani  has 
described  three  varieties  of  P.  versicolor ;  namely,  two  yellow  types,  to 
which  he  has  given  the  name  of  P.  versicolor  fiava,  and  a  black  type, 
which  he  has  christened  P.  versicolor  nigra.     The  first  variety  of  P.  yeni- 
color  flava  usually  attacks  the  face,  neck,  and  the  upper  part  of  the  tnioi, 
and  the  affected  patches  are  yellowish  in  tinge,  and  smooth  ;  the  secun/ 
variety  generally  attacks  the  arms  and  legs,  and  the  patches  are  whitish 
yellow,  and  covered  with   fine  scales.     In  pityriasis  nigra  the  affectol 
areas  are  black,   slightly  elevated,  and  scaly.       Each  of  these  types  i* 
believed  to  be  caused  by  a  variant  of  the  Mic7vsporon  furfur^  which  can 
be  distinguished  microscopically. 

The  treatment  of  P.  versicolor  in  the  tropics  is  similar  to  thai  eifr 
ployed  in  Europe  {vide  Vol.  VIII.,  1899,  p.  864). 

The  consi«leration  of  erythrasma  and  P.  versicolor  of  the  tropics, 
especially  in  the  light  of  Castellani's  recent  observations,  natumlly  leads 
us  to  the  consideration  of  the  group  of  epiphytic  disease  of  the  tropics, 
characterised  by  the  presence  of  variously  coloured  patches,  and  generally 
described  under  the  heading  of  "  Pinta." 
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Pinta. — Syn.  Mai  del  Pinto,  Spotted  Sickness,  Peinty  Carats,  Cnie,  Cd^ 
Pannus  Carattnis  (Alibert). 

Definition. — Under  the  heading  of  Pinta,  Carate,  and  various  other 
names,  a  peculiar  form  of  epiphytic  skin  disease  of  the  tropics  has  been 
described,  which  is  characterised  by  the  appearance  of  spots  and  patcliei 
of  different  colours  on  the  skin,  and  sometimes  on  the  mucoiis  membranes. 

Geographical  Di^rihution. — Pinta  is  endemic,  chiefly  in  the  tropicil 
countries  of  the  Western  Hemisphere,  such  as  Mexico,  Central  America, 
Venezuela,  Chile,  and  Peru.  Carats  is  particularly  rife  in  Columbi*. 
affecting  in  some  parts  one  out  of  ten  of  the  population  ;  and  cativi  occuii 
in  Guatemala  and  Honduras.  In  Africii  a  similar  affection  has  l^eea 
tlescribed  in  Tripoli  (l^egrain),  in  Egypt  (Sand with),  and  on  the  GoH 
Coast    (Browne).      Whether    these    variously    designated    affections  are 
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tical  is  at  present  uncertain,  but  they  are  at  least  so  closely  allied 
0  suggest  that  they  are  caused  by  variants  of  the  same  species  of 
^s. 

Etiologij. — One  of  the  most  important  disposing  causes  of  this  peculiar 
oatomycosis  is  a  hot,  moist  climate.  In  the  countries  where  it  is 
jmic  it  is  found  mainly  in  low-lying  marshy  lands  about  the  banks  of 
rs.  It  prevails  chiefly  in  the  hot  rainy  season.  Want  of  cleanliness, 
of  clothing,  bad  hygienic  conditions,  and  insufficient  food  are  all 
osing  factors.  It  attacks  the  poor  rather  than  the  rich  and  well-fed. 
arely  affects  the  white  population,  but,  in  a  district  in  which  it  is 
imic,  is  rife  among  the  negroes,  Indians,  and  half-castes.  In  British 
.duras,  for  example,  the  Europeans  escape  almost  entirely,  while  about 
per  cent  of  tlie  Caribs  are  attacked  (Cran).  Ago  and  sex  have  no 
ing  on  the  etiology.  The  disease  is  transmitted  from  man  to  man, 
it  is  believed  in  Mexico  that  mosquitoes  may  convey  it. 
The  cause  of  the  affection  is  some  form  of  chromogenctic  fungus  in 
epidermis ;  the  differences  in  colour  are  due  to  differences  in  the  pig- 
t  formed  by  the  fungus.  Another  factor  in  the  colour  of  the  lesions 
le  [)recise  sitiuition  of  the  fungus  in  the  epidermis ;  for  when  the 
ins  are  black  or  blue  the  fungus  is  found  to  be  situated  superficially, 
n  they  are  red  or  grey  to  be  deeper  in  the  epidermis.  But  whether 
rent  species  of  fungi  are  responsible  for  the  various  forms  of  this 
jtion,  or  whether  under  certain  conditions  the  same  fungus  may  pro- 
j  different  pigments,  are  at  present  unsolved  problems ;  so  that  in 
present  state  of  our  knowledge  it  is  well  to  keep  an  open  mind  on 
subject. 

In  1881  Gastambide  described  a  hyphomyces  in  the  scales  of  pinta, 
:h  }>resente<l  an  agglomeration  of  ovoid  or  roundish  spores  6-8  /x 
)readth  and  10-12  /x  in  length  lying  between  the  epidermal  cells. 
b  spore  possessed  a  transparent  membrane  containing  a  large  number 
larkish  granules  suspended  in  a  yellow  fluid.  Small  fragments  of 
dial  threads  were  also  observed,  which  shewed  no  tendency  to  branch 
otomously.  Montoya,  in  1898,  in  a  thesis  on  carate  in  Cohimbia, 
ited  from  the  scales  a  number  of  fungi  which  belonged  to  the  As])er- 
is  species.  These  presented  long  slender  mycelial  filaments  which 
led  dichotomously,  and  gave  off  here  and  there  short  branches 
linating  in  large  fructifications  like  those  of  As}>ergillu8.  When 
i^n  on  artificial  media,  coloured  cultures  were  i)roduce<l  correspond- 
to  the  colour  of  the  scale  from  which  the  fungus  was  isolated.  He 
observed  fungi  of  the  species  of  Monilia  and  Penicillium,  but  failed 
3tect  a  hyphomyces  like  that  described  by  Gastambide. 
Darier  has  recently  })ublished  a  cjise  of  carate,  or  an  allied  dermato- 
sis of  South  American  origin,  in  a  white  man,  which  began  as  red 
'  patches,  and  gradually  invaded  the  wliole  of  the  skin,  except  the 
»,  temples,  and  ears.  From  the  scales  he  isolated  a  hyj)homyces, 
h  Bodin  succeeded  in  cultivating,  and  believed  to  be  a  trichophyton. 
Symptoms, — The  eruption  generally  appears  first  on   the  uncovered 
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parts  of  the  body,  and  may  attack  the  face,  neck,  forearms,  wrists,  l«^ 
and  ankles.     It  is  preceded  by  more  or  less  itching.     But  no  defimlc 
constitutional  symptoms  are  associated  with    its  presence.      It  be^ 
as  one  or  more  small  discoloured,  scaly  spots,  which  enlarge  and  ooakicc 
to  form  irregular  patches.     New  lesions  follow  by  auto-contagion,  and 
gi^dually  increase  in  size  till  the  whole  of  the  glabrous  skin,  with  tk 
exception  of  that  of  the  palms  and  soles,  may  be  involved  in  a  ptti^j 
fashion,  which  gives  to  the  patient  a  grotesque  piebald  appearance.    TW 
colour  of  the  patches   varies;  it  may  be  blue,  violet,  black,  red,  grej, 
yellow,  and  white,  the  red  variety  occurring  only  in  white  skins.    The 
tint  of  an  individual  patch  remains  constant  till  it  begins  to  recede,  but 
in   certain  cases  patches  of  different  colours  are  present  in  the  saoe 
individual.     The  affected  skin  becomes  dry  and  coarse,  and  emits  aa 
offensive  odour,  which  has  been  compared  to  that  of  a  mangy  dog  or 
of  dirty  linen  ;    this  odour  is  not,  however,  specific,   but  is  the  rook 
of  perspiration  and  lack  of  cleanliness.     More  or  less  itching  is  assodstal 
with  it,  which  is  specially  vexatious  at  night,  and  apt  to  lead  to  exoom* 
tions   from  scratching,   and  secondary  lesions   produced  by  pyogeneQc 
inoculation. 

Two  stages  in  the  course  of  the  affection  are  described  by  Jeaiiselme, 
namely,  an  active  stage  of  pigment-formation  ("stage  of  hyperchromia'; 
and  a  late  atrophic  stage  characterised  by  the  disappearance  of  pigmenl 
("  stage  of  achromia  "  or  pseudo-vitiligo).  If  the  patient  be  insufficientfy 
treated,  the  stage  of  hyperchromia  may  persist  for  many  years.  T^Twi 
the  stage  of  achromia  begins,  the  pigmented  patches  desquamate  and  dtt- 
appear,  leaving  white  patches  in  their  place ;  this  process  begins  at  tk 
centre  of  the  patch  and  spreads  towards  the  periphery.  The  loss  of 
pigmentation  is  caused  by  the  action  of  the  parasite  on  the  melanin  of  tk 
skin,  and  is  noticed  first  over  bony  prominences  subject  to  rubbing,  suck 
as  the  elbows.  Though  the  palms  and  soles  are  not  seats  of  the  pigmented 
patches  they  are  occasionally  subject  to  much  thickening  of  the  hofBj 
layer,  and  the  consequent  formation  of  deep  cracks,  which  readily  bleed 
Neither  the  nails  nor  the  hairs  are  attacked ;  but  if  the  scalp  be  aflectod 
the  hairs  tend  to  become  atrophic,  lustreless,  and  may  fall  out.  Accord- 
ing to  Barbc,  in  long-standing  cases  the  mucous  membranes  of  the  mouth, 
prepuce,  and  vagina  may  be  coloured.  The  eruption,  though  not  associ- 
ated with  any  serious  constitutional  symptoms,  may  yet  be  a  source  of 
annoyance  to  the  patient  on  account  of  the  itching  which  is  generallj 
present,  and  is  best  marked  when  the  scaliness  is  excessive.  The  afiecuoa 
is  j)rogressive  in  its  course  unless  it  is  thoroughly  treated,  the  black  varifty 
spreading  more  rapidly  than  the  red  or  the  white. 

Duicfnom. — The  skin  affections  with  which  pinta  is  most  liable  to  be 
confounded  arc  vitiligo  and  chloasma.  Extensive  cases  of  vitHigA 
indeed,  have  from  time  to  time  been  described  under  the  heading  rf 
pinta  or  carate.  Vitiligo,  however,  differs  from  pinta  in  being  moff 
symmetrically  distributed,  in  being  neither  scaly  nor  itchy,  and  in  the 
fact  that  no  fungus  can  be  isolated  from  it.     Chloasma  is  disposed  abo 


TROPICAL  DISEASES  OF  THE  SKIN  753 

to  be  distributed  symmetrically,  and  is  not  scaly.  Occasionally  cases  of 
pinta  have  been  mistaken  for  leprosy,  but  apart  from  other  differences 
the  patches  in  pinta  are  not  anaesthetic  like  those  of  the  more  serious 
disease. 

Treatniertt, — The  treatment  of  this  affection  is  the  same  as  that  for 
pityriasis  versicolor,  and  consists  of  scrubbing  with  soft  soap  and  the 
Application  of  antiparasitic  ointments  conUiining  sulphur  or  chrysarobiii, 
or  lotions  of  hyposulphite  of  soda,  or  of  tincture  of  iodine.  In  pinta,  as 
in  all  the  dermatomycoses,  the  clothing  woi-n  while  the  disease  was  active 
must  be  destroyed  or  disinfected. 
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Piedra. — Syn.  :  TricJiomycosis  nodosa  (Juhel-Kenoy).  Piedra  is  the 
name  given  to  a  rare  disease  of  the  hair  of  the  lieatl  which  occurs  in 
native  women  in  tlie  valleys  of  Cauca,  in  Columbia,  and  is  characterised 
by  the  presence  on  the  hair-shaft  of  from  one  to  ten  dark  nodules  about 
the  size  of  nits.  These  nodules  are  as  haid  as  stone,  hence  the  name 
"piedni"  (stone),  and  are  seated  on  the  side  of  the  hair  or  form  a 
eoncretion  around  it.  When  the  afllected  hairs  are  combed  these  nodules 
cause  a  peculiar  crepitant  or  crackling  noise.  The  nodules  are  entirely 
oatside  the  hair  cuticle  and  cjiuse  no  destruction  of  the  hair  itself,  or 
splitting  of  the  cortex  into  fibres  such  as  occurs  in  trichorrhexis  nodosa, 
a  disciise  with  which  piedra  was  at  one  time  confused.  Though  usually 
affecting  the  hair  of  the  scalp  in 'native  women,  it  has  been  observed  also 
on  the  eyelashes  and  on  the  be<ird  and  hair  of  the  head  in  men. 

A  microscopic  examination  of  the  nodules  shews  that  they  consist  of 

masses  of  spores  and  hyphje  of  a  peculiar  hyphoniycetic  fungus,  which 

Juhel-R^noy  and  Lion  succeeded  in  cultivating  on  artificial  media.     The 

origin  of  this  fungus  is  unknown,  but  it  hjis  been  suggested  that  it  may 

be  connected  with  the  mucilaginous  fluid,  resembling  linseed  oil,  with 

which   the   native  women   in   Columbia  dress  their  hair.      Under    the 

lieading  of  piedra  nostras,  Behrcnd  and  Unna  have  each  reported  ca.ses 

of  a  similar  affection  in  (Germany,  in  which  the  hairs  of  the  moustache 

were  affect<?d ;  and  Trachsler,  who  made  a  series  of  cultivations  of  the 

fongus  from  both  cases,  shewed  that  although  the  two  cases  were  indis 

tinguishablc  clinicidly,  they  were  the  result   of    two   diflt-rent    though 

dosely -allied  hyphomycetes.     Mr.  M  alec  dm  Morris  and  Dr.  Cheadle  have 

^■bo  recorded  a  case  of  a  peculiar  nodular  growth  on  the  hairs  of  the  beard 
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of  A  young  man,  to  which  they  g&ve  the  nume  oF  tinea  nodo«» ;  and  \k. 
Itarlcb'fl'e  Crocker  has  deacrilwd  a  Bimilar  case  aRcciing  tlie  luin  u(  tit 
iiiousluche.  In  these  casat  the  concretious  were  conipojied  of  apnm  ud 
niyceliitl  threads  cementeO  logetlier. 

The  relation  of  Cuhirahian  piedra  with  these  European  cmw  b 
tmcertain,  and  the  varieties  of  hyphomycctcs  which  are  capable  of  sonng 
the  concretions  on  the  hair  have  still  to  be  worked  out, 

TreaimeiU  of  piedra  is  similar  to  thnt  employed  for  the  »>tt«niii|;  ud 
removal  of  nits  {inde  vol.  viii.  1H<J9,  p.  8(i6).  The  scalp  huirs  shwild  h 
soaked  in  a  mixture  of  equal  parts  of  crude  paratiin  and  olive  oil  fw 
about  twelve  houra.  This  t-an  be  dona  by  saturating  the  hair  with  tin 
mixture,  covering  the  head  with  a  nightcap  fur  an  hour,  umI  tbni 
thoroughly  washing  with  soap  and  hot  water.  This  process  rfwidii 
be  repeated  till  the  nodules  have  disappieared.  Sponging  tlir  hair  wilt 
hot  corrosive  sublimate  lotion  (1  in  1000)  has  also  been  rccammeiided 
Iti  the  case  of  piedra  nostras,  in  which  the  brurd  or  inoiiittBcbe  9 
afTecied,  frequent  shaving  or  clipping  should  be  employed,  and  %  laiA 
parasiticide,  such  as  precipitated  sulphur  grs.  sv.,  salicylic  acid  grs.  %^  tnl 
vaseline  i^i.,  thoroughly  rubbed  in. 

KEFBRENCE3 

1.  Bbhkbsh.  "Ueher  TriehomycoBiB  No^oa*,"  Bwita.  «i«,  JfrjcAauAr.. IM p 
464.-2.  Chbaulk  nod  Morris.  Lanctl,  1879.  vol.  i.  (i.  Ii>0.~3.  JrHRi^EfciMif  mi 
Ll'iM.  ■' Trio  homy  cosis  nodoai,"  An*,  de  dermai.  et  di  t^ph.  ISM,  p  tWi-t- 
MoitiLis.  7'™-!!.  Path.  Sue.  London.  1879.  vol.  xss.  p.  441.— a,  KAUULirri 0«<nn 
•"naea.-atHlQSA:'  DiiKUa  of  the  SWn,  lltOfl.  [i.  1108.-8  TrtAi^u.-iLKiL  "O^bwilW 
reinnrDn  Untericbiede  zweier  F&lle  von  Pifdra  nostn'i."  Mtinatt. /.  pntit.  Derm.  UK 
ixii.  p.  1.— 7.  UNN.t.  "Twocases  oF  Piedra  noatru,"  U'viiti'a  FttudtrHt.  Mi*. 
18M  ;  ahstr.  Brit.  Jimm.  Derm.  1886,  vuL  p.  111. 


Nadura  Foot. — Syn. ;  Mycetoma,  fungus-foot  of  India,  Morfnts 
yeilis :  and  various  native  namus,  such  as  SUptfia  in  Bengali,  arid  Hal^i* 
piimi  in  Deccan,  designations  which  signify  "Urge-foot"  or  "elriduift 
foot,"  Kirina-gialt  or  "  dwelling  of  worms"  in  Rajputana,  and  GuiUvei^, 
"  egg-footi"  in  Bollary  (Stheube). 

Definilion. — Miidura  foot  is  a  disease  of  warm  climates,  principillj 
endemic  in  India,  usually  aflecl«  the  foot,  and  ia  charact«ri*td  fcf 
swelling  and  defurmity,  with  the  dogeneralion  of  the  atTectod  tinttetnil 
the  formation  of  cygts.  with  fistulous  u|>enings  on  the  surface,  eonUinitg 
an  oily  putrid  fluid  in  which  rayootic  a^reg^ilions  arc  siisjiondod. 

HUtoTij. — The  earliest  references  lo  lliis  disease  are  ti>  he  foandit 
the  writings  of  Kampfer  in  171 2,  but  at  that  time  it  was  confiued  «iA 
ele|>hantiasig,  and  it  was  not  till  more  than  a  century  later  tlixt  il  ■•> 
recognised  as  a  specific  disease  by  Godfrey  in  184:!,  under  the  hekdjnf^ 
"  Tubercular  disease  of  the  Foot "  (Manson).  It  is  to  Vandyke  Cu*, 
however,  that  we  are  imlebted  for  the  first  detailed  description  of  *• 
clinical  and  anatomical  features  of  the  disease,  atid  for  ihe  recognition  iif 
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granules  as  masses  of  fungus  in  the  discharges.  His  extensive 
*i*vations  on  the  disease  were  published  in  a  series  of  {xapers  between 
O  and  1874.  So  thorough  were  the  observations  embodied  in  these 
;i-s  that,  except  with  regard  to  the  parasitology  and  the  geographical 
'^ibution  of  the  disease,  com^mratively  little  advance  has  been  made 
Ime  subject  since,  and  subsequent  observers  have  only  corroborated 
La&boiuted  Carter's  views  upon  it 

Geograpluail  Dutribatwn. — Madura  fodt  is  chiefly  found  in  India, 
L^li  it  is  not,  as  was  originally  believed,  wholly  confined  to  that 
rmsula.     It  is  most  prevalent  in  the  western  half  of  India^  and  when  it 

ITS  in  the  east  it  is  believed  to  have  been  imported  there.  Its  distri- 
0¥i  is  curiously  limited  to  districts,  the  country  between  enjoying 
timity  from  it.  In  the  Madras  Presidency,  according  to  Hirsch,  it 
f  e  in  Madura — whence  it  takes  its  name, — Guntur,  Bellary,  Cochin, 
3 ore,  Trichinopoli,  Pondicherry,  and  various  other  places.  In  the 
abay  Presidency  it  is  found  on  the  slopes  of  the  Western  Ghats, 
»na,  Karachi,  Cutch,  and  Sind.  In  the  Bengal  Presidency  it  prevails 
i^ertain  districts  in  Kajputana,  Kashmir,  and  the  Punjab ;  and  in  the 
•rth-West  Provinces  it  is  found  in  Sirsa  and  Hissar.  It  has  been 
served  also  in  Colombo  in  Ceylon.  In  Africa  cases  have  been 
ported  from  Egypt  (Madden),  the  Sudan,  Madagascar,  Somaliland, 
^negambia  (Le  Dantec),  Morocco,  and  Algeria  (G6my  and  Vincent), 
id  Jibuti    on  the    Gulf  of  Aden  (Bouffard).      It  has  been    observed 

Canada  (Adami  and  Kirkpatrick),  in  the  United  States,  and  in  South 
tnerica  in  Nicaragua  and  Chile.     It  has  been  found  in  the  West  Indies 

Cul)a.     In  Italy  a  case  was  recorded  at  Padua  by  Bassini. 

The  large  number  of  cases  which  have  been  recently  reported  from 
QTtirent  parts  of  the  globe  indicate  that  the  disease  has  a  distribution  in 
)pical  countries  which  is  probably  far  wider  than  is  known  at  the 
Qsent  time. 

Etidogy. — Madura  foot  is  essentially  a  disease  of  agricultural  districts, 
i  attacks  the  bire-footed  native  labourers  in  the  fields  and  plantations. 
d«>e8  not  attack  the  European  in  India  because  of  the  better  hygienic 
iditions  in  which  he  lives,  and  the  protection  afforded  by  the  wearing 
boots.  It  is  more  prevalent  in  men  than  in  women,  an<l  chit?Hy  about 
Iflle  age.  It  attacks  many  of  the  native  races,  and  the  diverse  lati- 
68  in  which  it  occurs  prove  that  climate  plays  little  ])art  in  its  etiology. 
18  caused  by  the  presence  in  the  skin  and  underlying  tissues  of  a 
sptothrix  closely  allied  to  but  differing  from  the  ra\  -fungus  of  actino- 
cosis.  The  name  StrepUtthrix  madurtT  has  been  giv(jn  to  it  by 
icent.  This  fungus  forms  the  fish-roe-like  granules  of  the  white 
ietv,  which  is  the  common  form  of  the  disease.  ^N'ith  regard  to  the 
gU8  of  the  black  variety  there  is  considerable  variance  of  opinion, 
vain  observers  believing  it  to  belong  to  a  different  species,  while  others 
mthack)  rejrard  it  as  a  degenerative  condition  of  the  fundus  of  the 
ito  variety.*      The  latter  o[)inion  is  most  generally  accepted,  and  is 

For  a  detailed  description  of  the  Streptolhrix  infinitious,  see  V^ol.  II.  Part  I.  ]».  302. 
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])orne  out  by  the  occurrence  of  the  black  and   yellow  granules  in  ute 
siime  case  and  also  in  different  cases  in  the  same  district  (Boocaro). 

The  precise  habitat  of  the  StrejMhrir  madurtf  is  at  present  unknovn 
Though  most  probably  it  has  a  saprophytic  existence,  it  has  not  m 
been  detected  in  the  soil  or  in  decaying  vegetable  matter.  Its  wide 
distribution,  however,  proves  that  it  may  be  present  in  soils  wbo« 
characters  and  flora  are  widely  difterent. 

Some  abrasion  of  the  skin  is  doubtless  necessary  to  billow  the  fangui 
to  penetrate  the  skin,  such  as  may  be  caused  by  wouiids,  the  biteii  ^ 
stings  of  insects,  and  pricks  from  the  spines  of  plants.  It  has  ben 
suggested  by  Boccaro  that  in  Sind  the  spines  of  a  certain  form  of  Aaictt 
are  responsible. 

Morbid  Amtomy. — On  section  the  whole  foot  is  found  to  have  becune 
softened  and  the  tissues  fused  into  a  more  or  less  homogeneous  maasw  It 
is  easily  cut  through,  and  is  then  seen  to  contain  a  network  of  Guak 
and  cysts,  varying  in  size  from  a  pin*s  head  to  a  pigeon's  ^g.  These 
canals  and  cysts  are  connected,  and  open  on  the  surface  in  fiuinel-shaped 
fistulous  orilices.  They  are  lined  with  fibrous  tissue,  and  contain,  in  the 
white  variety  of  the  disease,  cheesy  masses  of  yellow  or  gre^nsh  granules 
like  fish-roe  ;  in  the  black  variety  dark  brown  friable  imisses  like  tnifflff 
(Manson) ;  and  in  the  red  variety  either  pinkish  aggregations  or  an  oily 
fluid  without  granules  (Lewis  and  Cunningham).  These  cysts  arc  anated 
chiefly  about  the  subcutineous  tissue,  but  are  also  found  in  the  positioo 
of  tlie  muscles  and  of  the  l)ones,  which  have  either  disappeared  or  ha« 
become  softened  and  beset  with  cavities. 

Micrusmpk  sections  of  tlie  nodules,  before  they  have  softened,  preNBt 
an  architecture  recalling  that  of  the  foci  of  tuberculosis.  TJiey  are  the 
result  of  the  reaction  of  the  tissue  to  the  presence  of  the  streptothrix. 
In  the  centre  of  the  nodule  there  is  a  mass  of  ray-fungus,  which  is  o^al 
or  roundish  in  shape,  or  takes  the  form  of  a  crescentic  rosette.  Surnwwl- 
ing  the  fungus  there  is  a  dense  infiltration  of  small  cells,  consisting  chiefH' 
of  leucocytes  and  small  fibroblasts;  more  externally  there  is  a  laycr<rf 
laigei*  cells,  made  up  of  plasma-cells,  connective- tissue  cells,  and  a  few 
giant-cells,  with  here  and  there  some  deposition  of  pigment ;  encla-in;: 
the  whole  is  a  layer  or  ciipsule  of  dense  fibrous  tissue.  Around  and 
]>etween  the  nodules  there  is  obvious  inflammatory  oedema  of  the  tiww. 
with  thickening  of  the  walls  of  the  bloo<l- vessels  ar.d  thrombofiii^ 
These  nodules  in  the  process  of  softening  undergo  various  degenenti^ 
changes,  which  explain  certain  discrepancies  in  the  descr]pti(»n  of  ihtf 
histoloi^y  of  the  disease  by  the  various  writers  on  the  subject  (Kantbact 
Boyce,  Uinia,  l)el]>anco). 

In  tissue  from  a  case  of  maduni  foot  I  found  that,  when  the 
nodule  had  softened,  the  granulomatous  structure  was  repbced  by  * 
dense  deposit  of  polymorphonuclear  leucocytes  and  dt'bris,  in  the  mkl^' 
of  wliieh  were  irregular  aggregations  of  the  fungus,  and  that  plasnuKdl-*' 
connective-tissue  cells,  and  white  fibrous  bundles  in  a  state  of  colliquative 
degeneration  could  be  detected  only  at  the  periphery  of  the  lesioa 
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Symptoms, — As  indicated  by  its  name,  the  foot  is  the  part  which  is 
generally  affected  in  this  disease,  and  the  right  foot  oftener  than  the  left. 
Through  some  slight  abrasion  of  the  sole  or  other  part  of  the  foot,  the 
primary  inoculation  takes  place,  and  this  results  in  the  formation  of  an 
indurated  circumscribed  swelling  about  the  diameter  of  a  threepenny- 
piece.  The  initial  lesion  is  comparatively  rarely  seen  by  the  medical 
man,  as  the  native  either  takes  no  notice  of  it  or  does  not  present  himself 
for  treatment  till  the  disease  is  well  advanced.  The  primary  lesion  runs 
tn  indolent  course,  and  may  or  may  not  be  associated  with  pain.  After 
%  couple  of  months  it  begins  to  soften  and  break  down,  gra<lually  forming 
in  the  centre  a  fistulous  opening,  from  which  oozes  a  purulent,  viscid, 
sind  oily  discharge,  in  which  granules  of  different  colours,  according  to  the 
rariety  of  the  disease,  are  suspended.  The  granules  may  be  grey  or 
yellow  in  colour  like  fish-roe,  and  vary  in  size  from  mere  specks  to 
Aggregations  as  large  as  a  pea ;  they  may  be  brown  or  black,  resembling 
Doarse  gunpowder  ;  or  in  exceptional  cases  they  may  be  red  in  tinge. 
Hence  it  is  customary  to  divide  this  disease  into  three  varieties,  namely 
(1)  the  white,  yellow  or  ochroid  variety,  (2)  the  black  or  melanoid 
variety,  and  (3)  the  red  variety. 

Gradually  new  nodules  similar  to  the  primary  lesion  appear,  and 
undergo  the  same  changes.  These  gradually  increase  in  numl)er,  and 
render  the  skin  of  the  foot  irregular  and  tuberculated.  They  vary  in  size 
from  a  small  shot  up  to  a  fill^ert,  and  are  in  different  stages  of  evolution, 
■ome  being  solid,  while  others  have  softened  or  become  converted  into 
fistulous  openings  more  or  less  blocked  up  by  vegetations.  The  foot 
itself  becomes  greatly  swollen  and  deformed.  It  becomes  twice  or  three 
times  as  broad  as  in  health,  the  sides  become  rounded,  giving  it  an  oval 
shape,  the  arch  disappears,  the  sole  becomes  convex,  and  the  toes  raised 
ap  80  that  the  patient  is  unable  to  place  the  heel  and  the  toes  on  the 
ground  at  the  same  time.  The  ends  of  the  fibula  and  tibia  also  become 
thickened,  causing  swelling  of  the  ankle.  To  the  touch  the  skin  feels 
peculiarly  elastic,  and  the  whole  foot  gives  the  impression  of  a  solid 
homogeneous  mass.  This  is  the  result  of  a  process  of  softening  which 
has  attacked  all  the  tissues  >vith  the  exception  of  the  tendons  and  fascial, 
even  the  bones  l)eing  invaded  and  becoming  honeycombed  with  cavities. 
A  probe  introduced  into  one  of  the  fistulous  canals  can  generally  be 
passed  in  all  directions  without  meeting  any  definite  resistance.  The 
affected  skin  may  be  sensitive  to  the  touch,  but  there  is  comparatively 
little  pain  in  the  disease,  even  when  the  probe  is  ])assed.  Above  the 
diseased  area  the  leg  becomes  thin  and  atrophic,  which  is  all  the  more 
noticeable  in  comparison  with  the  swollen  foot.  The  glands  in  the 
popliteal  space  and  inguinal  region  may  be  enlarged,  but  this  is  not  due 
to  a  metastasis  of  the  disease,  but  simply  to  septic  absorption. 

The  inevitable  result  is  that  the  foot  becomes  useless,  and  the  native 
is  compelled  to  adopt  some  mode  of  locomotion  which  does  not  necessitate 
patting  the  foot  on  the  ground. 

Though  in  the  majority  of  cases  the  foot  is  the  part  attacked,  the 
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disease  occasionally  affects  other  regions  such  as  the  knee,  band,  oeek. 
and  jaw. 

The  disease  runs  a  slow  course.  At  first  it  does  not  interfere  to 
any  extent  with  the  general  health  of  the  sufferer,  as  it  is  a  purely  local 
affection,  and  does  not  invade  the  internal  organs ;  but  gradually  froa 
various  secondary  causes,  such  as  septic  absorption,  ansemia,  or  poverty 
and  starvation  from  loss  of  work,  the  patient,  after  a  course  of  ten  to 
twenty  years,  succumbs  from  exhaustion  or  some  intercurrent  disease. 
Nothing  seems  to  stop  the  progress  of  the  disease  when  once  it  \a> 
become  established.  Cases,  however,  have  been  recorded  in  which  it  bai^ 
been  arrested  very  early  ;  two  such  instances  of  healing  have  recently  r>een 
reported  by  Brumpt  in  cases  of  the  black  variety  in  SomaliLind. 

Diagjwsis. — Occasionally  the  diagnosis  of  early  cases  of  madura  foot  inm 
elephantiasis,  tuberculosis,  syphilis,  or  leprosy  may  present  some  diffi- 
culties ;  but  further  observation  of  the  case,  the  characteristic  deformity, 
the  presence  of  fistulous  openings,  and  the  discharge  laden  with  mycotic 
aggregations,  should  serve  to  distinguish  them  easily.  From  actino- 
mycosis the  diflcrential  diagnosis  may  prove  more  difficult.  Actiinv 
mycosis,  however,  is  a  disease  which  is  transmitted  from  animals  to 
man,  and  can  be  inoculated  in  animals  ;  it  occurs  in  temperate  latitude^ 
often  runs  a  rapid  course,  affects  internal  organs  and  mucous  membranes, 
and  has  yellow  granides  in  its  discharges ;  madura  foot  is  confined  to 
man,  has  not  been  successfully  inoculated  in  lower  animals,  occurs  in  the 
tropics,  runs  a  slow  course,  does  not  become  generalised,  and  presents 
granules  of  various  colours. 

The  hratmeiit  of  mycetoma  is  most  unsatisfactory.  In  early  cases 
the  disease  may  jwssibly  be  arrested  by  cauterisation  or  excision  of  ibe 
initial  lesion,  l)ut  when  the  disease  is  well  advanced  partial  or  complete 
amputation  is  necessary,  the  incision  being  made  through  the  healthy 
tissue  beyond  the  lesion.  The  prognosis  after  extirpation  is  good  with 
regard  to  recurrence,  since  the  disease  is  local.  Collas  reports  116 
successful  results  out  of  127  cases,  and  only  2  relapses  (Scheube).  There 
is  no  specific  medicinal  trejitment  for  the  disease,  and  even  iodide  ol 
potassium,  of  undoubted  value  in  actinomycosis,  seems  to  have  little  or 
no  influence  on  madura  foot. 
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IV.  Skin  Affections  due  to  Animal  Parasites 

minimal  ])arasites  play  a  more  im[)ortant  part  in  the  aiusation  of  skin 
affections  in  tropical  than  in  European  countries.  This  is  explained  not  so 
much  by  climatic  conditions  as  by  the  native's  dirtiness,  overcrowding, 
defective  sanitary  conditions,  scanty  clothing,  and  bare  feet,  which  render 
him  much  more  liable  to  infection  than  the  European.  Of  the  skin 
diseases  due  to  animal  parasites  only  three  need  be  specially  considered 
'here  ;  namely,  craw-craw,  water-itch,  and  those  caused  by  the  sand-flea 
or  jigger. 

Craw-cpaw  is  a  generic  name  which  has  been  applied  indiscriminately 
both  by  white  men  and  natives  in  West  Africa  to  a  variety  of  skin 
affection  characterised  by  itching  and  more  or  less  pustulation.  Dr.  O'Neil, 
who  first  employed  the  term  in  1875,  described  under  the  heading  of 
** Craw-craw"  or  "Kra-kra^'  a  vesico- pustular  affection,  resembling  in- 
veterate scabies  in  its  clinical  characters  and  distriliution.  In  the  vesicles 
of  it  he  detected  a  small  filaria  which  he  believed  to  be  specific.  Sir  V. 
Hanson  subsequently  recognised  the  filaria  as  the  embryonic  form 
of  the  F.  persfans  which  is  common  in  the  countries  where  craw-craw 
is  endemic,  but  he  does  not  regard  the  filaria  as  being  the  cause 
of  the  disease.  Dr.  Bennett  stated  that  the  uneducated  natives  of 
Old  Calabar  gave  the  name  craw-craw  to  practically  all  skin  diseases, 
while  the  intelligent  natives  limited  its  application  to  three  conditions, 
namely,  leprosy  or  bad  craw-craw,  tinea  circinata  or  Krooboy's  craw- 
eraw,  and  craw-craw  proper,  a  papulo-vesicular  disease  which  he  believed 
to  be  a  pustular  eczema.  Plehn  has  also  described  under  this  heading  a 
papular  dermatitis  in  natives  on  the  Cameroon  Coast,  chiefly  attacking 
the  inside  of  the  thigh.  Emily  has  used  the  name  on  the  French 
Congo,  and  applied  it  to  a  chronic  pustular  lesion  which  began  as  a 
reddish-brown  spot,  became  excoriated  by  scratching  and  transformed 
into  a  superficial  ulcer,  the  floor  of  which  gradually  became  covered  with 
pale  granulations  secreting  a  thick  tenacious  pus.  A  mop(|uito  bite  has 
been  blamed  for  the  production  of  the  lesions,  but  it  seems  more  probable 
that  the  mosquito  bite  or  other  abrasion  gave  entrance  to  some  specific 
Tims,  Sir  P.  Manson  has  observed  a  similar  affection  in  India  and 
South  China,  and  has  noted  the  close  similarity  which  it  be;irs  to  veld 
lores.  The  above  are  a  few  of  the  applications  of  the  term  craw-craw,  but 
there  are  many  others,  and,  except  as  an  interesting  native  name,  it  might 
veil  be  abandoned. 
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Water -Iteh. — Syn.  Coolie-itch,  Grou7td-ikliy  JFater-sore,  Son  Z'^' y 
AsiuiMy  Panighno,  Cutaneous  anki/lostomiasis. 

Water-itch  is  a  form  of  veisicular  dermatitis  which  attacks  the  feet  of 
coolies  workin*^  in  the  tea-gardens  in  Assam  during  the  wet  season. 
According  to  Dr.  Elliot  it  is  more  prevalent  in  Upper  Assam  th*D  ii 
the  provinces  of  Sylhet  and  Cachar.  It  has  been  described  also  in  Britub 
Hondunis  (Browne),  the  West  Indies,  and  the  Southern  United  Suus 
(Smith),  and  has  probably  a  much  wider  distribution. 

In  Assam  after  heavy  rains  as  many  as  5  per  cent  of  the  coolies  nur 
be  incapacitated  from  work  by  this  disease.  It  almost  invariably  attada 
the  feet,  and  only  occasionally  the  legs.  It  begins  with  itching,  followed 
by  swellini;  of  the  feet,  which  gradually  increases  up  to  the  second  di}, 
when  walking  becomes  painful  and  the  eruption  appears.  This  consistt 
of  red  macules  or  slightly  raised  papules,  which  rapidly  become  vesida 
about  the  size  of  lentils.  The  lesions  are  situated  either  singly  or  in 
herpetiform  groups  about  the  sole,  dorsum  of  the  foot,  or  interdigital 
spaces  (Elliot).  The  vesicles  usually  develop  into  pustules,  and  these 
in  turn  may  form  small  ulcers,  or  in  unfavourable  circumstances  through 
secondary  inoculation  become  gangrenous.  The  affection  is  fre^juentlj 
associated  with  amemia.  In  ordinary  cases  it  is  not  a  very  serious  disxsL^ 
from  the  patient's  point  of  view,  but  it  is  of  vast  importance,  for  economic 
reasons,  to  the  planter. 

Etiologif. — Water -itch  occurs  almost  exclusively  in  the  wet  sea*™, 
and  is  at  its  woi*st  after  a  heavy  rainfall,  when  the  plantations  ait 
covered  with  liquid  mud.  The  coolies  working  in  the  parts  of  the 
plantations  near  the  habitations  suifer  more  from  the  disease  tluui 
those  at  work  on  the  outside,  and  it  is  much  more  prevalent  in 
the  old  plantations ;  a  prevalence  attributed  to  the  greater  contamina- 
tion of  the  mud  with  human  excrement  near  the  habitations  and 
in  plantations  which  have  existed  for  a  number  of  years.  Variou* 
suggi^stions  have  been  made  with  regard  to  the  cause  of  this  disease. 
In  1901  Di'.  Dalgetty  described  an  acanis  which  he  believed  to  be 
responsible  for  it;  but  this  opinion  is  not  generally  accepted,  and  itii 
doubtful  whether  the  acarus,  to  which  the  name  of  Rhiz(fglyphus  jMtrasUktt 
was  given,  is  pathogenetic.  Recently  a  new  interest  in  the  subject  hai 
b»*tMi  awakened  ]>y  the  experiments  and  discovery  of  Looss,  SchaudiiUv 
and  others,  that  the  embryos  of  ankylostoma  are  capable  of  penetrating 
the  skin,  and  so  producing  ankylostomiasis.  Bentley  has  asserted  that 
he   has  produced  an   eruption    of  water-itch   by  rubbing  into  the  skin 
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6arth  infected  with  tlie  embryos  of  the  A.  duaienale.  In  the  tea-gardens 
in  Assam  a  large  percentage  of  the  coolies  suffer  from  ankylostomiasis, 
And  their  excrement  is  impregnated  with  the  ova.  In  the  wet  weather 
these  are  hatched,  and  the  larvae  may  easily  penetrate  the  bare-footed 
coolies*  skin,  which  is  macerated  and  sodden  from  tramping  about 
in  the  slush.  In  its  passage  through  the  skin  the  embryo  is  said  to 
cause  the  eruption,  and  the  ulceration  and  phageda^na  which  may  super- 
vene are  regarded  as  the  results  of  secondary  pyogcnetic  inoculation. 
This  attractive  hypothesis  requires  further  corroboration,  however,  befoi'e 
it  can  be  definitely  accepted  {ride  p.  898). 

The  treatment  of  the  disease  consists  in  daily  bathing  the  feet  in  warm 
carbolic  lotion  (1  in  40),  opening  the  vesicles  and  dusting  on  boro-iodo- 
form  powder.  When  open  sores  are  present  antiseptic  dressings  should 
be  used.  Until  the  feet  have  healed  the  coolie  cannot  work,  and  should 
be  confined  in  the  tea-garden  hospital,  for  otherwise  the  treatment  is  apt 
to  be  a  failure  through  want  of  co-operation  of  the  psitients.  In  several 
tea-gardens  the  coolies  are  made  to  wear  **  kun-ams  "  or  sabots  with  high 
heels  at  each  end  which  raise  the  feet  from  the  ground.  Where  these 
are  in  use  the  number  of  cases  of  water-itch  has  been  largely  reduced. 
Indeed,  any  protective  covering  for  the  feet  is  a  preventive.  In  a  recent 
communication  Sir  P.  Manson  refers  to  the  use  of  green  Barbados  tar 
lor  this  purpose  in  the  West  Indies,  where  it  has  proved  of  great  value. 
Every  morning  the  feet  and  legs  of  the  coolies  are  painted  over  with  the 
tar,  and  they  are  then  made  to  walk  through  fine  sand  or  sawdust,  which 
adheres  to  the  tar  and  forms  an  impermeable  covering. 
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The  Sand-Flea  op  Jigrgrer,  Sarcopsi/lla  ^temtmns  (//.),  was  originally 
confined  to  tropical  America  and  the  West  Indies,  but  was  carried  on 
ships  from  Brazil  to  West  Africa,  whence  it  spreiul  rapidly,  and  now 
prevails  in  many  parts  of  that  continent. 

The  jigger  is  somewhat  smaller  than  the  ordinary  flea  {Pulex 
wrUans)  and  inhabits  sandy  soil  and  the  dust  of  native  huts.  It  readily 
attacks  any  warm-blooded  animal.  It  is  the  impregnated  female  which 
is  responsible  for  the  irritating  eruption  in  man.  The  female  {S. 
feneiranx)  burrows  obliquely  into  the  epidermis  till  only  its  posterior 
legment  is  visible,  and  there  it  remains,  nourished  by  its  host,  till  the  ova 
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mature.  It  is  visible  as  a  small  dark  spot  in  the  centre  of  a  nodule  or 
broken  blister.  'Most  commonly  it  attacks  the  soles  of  the  feet,  inter- 
digital  clefts,  and  the  skin  about  the  roots  of  the  nails.  Ite  pn^nce 
is  associated  with  irritation,  inflammation,  and  occasionally  suppuratiuo; 
and  from  secondary  inoculations  the  lesions  may  be  the  starting-point  of 
phagedsenic  sores,  erysipelas,  and  even  tetanus.  After  the  eggs  nuture 
they  are  expelled  and  fall  into  the  ground,  and  the  female  jigger  diet 
and  shrivels  up  in  the  skin  or  is  cast  off. 

The  treatment  consists  in  removing  the  insect,  intact  if  possible,  »n 
operation  which  the  natives  become  very  skilful  in  <ioing.  The  smaU 
ulceration  which  is  generally  left  is  treated  with  antiseptic  lotions  or 
dusting  powders.  Should  any  portion  of  the  flcii  remain  it  is  ad\iiAble 
to  touch  the  part  with  pure  carbolic  acid  and  dress  the  pirt  subsequentij 
with  mercurial  ointment.  As  prophylactic  measures  in  districts  where  it 
occurs,  the  rooms  and  huts  should  be  carefully  swept  to  remove  the  dust 
which  harbours  the  insect,  the  skin  should  be  anointed  frequently  wiik 
oil  of  cloves,  and  the  feet  protected  by  stockings  and  sandals. 

Lesions  produced  in  the  skin  by  the  larvse  of  certain  flies  ud 
the  bites  of  ticks  and  leeches. — In  the  tropics  various  types  of  local 
cutiineous  lesions  may  result  from  the  presence  in  the  skin  of  the  knaf  of 
certain  flies,  and  from  the  bites  of  ticks,  mosquitoes,  certain  large  spidin> 
scorpions,   and   leeches.       These   lesions   vary    from    wheals    to   jaiFiiiil 
suppurating  sores,  according  to  the  character  and  virulence  of  the  poi«B 
introduced  by  the  bites.     Of  these  special  reference  need  only  he  nude 
here  to  the  lesions  produced  by  the  bites  of  ticks,  and  by  the  presemi?  in 
the  tissue  of  the  larval  stage  of  certain  tropical  flies. 

Myiasis  (from  /xi-ta,  a  fly)  is  a  comprehensive  name  applied  to  ^ 
diseases  caused  by  the  presence  in  the  tissues  of  the  larvae  of  certiia 
flies.  These  flies  deposit  their  eggs  either  on  the  skin  or  on  the  mucow 
membrane  of  the  nose  or  external  auditory  canal ;  they  are  rafwllj 
hatched,  and  the  larvaa  set  up  more  or  less  serious  pathological  changes, 
either  in  the  skin  and  mucosie  or  by  boring  down  in  the  neighbonriiu: 
tissues.  (For  an  account  of  bloodsucking  and  other  flies  known  or  likclj 
to  be  concerned  in  the  spread  of  disease,  see  p.  169.) 

The  larva  responsible  for  the  most  severe  effects  is  the  socalW 
" screw- worm,"  wiiich  is  the  larval  stage  of  a  "blue-bottle"  fly,  knovnas 
LvrHia  macellarui  Fabricius,  belonging  to  the  family  of  the  muscids.  Tiu* 
fly  occurs  principally  in  South  America,  but  it  has  also  been  encounterrf 
in  North  America,  Cochin-China,  and  Tonkin  (Depied).  The  Un*  ^ 
white  in  coloui*,  ineasiucs  al)out  1 4  mm.  in  length,  and  has  a  8cre*"-lik« 
.'tppearance  owing  to  the  presence  on  its  surface  of  irregular  rings  « 
small  horny  spines.  This  fly  attacks  man  as  well  as  domestic  animA 
and  deposits  its  eggs  on  the  skin  or  on  the  nasal  mucosa  or  auditor)' s^' 
of  natives  sleeping  in  the  open  air.  On  being  hatched  the  lamu  c«ii« 
compiratively  little    harm  in   the    skin  beyond  setting   up    a  painW 
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I ;  but  when  they  occur  in  the  natural  cavities  they  generally 
into  the  surrounding  tissues,  passing  through  muscles,  cartilages, 
n  reaching  the  bones,  and  cause  serious  inflammatory  disturbance, 
frequently  in  such  cases  a  fatal  result  may  follow,  either  from 
nia  or  from  the  penetration  of  the  larvae  into  the  brain  and  the  pro- 
of meningitis.  Of  the  larvae  which  have  their  habitat  in  the  skin 
best  known  are  the  "Ver  du  Cayor,"  and  the  "  Ver  macaque/' 
"  Ver  du  Cayor  "  is  the  larva  of  the  Ochryomyia  anthropophaga  K 
which  is  very  prevalent  in  the  Cayor  district  of  Senegambia  towards 
of  tlie  dry  season.  The  genital  organ  of  the  female  fly  is  provided 
small  process  by  which  the  skin  of  man  and  various  domestic 
is  pierced,  and  in  this  abrasion  the  eggs  are  deposited.  Certain 
*8  have  asserted,  on  the  other  hand,  that  the  eggs  are  deposited 
land  and  are  hatched  there,  the  larvae  getting  into  the  skin  subse- 
(Scheube).  The  presence  of  the  larvae  in  the  skin  causes  the 
>n  of  a  small  furuncle,  which  matures  in  about  a  week,  breaks, 
it  to  a  larva  which  is  greyish-white  in  colour,  composed  of  nine 
s,  and  is  about  12  mm.  in  length. 

"  Ver  macaque "  is  the  larva  of  a  gad-fly,  named  the  Derma- 
aniventris  Macquart,  syn.  D,  noxialis  Brauer,  which  is  found 
ral  America,  Mexico,  and  Brazil.  K.  Blanchard  has  shewn 
3  fly  has  two  larval  stages,  the  first,  which  is  club-shaped  and 
n  as  the  Ver  macaque,  and  a  further  stage,  which  is  worm-shaped 
called  Be  rue  or  Torcel.  When  the  larvae  are  present  in  the 
y  set  up  inflammatory  swellings  and  abscesses,  which  may  reach 
t  of  a  pigeon's  egg,  and  have  been  termed  "gad-fly  boils." 
jadily  break  down  and  discharge  a  sera-purulent  fluid  containing 
k  faeces  of  the  larvae.  Skin-lesions  of  this  type,  produced  by  the 
flies,  have  been  reported  from  various  countries,  but  the  precise 
h  is  responsible  in  each  has  still  in  many  cases  to  be  identified, 
.mple,  cases  have  been  recorded  in  British  East  Africa  (Kolb), 
East  Africa  (Nagel),  Ijagos  (Strachan),  and  also  in  the  northern 
J  of  Norway  and  the  Shetland  Islands. 

tmeni, — The  treatment  of  these  lesions  must  be  prompt  and 
b.  For  the  screw-worm  afiection,  the  diseased  cavity  should  be 
I  with  1  in  20  carbolic  solution,  or  swabbed  out  with  pure 
Should  the  larvie  have  reached  the  frontal  sinus,  inhalations  of 
rm  have  been  recommended  to  kill  them  (Jeanselme),  and  the 
liould  be  opened  up  to  permit  of  free  irrigation  and  the  expulsion 
irasites.  The  boils  resulting  from  the  various  larvae  in  the  skin 
be  treated  on  ordinary  surgical  principles  and  be  freely  opened, 
ents  being  expressed,  and  should  then  be  thoroughly  irrigated. 
1,  tobacco  juice  is  allowed  to  trickle  into  the  small  opening  which 
3ntly  present  in  the  boils  ;  this  causes  the  larva  to  protrude,  and 
:hen  be  expressed  (Scheube) ;  a  similar  treatment  is  employed 
latives  in  Paraguay  (Lindsay). 


systejV  of  medicine 

Ixodiasis  ie  the  term  which  has  beeu  applied  to  tbi3  directions  nuwd 
in  man  and  the  lower  animals  liy  the  bites  of  certain  ticks  \}it^Mi*) 
The'ticks  belong  to  the  order  Aeari,  of  which  the  Sareapta  m^Hn  U  i 
familiitr  member.  The  lesiona  caused  in  the  skin  by  their  Uta  tn 
oompiiratively  trivial.  Certain  of  them,  like  the  sheep -tick  (W" 
redaviux  Linn.),  can  peneti-ate  the  skin  like  the  acaiiis  of  iiciibiea,  IfUt  tkc 
majority  pierce  the  epidermis  only  with  their  jirobosvcs,  aud  do  M 
become  imbedded.  There  is  as  a  rule  little  diaccinifort  from  lb 
bite  of  the  tick,  but  soon  afterwards  an  irritable  wheal  ie  fomwd, 
probably  as  the  result  of  the  injection  of  poisonous  salivary  Hiiid,  and  v 
the  tick  gorges  itself  with  blood  the  irritation  increases.  As  far  u  tkc 
skJTi  is  concerned  the  chief  danger  of  tick  bites  is  that  thev  may  be  Hit 
seat  of  the  secondary  inoculation  of  pyogonetic  micro-organisms  or  of  tfe 
vinis  of  certain  diseases.  On  the  other  hand,  the  patbugenetJc  imjiMtMm 
of  the  tick  bite  has  recently  been  greatly  emphasised  by  the  proof  tbt 
the  tick  is  the  intermediaiy  host  for  the  transmission  of  various  a 
febrile  diseases,  such  as  the  "Miana"  of  Persia,  and  Human  Tick 
{vide.  p.  301). 

TreaimeaK — When  the  tick  becomes  fixed  to  the  skin  by  its  rm 
it  should  lie  made  to  detach  itself  by  putting  a  drop  of  tiirpentiae  or 
benzene  on  it ;  it  should  not  be  forcibly  removed  lest  the  ]irubo«dii  ' 
broken  off  and  left  in  the  skin.  As  preventive  measures,  the  comen  ul 
rooms  where  ticks  aboimd  should  be  frequently  sprayeil  ivith  kefMin^ 
and,  if  necessary,  fumigated  with  sulphur,  and  precipitated  sulphur 
be  dusted  between  the  bed-sheets.  Insteiul  of  precipitated  sulpbor  ite 
powder  of  pyrethnim  flowers  has  been  employed  for  this  purpose  fSasilml 

For  IfKh-biJrs  see  p.  !)n9. 
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S.    koLR.     Keitrige  xa   oiner  geogtspbLiclKjn    PathoI(H£i<'    llril. -uit.    A&-,  OM^ 
1897,  p.  28(iin<it«d   from   Schtube).— 6.   Lindsay.     "■Myiisis:   lli-   Sctow-"*— 
Jourit,   of   Trop.  Mtd.,   1902,   v.    p.  220,-7.   Massok.     "  MyiisiB     - -*  '—- "■ 
Tn>p.  £Hm.,  3rd  edit.  1908,  p.  709.— 8.  Naobl.     "Ein  Kail  von  " 

ostroia."  AuJmA.  jnal.    WodimMhr.,  1897,  p.  829.— 9.   Sahbun.         

Fcvera,"  Journ.  of  Trop.  Mtd..  1899,  ii.  p.  217.— 10.  SrHKunit.  Jhttana  «f  Wti^ 
CauiUrUi,  Eng.,tnin5.,  1903,  p.  448.-11.  Sthachan.  ■■  Notes  IWim  l.rfgo^*'Ji»* 
of  Tfop.  Mid.,  1898.  i.  p.  -207. 


V.  Skin  afTections  due  to  the  Climate  of  tbe  Tropics 
Of   the  various  akin  affections  wliich  attack  the   white  uud  in  i** 

tropics  some  are  directly  or  indirectly  dependent  uti  the  climate^  a»l  <i 

these  the   most  important  are   solar   dermatitis  or  ecEema  Mdan  »■ 

prickly  boat  or  lichen  tropicus. 

Prickly   Heat.— For  a  description  of  this  affection  rvU   Vol.  VIII. 

1899,  p.  713, 
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^P  Solar  Dermatitis  is  an  affection  of  the  ekin  of  the  nature  of  itcut« 
^^enia ;  it  attacks  the  exposed  parte,  especially  the  face,  and  results 
from  the  irritation  caused  by  intense  aunlight.  In  mild  coeee,  after  a 
Utont  period  of  6  to  12  hoiirs  after  tfae  exposure  to  the  sun,  the  skin 
begins  to  smart  and  becomes  hot  and  tense,  and  an  er3-thema  iis^ociateii 
with  slight  cedenia  appears.  Left  to  itself  the  inflammation  usually 
subsides  in  about  48  hours  and  is  followed  by  desquaroation  and  transient 
(lignientation  of  the  affected  area.  In  severe  cases  the  cederoa  is  excessive 
and  may  go  on  to  vesiculation,  forniatiun  of  hnlltc,  and  weeping.  The 
loose  tissue  below  the  eyes  becomes  so  ccdematons  that  the  eyes  arc 
almwt  closed  u[i,  and  the  pain  may  be  us  great  as  in  erysipelas,  for  which 
the  condition  may  be  mrslnken.  In  such  cases  about  a  week  elapses 
liefore  the  inflammation  disappears. 

It  has  long  been  known  that  this  affection  is  not  the  residt  of  the 
heat-i-aya  from  the  sun,  but  is  caused  by  the  chemical  or  actinic  rays  at 
the  viulot  end  of  the  solar  spectrum.  This  was  pointed  out  iis  early 
as  185S  by  Charcot,  who  demonstrated  it  expirimentally,  and  his 
observations  have  been  frequenLly  confirmed.  The  dermatitis  is  not 
pectdiar  to  the  tropics,  but  may  occur  even  in  cold  climates  from  the 
reflected  light  from  Bnow-fields  where  the  temperature  is  below  zero  and 
the  heatrrays  have  been  eliminated.  The  degree  of  dermatitis  depends 
UK  the  intensity  of  the  light  and  on  the  type  of  skin  of  the  individual 
affected.  Dark  races  do  not  suffer  from  it,  as  their  skin  is  protected 
by  pigment,  which  prevents  the  penetration  of  the  powerful  actinic  rays. 
Where  the  sunlight  is  most  intense  the  native  is  most  deeply  pigmented. 
In  Central  Africa,  for  example,  the  native  is  almost  jet  black  ;  farther 
away  from  equatorial  sun,  as  in  Abyssinia,  be  becomes  dark  brown  ;  in 
.Morocco  a  lighter  brown,  in  Southern  Europe  olive,  in  Central  Europe 
brunette,  in  Scandinavia  blonde.  The  actinic  rays  stimulate  ihe  skin, 
ciiusing  the  production  and  deposition  of  p'gmcnt  granules  in  the  deeper 
layere  of  the  epidermis.  For  this  reason  the  European  becomes  bronzed 
aft«r  H  comparatively  short  residence  iti  the  tropics.  Great  interest  has 
recently  been  aroused  on  this  subject  by  the  researiihes  of  Finsen,  and  the 
application  of  the  actinic  rays  in  the  treiitment  of  tuborcidosis  of  ifae  skin 
and  various  other  affections.  In  this  form  of  treatnjent  an  inflammatory 
reaction  is  artificially  produced  by  actinic  rays  obtained  from  a  powerful 
arc'lamp,  and  the  reaction  is  the  same  as  occurs  In  an  acute  solar 
dermatitis.  This  inflammatory  reaction  cmses  an  (Bdcmatons  degenera- 
tion of  diseased  tissue,  and  in  the  subsequent  process  of  repair  replaces  it 
I  y  new  fibrous  tissue  and  a  healthy  scar. 

Trra  n  nt. — In  an  acute  attack  of  aolar  dermatitis  soothing  treatment 
s  nd  a  e  I  When  the  erythema  and  cedema  are  severe  a  lead  lotion, 
CO  s  s  n^  of  half  a  drachm  to  the  ounce  of  the  liquor  plumbi  sulmcetatis 
n  wato  o  milk  and  applied  continuously  in  the  form  of  a  compress  or 
n  a  I  n  mask,  is  of  great  service.  Under  this  treatment  the  inflamma- 
n  q  kly  subsides.  If  vesicles  or  blisters  be  present,  care  must  be  taken 
to  prevent  them  liecoming  septic.     Should  this  occur  it  is  advisable  to 
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apply  boric  acid  compresses  and  dressings  of  boric  acid  ointment  iit^teal 
of  the  lead  ointment.  After  the  inflammation  has  gone  down  the  &km 
tends  to  peel  and  become  pigmented.  The  pigmentation  gradually  dis- 
appears, and  desquamation  can  be  counteracted  by  the  application  of  ooU 
cream.  Of  course,  in  all  cases,  however  mild,  confinement  to  the  house 
when  the  sun  is  up  is  essential.  Much  can  be  done  to  prevent  sobr 
dermatitis  in  the  tropics  by  suitable  headgear,  parasols,  and  veila  TheK 
should  be  orange  or  red  in  colour  and  not  white  or  green,  since  rai 
materials  allow  only  the  harmless  red  rays  to  penetrate  and  are  opaqv 
to  the  actinic  rays. 
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VI.   Dystrophies 

Vltlligro. — Complete  albinism  with  pink  eyes  and  white  hair  Is  r^re 
in  dark-coloured  peoples,  but  partial  albinism  or  vitiligo  is  more  common 
than  in  white  races.  It  is  possible,  however,  that,  as  it  is  much  more 
noticeable  in  dark  skins,  it  appears  to  be  more  prevalent  than  it  real)? 
is,  while  in  white  races  mild  degrees  of  it  may  not  attract  attentkw. 
Besides  typical  vitiligo  non-pigmented  patches  in  which  the  pigroentatioo 
gradually  reappears  may  occur  in  association  with  syphilis,  or,  wh« 
desquamation  has  taken  place,  in  various  native  hyphomycetic  affectioiu. 
such  as  tinea  imbricata  and  canity.  Vitiligo  in  the  native  has  to  be  dis- 
tinguished from  the  whitish  patches  of  anaesthetic  leprosy,  a  conditica 
with  which  it  has  frequently  been  confused.  (For  a  detailed  descriptioii 
of  vitiligo  see  Vol.  VIII.,  1899,  p.  706.) 

Cheloids  and  Hypertrophic  Scars. — Though  cheloids  and  hyper- 
trophic sciirs  may  occur  in  any  climate  and  may  affect  any  race,  they  ire 
unusually  prevalent  in  dark  skins.  In  the  negro  they  are  prone  to  follow 
slight  injuries,  abrasions,  stings  and  bites  of  insects,  vaccination,  and  the 
sores  of  leprosy,  tuberculosis,  and  syphilis.  Le  Dantec  and  Boy^  report  a 
case  of  fil>romatous  growths  or  "  keloidal  fibromata  *'  growing  in  the  lobci 
of  tlie  ears  of  negroes  after  being  pierced  for  ear-rings  ;  and  various  otlwr 
writers  have  recorded  cases  of  an  allied  nature.  Various  peoples,  such  » 
(certain  of  the  tribes  in  Oceania  and  the  Australian  aborigines,  adore 
themselves  with  hypertrophic  scars  as  other  races  do  with  tattoo-marlu : 
these  they  produce  by  cutting  themselves  with  some  sharp  edge,  swchas 
H  piece  of  flint  or  a  broken  shell,  and  ruWbing  grass  or  mud  into  the  open 
wound.  The  hard  and  fast  distinction  which  was  once  drawn  betwew 
t.he  so  called  spontaneous  cheloid  and  ordinary  scar-cheloid,  and  on  ^hiA 
Kaposi  insisted,  is  gra<lually  giving  place  to  the  view  that  patboIogi<^T 
both  types  are  valiants  of  the  same  process  and  that  possibly  iher  ^of^ 
losult  from  the  inoculation  of  some  micro-organism.     This  suggestion- 
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for  it  18  only  a  hypothesis  at  present,  since  no  such  microbes  have  yet 
been  established — would  readily  explain  the  great  frequency  of  cheloidal 
f^wths  in  dark-coloured  natives,  in  whose  unprotected  skins  so  exposed 
to  injury  secondary  inoculation  of  wounds  and  abrasions  by  a  number 
of  micro-organisms  is  the  rule  rather  than  the  exception.  (For  a  detailed 
description  of  cheloid  see  Vol.  YIIL,  1899,  p.  685.) 

J.  M.  H.  MacLkot). 
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LATAH 
By  Sir  Patrick  Manson,  K.C.M.G.,  LL.D.,  M.D.,  F.R.S. 

Among  the  natives  of  the  Malay  Peninsula,  of  Java,  and  of  the 
neighbouring  islands — in  some  localities  more  than  others — examples  of 
a  peculiar  mental  affection,  locally  known  as  Iiatah  (a  word  signifying 
nervous  or  ticklish),  are  not  uncommon.  It  occurs  more  frequently  in 
women,  especially  young  women,  than  in  men ;  children  are  rarely 
affected.     It  persists  for  years,  and  is  seldom  recovered  from. 

Although  there  may  be  considerable  variety  in  the  particulai* 
symptoms  and  in  their  intensity,  in  all  instances  the  characteristic 
features  of  this  psychosis  are  the  same ;  they  depend  on  an  abnormal 
and  exaggerated  susceptibility  to  the  influence  of  suirgestion. 

In  ordinary  circumstances  the  subjects  of  latah  appear  in  no 
way  different  from  their  neighbours.  But  on  the  oi  currence  of  some 
■udden  and  startling  impression,  such  as  a  loud  sound  or  anything 
calculated  to  produce  a  vivid  impression,  or  on  witnessing  particular 
movements,  or  on  hearing  particular  sounds,  or  in  response  to  sonx' 
overt  suggestion  by  word,  movement,  or  facial  expression  on  the  part 
of  an  experimenter,  they  pass  into  a  peculiar  mental  state  in  which  they 
involuntarily  utter  certain  sounds  or  words  or  execute  certain  move 
ments.  In  other  instances  they  will  imitate  words  and  movements,  or 
yield  themselves  to  suggestions  coming  from  others  or  even  from  the 
phenomena  of  external  nature.  During  this  hypnotic-like  state,  whicli 
.  in  some  may  last  for  a  few  moments,  in  others  for  an  indefinite  time 
or  until  removed  by  a  contrary  suggestion,  although  consciousness  and 
intellect  are  clear,  and  although  strenuous  effort  may  be  made  to  resist 
suggestion,  the  victim  is  at  the  mercy  of  his  prompter,  and  will  in- 
evitably follow  any  lead  indicated,  no  matter  the  consequences. 

Although  the  manifesUitions  of  high  degrees  of  latah  may  be  follow^vl 
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by  signs  of  exhaustion,  and  even  by  swooning,  as  a  rule  nothing  of  Ui« 
kind  occurs.  There  are  no  stigmata  by  which  these  people  can  be 
recognised.  Their  infirmity  is  discovered  by  accident.  Subsequent! j, 
although  the  fact  that  a  particular  individual  is  latah  soon  becomes 
known  to  the  neighbours,  it  is  not  held  to  disqualify  bim  for  emplor- 
ment  in  any-  ordinary  capacity. 

Sir  F.   Swettenham,  basing  his  description  on  personal  experiences, 
gives  a  graphic  account  of  this  disease.     At  one  time  he  was  in  command 
of  a  small  body  of  native  police,  two  of  whom  were  latah.     To  pa-ss  ihe 
time   the  companions  of   the   latiih-struck  men  amused    themselves  by 
taking  advantage  of  this  circumstance.     On  one  occasion  an  inspector 
siiw  one  of   the  latah  men  on    the  top  of  a  cocoa-nut  tree.     On  being 
asked  what  he  was  doing  there,  the  man  replied  that  he  could  not  come 
down  because  there  was  a  snake  at  the  bottom  of  the  tree.     In  rcalitj 
there  was  a  bit  of  rattan  round  the  stem  \  on  this  }>eing  removed  tbe 
man  came  down  without  hesitation.     The  inspector  ascertained  tliat  the 
other  police  had  ordered  the  latah  man  to  climb  the  tree  ;  this  he  dii 
and  then,  out  of  sheer  devilry,  some  one  taking  in  his  hand  a  rattan,  and 
saying,  **  Do  you  see  this  snake  ?     I  will  tie  it  round  the  tree,  and  tben 
you  can't  come  down," — tied  the  rattan  round  the  tree.      The  man  wi« 
there  from  10  A.M.  till  i  P.M.      "Speaking  generally,"  Sir  F.  Swettenham 
says,  "  it  was  only  necessary  for  any  one  to  attract  the  attention  of  either 
of  these  men  by  the  simplest  means,  holding  up  a  finger,  calling  them  bj 
name  in  a  rather  pointed  way,  touching  them,  or  even,  when  close  br, 
to  look  them  hard  in  the  face,  and  instantly  they  appeared  to  lose  all 
control  of  themselves,  and  would  do,  not  only  whatever  they  were  toW 
U)  do,  but  also  whatever  was  suggested  by  a  sign."     Thus,  at  the  word 
of  command,  or  even  on  witnessing  an  action  suggestive  of  a  dive,  the} 
would  plunge  into  a  river  regardless  of  the  danger  from  crocodiles,    h 
told  to  strike  another  man  they  would  do  so ;  and  if  the  person  struck 
r«»sented  the  blow,  they  would  siiy,  "  It  is  not  I  who  hit  you,  but  thit 
man  wiio  ordered  me."     On  another  occasion  one  of  these  men  on  beii^ 
told  that  a  roll  of  matting  Avas  his  wife  embraced  it  with  every  sign  ^ 
affection  ;  and  when  the  other  latah  policeman  was  informed  that  tb^ 
same  roll  of  matting  was  his  wife  likewise,  he  too  embraced  it,  and  tbe 
two  men  fell  to  the  ground  struggling  for  possession  of  the  lady.     SimiW 
stories  are  current  about  latah  people  throughout  the  Malay  countr}'. 

Not  un frequently  the.  lat^ih  man  or  woman,  if  startled  by  an  w. 
expected  touch,  noise,  or  sight,  will  not  only  shew  all  the  signs  of  ^ 
very  nervous  person,  but,  almost  invariably,  will  fire  off  a  volley  ^ 
ob.*iicene  expressions  having  no  reference  whatever  to  the  paruVwltf 
circumstances  of  the  moment.  As  a  rule,  in  order  to  find  out  that  the? 
are  latah,  it  is  necessary  to  startle  them.  They  are  conscious  of  tbeir 
infirmity,  and  in  most  instances  dislike  and  try  to  avoid  its  manifestaii^o. 

Latuh  folk  are  favourite  subjects  for  the  practical  joker.  CliiWnu 
and  even  grown-up  pooi)le  ciinnot  always  resist  the  temptation  to  hsi? 
them  ;    for   one    reason   because    it   is   exceedingly  easy  to  do  so.  f<* 
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lother,  because  these  unfortunates  are  inclined,  on  the  spur  of  the 
oment,  to  do  ludicrous  things  or  to  say  something  of  which,  in 
dinary  circumstances,  they  would  bo  ashamed.  Fortunately  for  their 
rmentors,  latah  people  are  generally  good-humoured  and  rarely  resent 
ch  liberties ;  in  a  few  instances,  however,  they  object  to  being  made 
show  of  and  may  become  dangerous. 

Pathologry- — Latah  seems  to  be  akin  to  a  class  of  emotional  diseases 
bich,  in  their  kinds,  are  common  in  all  barbarous  and  semi-civilised 
untries;  nor  are  they  wanting  among  the  superstitious  and  weak- 
inded  of  more  advanced  nations.     Among  the  many  forms  of  this  type 

psychopathy  there  are  several  which  closely  resemble  the  latah  of 
e  Malays ;  such,  for  example,  is  an  affection  prevalent  among  the 
imoyeds,  known  as  "  ikota."     According  to  Schrenk,  ikota  is  confined 

married  women.  In  its  milder  form  it  declares  itself  by  inarticulate 
onds  which  are  emitted  whenever  the  affected  person  sees  something 
pugnant  to  her,  or  if  she  is  teased  about  her  peculiar  susceptibility. 
I  its  more  severe  form  the  patient  becomes  temporarily  maniacal, 
suming  the  appearance  of  sanity  when  the  }>aroxysm  is  over.  In  latah, 
id  in  ikota,  the  individual  manifestations  are  induced  in  similar  ways  ; 

both  they  are  paroxysmal,  evanescent,  and  recurring;  and  in  both 
le  liability  to  the  attacks  is  more  or  less  permanent. 

To  the  same  class  of  psychopathies  belong  such  affections  as  the 
possession  by  devils "  of  the  ancient  Syrians,  and  the  "  tigretier "  or 
le  "  boudda  "  disease,  and  **  zarr  '*  of  the  modern  Abyssinian.  Such-like 
lychopathies  are  by  no  means  confined  to  one  or  two  peoples ;  wherever 
lere  is  a  lively  belief  in  the  existence  of  a  personal  devil,  or  of  evil 
orits,  or  in  the  j)Ossibility  of  "possession,"  there,  under  a  variety  of 
cal  names,  these  and  like  maladies  are  sure  to  bo  found. 

Allied  to,  but  somewhat  differing  from,  these  are  those  curious 
ridemics  of  religious  ecstasy  which,  during  the  Middle  Ages,  swept 
^er  many  parts  of  flurope,  and  which,  even  in  modern  times,  are  apt  to 
leak  out  during  what  are  known  as  "  seasons  of  revival."  Such  were 
le  dancing  frenzy  and  the  children's  crusades  of  mediaeval  Germany ; 
le  tarantism  of  Italy  of  the  fifteenth  and  seventeenth  centuries,  the 
preaching  disease "  of  Sweden  ;  the  "  jumpers "  of  Cornwall ;  tlu* 
barkers "  of  the  United  States  ;  the  eccentric  sects  of  l^ussia,  and 
any  similar  absurdities,  which  have  been  and  are  perpetrated  under 
le  names  of  religion  or  freedom. 

These  religious  and  social  epideniics  differ  somewhat  in  tlieir  essence, 

well  as  in  their  course,  from  tlie  type  of  psychopathy  represented 
T  latah  and  ikota.  In  the  case  of  latah  the  individual  attacks  are 
idden  in  their  manifestation,  supervening  immediately  on  the  inducing 
lock  or  suggestion,  are  not  voluntarily  induced  or  sought  for,  and 
ADOt  be  controlled ;  moreover,  the  condition  may  be  permanent  and 
not  readily  communicated  to  large  numbers.  In  the  religious  and 
cial  psychopathies  the  morbid  condition  is  more  evanescent,  it  super- 
tnes  gradually,  may  be  voluntarily  induced,  is  often  volunUirily  sub- 
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niitted  to,  can  often  be  controlled,  and  is  readily  communicated  to 
large  numbers.  Latah  and  the  like  seem  to  be  diseases  of  the  intel- 
lectiial  reflexes ;  the  religious  and  social  psychopathies  are  ratkr 
diseases  of  the  emotions.  The  former  may  be  said  to  behave  tt  tt 
endemic  disease,  the  latter  as  an  epidemic.  This  dissimilarity  in  their 
natural  histories  depends,  probably,  on  underlying  differences  in  tbe 
psychical  elements  involved. 

These  differences  apart,   such  psychopathies  have   many  poioU  ia 
common.     In  none  of  them  is  there  any  gross  physical  lesion.     Unk* 
by  accident  they  are  not  fatal.     In  all  of  them  there  is  an  underhiag 
and    personal    emotional    temperament;   an    implicit    belief    in  certiii 
superstitions ;    a   strongly   marked   susceptibility    to    the    influence  of 
example,  with  a  corresponding  impidse  to  imitate ;  and,  most  probibif 
in  some  instances,  at  all  events  in  the  early  stages,  a  hysterical  crana; 
for  sympathy,  a  desire  to  excite  curiosity  or  wonder,  or  a  wish  for  t 
certain  kind  of  personal  distinction.     Possibly  in  some   cases  of  )»s^ 
there   may  be   nothing  of  this  kind,   or  no  consciousness   of  it;  bat 
undoubtedly   in    many   instances    hysteria   plays  a   part   in   the  earliff 
stages.      What  at  first  may  have  been  a  bad  habit  only  crystallises  br 
and  by   into  second   nature ;   a  consummation   which   may   be  further 
led  up  to  by  a  desire  to  appear  consistent  and  to  live  up  to  an  ac«iuire(I 
reputation. 

The  particular  form  these  psychoimthies  assume  depends  in  grett 
measure  on  the  superstitions  and  customs  of  the  country  in  which  they 
occur,  and  on  contemporary  ideas  and  influences.  Hearsay,  tradition,  ud 
example  detennine,  as  a  rule,  the  endemic  types  much  in  the  same  w»J 
as  they  determine  the  national  or  local  methods  of  revenge  or  of  suicide. 
Thus,  whilst  the  disgraced  and  despairing  P^nglishman  will  shoot  or  haog 
himself,  the  Japanese  in  similar  circumstances  will  rip  his  belly  open,  tfci 
Malay  run  amok.  So  custom  contributes  to  determine  the  fashion  i 
the  Abyssinian  tigretier,  the  Samoyed  ikota,  and  the  Malay  latth.  !■ 
the  case  of  the  religious  and  social  epidemic  psychopathies  the  particaltf 
form  assumed  will  depend  in  a  measure  on  the  fashion  set  by  tW 
originating  apostle,  or,  perhaps,  on  the  plans  of  designing  leaders. 

In  the  religious  psychopathies  the  emotional  exaltation,  though  \i 
the  first  instance  confined  to  purely  spiritual  matters,  tends  to  qwJ 
to  other  emotional  centres,  and  may  thus  lead  to  wild  sexual  and  erti 
homicidal  orgies. 

Gimlette  calls  attention  to  the  medico-legal  aspects  of  this  diseasft 
Fortunately,  examples  in  which  latah  has  been  shewn  to  play  a  ptft  i» 
crime,  are  rare  or  unknown.  It  is  conceivable,  however,  thai  under 
the  influence  of  suggestion  an  affected  person  might  be  indnceil  to  bB» 
or  commit  some  other  crime.  In  such  circumstances  it  mi<;ht  be  difficijl* 
to  assess  or  to  fix  responsibility. 

Treatment. — Of  the  various  forms  of  "  possession,"  latah  is  one  « 
the  most  rebellious.  Devils,  spirits,  and  wild  beasts  may  lie  exoitiw 
by   the  resources  of  i>riest-craft,  by   music,  by  drugs  reputed  to  h»« 
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fwdal  virtues,  by  other  strange  and  often  repulsive  means — in  other 
rords,  by  an  appeal  to  those  superstitious  and  emotional  elements 
dbat  raised  them.  Latah,  however,  has  the  reputation  of  being  incurable  ; 
ihe  reason  for  this  special  rebelliousness  is  not  easily  discerned. 

The  prophylaxis  of  these  psychopathies,  whether  endemic  or  epidemic 
A  type,  manifestly  lies  in  judicious  mental  and  physical  education. 

Patrick  Manson. 
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INSOLATION    OR   SUNSTROKE 

By  Sir  Joseph  Fayrer,  Bart,  M.D.,  F.R.S. 

HPKR  the  designation  of  sunstroke,  heat-stroke,  insolation,  thermic 
iv'er,  calenture,  heat  apoplexy,  heat  asphyxia,  ictus  solis,  and  other 
^Honyms,  a  number  of  morbid  conditions,  from  the  simplest  to  the 
rmvest,  are  included.  However  these  conditions  may  be  modified  by 
Banonal  susceptibility,  local  surroundings  and  climatic  influences,  they 
^B  all  essentially  due  to  heat,  and  are  the  result  of  exposure  either  to 
In  direct  rays  of  the  sun  or  to  a  high  atmospheric  temperature  in  the 
lade. 

Great  heat  may  cause — 

1.  A  state  of  exhaustion  leading  to  syncope. 

2.  An  overheating  of  the  nervous  centres,  blood,  and  tissues ;  with  a 
Pudency  to  produce  vasomotor  paralysis,  hyperpyrexia  (thermic  fever), 
(Hi  Bul^equent  asphyxia  through  the  action  upon  the  respiratory  centres, 
herewith  lesions  may  take  place,  such  as  cerebral  tissue-change  and 
iBmorrhage,  and  meningitis  in  various  degrees.  The  symptoms  in  such 
fe^es  are  varied,  and  depend  upon  the  portions  of  the  cerebrospinal 
ivitres  affected. 

The  effect  of  heat  upon  the  human  body  in  tropical  climates  or  else- 
llere  is  a  subject  of  considerable  importance  and  interest.  Man,  of  all 
limalSy  possesses  the  greatest  power  of  adapting  himself  to  and  main- 
itiing  health  under  changes  of  climate  and  temperature.  His  body, 
I  favourable  circumstances  of  climate,  food,  and  habits,  has  the  power 
maintaining  an  almost  constant  temperature  under  extremes  of  heat 
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anil  culU.  Vigorous  healthy  petsons,  who  lead  teioperikte  und  veil 
rejjulaled  lives,  can  tolemte  a.  very  much  liigber  temperature  ibau  Uhm 
not  so  conditioned ;  and  ihi^  natives  of  tropical  climates — espedally  dm 
coloured  races — can  tolerate  an  amount  of  beat  to  which  ihp  Eoropcu 
would  succumb ;  even  they,  however,  suffer  at  times  if  the  hmt  r 
above  a  certain  point,  and  natives  of  India  frequently  die  from  "1 
marna,"  hot  wind~stroke. 

The  action  of  heat  is  much  inHuented  by  the  hygrometric  conditio 
of  tlie  atmosphere.  A  dry  hot  air  is  letter  tolerated  than  a  moiu  om 
at  a  lower  temperatui-e,  because  it  favours  perspiration  and  kecpt  th 
bo<ly  cool ;  while  damp  air  diminishes  evaporation  and  the  rcfrigentin^ 
processes  of  the  body.  When,  from  any  cause,  perspinition  f " 
glandutai'  secretions  ur  the  natural  eliminative  functions  are  intiH^xxd 
with,  especially  when  the  air  temperature  exceeds  that  of  the  nuratl 
he»t  of  the  body,  sufTering  soon  ensues,  and  danger  from  ardent  feiwor 
heat  asphyxia  becomes  imminent.  That  these  evil  consequence*  ai 
due  to  the  direct  action  of  the  sun  alone  is  shewn  by  the  fact  that  nunj 
of  the  fatal  cases  take  place  in  rooms,  tents,  or  hospitnU,  at  nigbi  ii 
the  early  hours  of  the  moruing  before  sunrise,  especially  if  the  «r  t« 
vitiated  as  well  as  hot :  previous  disease,  debility,  or  irregular  uat 
intemperate  habits,  dispose  to  insolation. 

The  elFects  of  all  the  conditions  of  hot  climates,  includioi:  he* 
not  yet  sufficiently  determined,  and  wo  must  look  for  further  tnfomtci>« 
to  medical  men  practising  abroad.  Continued  exposure  to  great  W 
cannot  long  be  endured,  even  by  the  healthy  human  body,  with  inpuiutj- 
Pai'kcs  aiirl  Others  have  shewn  its  injurious  efTects  on  the  nervous  sy>( 
on  secretion  and  elimiimtioii,  and  on  the  digestive  and  assimilai 
processes.  It  causes  fever  from  the  simplest  to  the  most  ardent  fcra; 
and  it  is  often  combined  with  [>ernicious  miasmatic  poisoning,  eitnw 
cases  of  which  may  be  confounded  with  or  pass  into  the  most  af;gnraw' 
forms  of  thermic  fever  or  asphyxia. 

Insolation  generally  takes  place  in  the  hottest  months  of  the  yw- 
Apiil,  May,  June,  and  July  give  the  highest  returns  in  India  ;  liut  who- 
ever the  tem(>erature  is  high  enough  in  other  countries  the  same  n«l» 
obtain.      For  example,  it  is  very  freijuenl  in  North  America  every  JW- 

It  has  been  stated  that  sunstroke  seldom,  if  ever,  occurs  at  na ;  (*» 
this  is  negatived  by  the  records  of  vessels  passing  through  tie  VnA  S* 
Indian  Ocean,  Pei-sian  Gulf,  and  other  tropical  soas,  I  have  mj^ 
witnessed  death  on  board  steamers  in  the  Ked  Sea  from  insoUtwe- 
Maclean  tolls  us.  among  other  examples  of  insolation  occumnjC  ■> 
hoard  ship,  that  Boudln  relates  that,  while  at  Rio  Janeirii,  the  FfMCl 
war-ship  Dwfw.me  hod  100  cases  of  insolation  out  of  a  crew  gf  fW 
Most  of  the  men  were  attacked,  not  when  exposed  to  the  direct  nyn* 
the  sun,  hut  at  night  when  in  the  recumbent  position — that  i«i  "rt^ 
breathing  not  only  a  hot  and  suffocating,  hut  liUo  an  tnpurt  ■ 
Bassier  gives  an  accoiuit  of  I S  cases  out  of  a  crew  of  "8  men,  wfci 
happened  on  board  the  man-of-war  brig  />■  lA/nr,  cruising  off  Cndif  »• 


.  1823.  The  hait,  aggravated  I-y  calms,  \ 
;  the  vessel  small  and  overcrowded. 
I  It  is  hardly  posailile  to  fix  any  particular  degree  of  external  tciuj3ei-a- 
B  one  of  excessive  danger,  because,  as  before  ataled,  the  tolerance 
y  great  in  persons  in  pei'fect  bealth  in  a  pure  atmospbere, 
«nd  also  in  the  dark-skinned  races ;  but,  under  the  conditions  before 
niontioned,  the  danger  is  grent  when  the  temi>eralurH  is  equal  Co  or 
liigher  than  that  of  the  body.  A  temperature  of  110°  or  115"  F.  or 
higher,  in  very  dry  iiir  in  motion,  would  be  better  tolerated  than  one 
of  HO'  or  95°  F.  in  an  atmosphere  laden  with  moisture ;  especially  if  it 
1>e  viiiat<rd,  as  in  barracks  or  rooms,  by  human  respiration,  or  telluric 
or  other  miasmas. 

All  who  suffer  do  not  <lie ;  some  recover  perfectly,  but  many  are 
P-'rmaiiently  injured,  and  made  unfit  for  service  in  a  hot  cliniat*,  or 
even  become  permanent  invalids  at  home. 

In  IS91  the  numbers  of  the  European  army  in  India  wore  67,030, 
Of  ibtise  there  were  22S  admissions  from  heat-stroke  and  66  deaths. 

In  1892  the  numbers  were  68,1G:J.  There  were  223  admissions  from 
heat-stroke  and  6 1  deaths. 

In  1891  there  were  3137  women  with  the  European  army.  Among 
these  there  were  1i  admissions  and  2  deaths  from  heat-stroke. 

In  1892  there  were  3101  women  with  the  army,  but  no  ailniissions 
from  heat-stroke  ;  one  death  out  of  hospital. 

In  1891  there  were  5886  children  with  the  European  arniv.  There 
were  3  admissions  and  2  deaths  from  heat-stroke. 

In  1892  there  were  5762  children  with  the  army.  There  were  4 
iiilmissions  and  4  deaths  from  heat'Stroke. 

The  Native  army  in  1891  numbered  128,600.  There  were  22 
ailmissToiis  and  13  deaths  from  heat.stroke. 

In  1892  the  Native  army  numbered  145,340.  There  were  43 
admissions  and  18  deaths  from  heat-stroke. 

In  1891  the  jail  po|»ulation  of  India  numbered  101,01!).  Thi-ro  n-vri- 
77  admissions  and  40  deaths  from  heat-stroke. 

In  1892  the  nurnbei*  were  103,159.  There  were  77  admissions  and 
1 1  deaths  from  heat-stroke.  ^ 

The  above  numliers  shew  that  the  a<lmiB8ion-rate  per  mille  fi-oni 
hcAt-etroke  in  the  Eurojiean  army  in  India  was,  in  1891,  3'4  ;  in  1892, 
3-3  ;  while  the  death-rate  in  1891  was  0-97  ;  in  1892,  0-90.  Among  the 
wroinen  with  the  European  army  the  admission-rate  in  1891  nas  064 ; 
in  1892,  0;  while  the  de-ath-rate  in  1801  was  0-64;  in  1892,  0'32-' 
Among  the  children  the  ijdmission-rate  in  1891  was  05  ;  in  1892,  07  ; 
while  the  death-rate  in  1891  was  0:14;  in  1892,  035.  In  the  Native 
ai-my  the  admission-rate  in  1891  was  0-2  ;  in  1892,  (1-3  ;  while  the  death- 
rate  in  1891  was  009  ;  in  1892,  O'H.  Among  the  jail  population  the 
admission- rate  in  1891  was  0  8 ;  in  1892,  07:  while  the  death-rate  in 
1891  was  040  ;  in  1892,  0-40. 
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The  following  statistics  and  tables  are  taken  from  the  reports  ol  the 
Sanitary  Commissioner  with  the  Government  of  India  for  1891  unl 
1892  :— 

Deaths  from  Heat-stroke  in  the  European  Army  in  India  in  \^^\ 

and  1892  at  the  different  Ages. 


Age. 


24  aii<l  uudor     . 

25  to  29     . 
30  to  34     . 

35  and  upwardH 


lSi»l. 

85  or  1  '06  per  mille 
14  or  0-58         ,, 

8  or  1  -41 

7  or  3-33 


IhJW. 


26  or  0-70  i*r  millt 
21  or  0  84 

9  or  1  -65 

5  or  2*40 


Deaths  from  Heat-stroke  in  the  European  Army  in  India  in  1891 
and  1892  at  the  different  periods  of  Residence. 


length  of  8ervic«'. 

First  and  second  years 
Third  to  fifth  year 
Sixth  to  eighth  year . 
Eleventh  to  fifteenth  year 
Fiftoon  years  and  upwards 


1S91. 


J? 


36  or  1  '74  per  luille 
18  or  0-59 

6  or  0-43 

3  or  1-81 

2  or  3-27 


j> 


i^«>. 


23  or  100  iHTUiillr 
22  or  0-72 
12  or  1-03 

2  or  1  -40 

2  or  .-J -85 


I  am  indebted  to  the  Director-General  of  the  Army  Medical  Departine^ 
Surgeon-General    Keogh,  K.C.B.,  and  to  the  President    of   the  Indi« 
Medical    Board,    Surgeon -General   Branfoot,   C.I.K,    for    the   foUow^ 
additional    information   relating  to  the   years   1901,    1902,  and  190i 
Surgeon-General    Branfoot,  in  reference  to  the   year  1901,  quotes  tk 
following   remarks  extracted   from   the   Report  of    the    Sanitary  C<» 
missioner  with  the  Army  of  India: — "The  heat-stroke  death-nte  far 
India  rose,  the  greatest  shares  of  the  increase  being  in  Madras  and  tb 
Punjab.     Nowgong,  Meeanmeer,  and  Benares  had  the  highest  admiM 
ratios,  and  Meeanmeer  and  Meerut  the  highest  numbers.     Tiie  nUin  ^ 
mortality  from  heat-stroke  are  highest   after  thirty  years  of  age,  vk 
in  the  earliest  and   latest  years  of  service  in    India.     No  remarks  ^f 
etiological  interest  are  made  by  medical  officers."     Waahboum  repo* 
that  in  South  Africa  he  never  saw  or  heard  of  a  well-marked  cue  i 
heat-stroke,  and  considers  this  to  shew  that  something  moi-e  than  tk 
actual  heat  of  the  sun  is  necessary  for  the  production  of  the  disei* 
and  to  suppoit  the  view  that  the  disease  is  due  to  some  infection.   Gift 
has  published  an  interesting  case  of  heat-stroke  occurring  at  sea.  *■ 
Schmidt  has  written  .ably  on  the  subject/' 

In  1901  the  numbers  of  the  European  army  in  India  were  60,55i 
There  were  174  admissions  and  40  deaths  from  heat-stroke. 

In  190*2  the  numbers  of  the  European  army  were  60,540.    "^ 
were  171  admissions  and  46  deaths  from  heat-stroke. 
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I  1903  the  numbers  of  the  Em-opean  army  were  09,61.*).     There 
i  .103  sdmieBions  and  53  denths  frnni  heat-stroke. 

901  there  were  2908  women  with  the  European  army  of  India. 
King  these  there  were  1  admisaion  and  1  death  from  heat-stroke. 

"902  there  were  2555  women  with  the  European  army.     There 
was  1  admission  and  no  deaths. 

In  1&03   there  were  2691  women  with  the  European  iirmy, 
were  5  ndmigeions  and  2  deaths  from  heat-stroke. 

In   1901  there  wore  5376  children  with  the  Etirnpean  ai-my. 
irere  i  admiasions  and  1  death  from  heat-stroke. 

In  1902  there  were  4709  children  with  the  European  army. 
was  1  admission  and  no  death  from  heat-stroke. 
^L     In  1903  tliere  were  4677  children  with  the  European  army. 
^Bere  3  admissions  and  2  deaths  from  heat-stroke, 
^r      In   1901  the  Native  army  in  India  mimherod  141,7: 
^^2  admissions  and  5  deaths  from  heat-stroke. 

In    1902    the    Native   arroy   numbered    142,886. 
Hdmi.ssions  and  4  deaths  from  heat-stroke. 

In    1903    the    Native    army   numbered    142,435. 
admissions  and  1 3  deaths  from  heat-stroke. 

In   1901    the  jail    population  numbered   121,811. 
admissions  and  73  deaths  from  heatstroke. 

In   1902  the  jail  popidalion   numbered  114,334.      There  1 
ftdmiaaions  and  29  deaths  from  heal-atroke. 

In   1903  the  jail  population  numbered   101,717.     There  ^ 
admissions  and  40  deaths  from  heat-stroke. 

Surgeon-General  Sir  A.  Keogh  gives  the  following  statistics  of  the 
incidence  of  heat-etroke  among  the  European  troops  stationed  at  home 
and  abroad  for  the  years  1902  and  1903  ;  — 

In  1902  in  the  United  Kingdom  there  were  14  admissions,  no  death. 
In  Gibraltar,  Canada,  Bermuda,  Barbadoes,  West  Africa,  Mauritius,  and 
the  Strait  Settlements  there  were  no  admissions.  In  Malta  there  were  2 
admissions  and  I  death.  In  Egypt  and  Cyprus  there  wera  2  admissions. 
In  Jamaica  3  admissions  and  1  death.  In  South  Africa  1  admissions. 
In  Ceylon  7  admissions  and  3  deaths.  \\\  China  3  admissions.  In  India 
171  admissions  and  46  deaths.  On  boiird  ship  39  admissions  and  1 
death.     Total',  242  admissions  and  52  deaths. 

In  1903  in  the  United  Kingdom  there  were  G  aflmissions.  In 
<Jibi-aItar,  Canada,  Barbadoes,  Jamaica,  West  Africa,  and  Mauritius  there 
were  no  admissions.  In  Malta  there  were  4  admissions,  no  death.  In 
Egypt  there  were  4  admissions  and  2  deaths.  In  Bermuda  2  ndmissions, 
no  death.  In  South  Africa  43  admissions,  no  death.  In  Ceylon  11 
lulmissions.  2  deaths.  In  China  4  admissions.  In  the  Straits  Settle- 
raentfi  6  admissions,  4  deiiths.  In  India  303  admissions,  53  deaths,  On 
board  ship  2  admissions,  no  death.     Total,  385  admissions  and  61  deaths. 
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Deaths  from  Heat-stroke  in  the  European  Army  in  India  in  1901,  li»Oi 
and  1903  at  the  different  periods  of  Residence. 


Length  of  Service. 

1901.                    ' 

_ 

3  or  1  ^04  per  mille 

1902. 

23  or 

1 

1908. 

1  *23  per  milk 

Under  1  year 

15or  1 

•73  per 

mille 

1  and  up  to  2  years     . 

6  or  1-62 

5  or 

•92 

8  or 

•7S 

2         ,j          3      ,, 

8  or    ^77 

2  or 

•31 

3  or 

•38       „ 

3         >,          4      ,,        . 

6  or    -63 

3  or 

•33 

1  or 

•16       ., 

4         ,,          5      „        . 

2  or    -23 

4  or 

•48 

4  or 

•50       .. 

5         „         10      ,, 

12  or     -76 

12  or 

•80 

11  or 

•92 

10  years  and  upwards  . 

3  or     -12 

2  or 

•63 

3  or 

•92       .. 

Deaths  from  Heat-stroke  in  the  European  Army  in  India  in  1901,  190^2. 

and  1903  at  the  different  Ages. 


Age. 

1901. 

190-2. 

1H03. 

Under  20      . 

•  ■  • 

•  •  ■ 

20  to  25 

14  or    '54  per  mille 

10  or 

•46  i)er  mille 

23  or    -72  i»er  milk 

25  to  30 

14  or    -55         ,, 

23  or 

•97        „           20  or    ^87 

30  to  35 

5  or    •Ql 

6  or 

•96        ,,             5  or    -72 

35  to  40 

5  or  3^33         „ 

4  or 

2-5           „         1    3  or  1-61 

40  and  upwards    . 

2  or  3^91 

1    2  or  4-94 

The  statistics  shew  how  the  effects  of  heat  infiuence  a  certain  cUs* 
of  persons  who  are  under  hygienic  control ;  reliable  data  thus  being 
afforded  on  which  to  determine  the  value  of  this  element  of  the  death- 
rate  of  a  certain  section  of  the  population  whose  vital  statistics  an; 
trustworthy.  In  others  less  protected,  as  in  the  scattered  European, 
Kurasian,  and  immense  native  population,  the  incidence  of  the  disease 
is  often  greater.  In  seasons  when  there  are  great  accessions  and  waves 
of  heat  all  over  the  world  the  disease  and  the  mortalitv  from  it  increase 
Such  waves  of  high  temperature  recur  at  uncertain  intervals.  No  douU 
the  same  obtains  in  other  countries  where  the  climatic  conditions  are 
similar ;  it  is  needless,  therefore,  to  produce  further  statistics,  as  tht^ 
sufficiently  illustrate  the  subject. 

A  number  of  cases  of  hemiplegia  are  reported  by  the  Sanitary  Com- 
missioner with  tlie  Government  of  India,  which  there  is  reason  to  believe 
were  also  due  to  attacks  of  insolation  ;  but  as  it  is  not  certain  that  all 
were  so  caused,  I  am  content  to  allude  to  it  generally  as  one  of  the 
possible  results  of  sunstroke. 

Symptomatology  and  Pathology.-  In  addition  to  the  general  ^ 
turbance  of  health  which  occurs  in  all  who  are  more  or  less  affected  h? 
heat  such  as  restlessness,  irritability,  sleeplessness — the  morbid  cofr 
ditions  which  are  to  be  attributed  to  the  effects  of  a  high  temperature 


are  : 
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I.  A.  Syncope  from  exhaustion,  caused  either  by  the  direct   i*ays 

of  the  sun  or  a  heated  atmosphere  in  the  shade,  esptfcially  when  the 

physical  or  mental  powers  are  depressed.    Engine-room  men  in  steamers 

in  hot  climates ;  men  marching,  or  on  parade,  if  oppressed  with  clothes 

or   accoutrements,  or  weakened  by  previous  illness,  or  by  dissipation ; 

labourers  or  artificers ;  men  in  hay-fields  in  England,  or  in  heated  rooms 

jmd   factories,  in  barracks,  hospitals,  tents,  or  ships,  may  suffer  in  this 

way.     The  condition  is  one  of  depression ;  the  skin  is  cold  and  pale, 

and  the  pulse  feeble.     Death  may  occur  from  failure  of  the  heart,  but 

recovery  is  usual. 

B.  The  exhaustion  above  described  having  passed  away  may  be 
succeeded  by  fever,  which  may  assume  an  ardent  type.  The  fever  may, 
after  a  certain  duration,  defervesce ;  or  it  may  result  in  changes,  the 
consequence  of  damage  done  by  the  heat  to  the  cerebrospinal  centres. 
Thus  a  variety  of  morbid  conditions  may  ensue,  depending  upon  the 
parts  affected.  Such  cases  are  often  very  prolonged,  and  the  only  hope 
of  recovery  lies  in  removal  to  a  colder  climate. 

When  death  occurs  rapidly  at  the  time  of  the  exposure  it  may  be 
due  to  sudden  cardiac  failure,  as  shewn  in  the  exi)eriments  of  Claude 
Bernard  and  Sir  Lauder  Brunton  upon  animals  exposed  to  great  heat. 
When  it  occurs  suddenly,  during  great  exhaustion  or  muscular  action 
with  fatigue,  it  may  be  due  to  coagulation  of  the  cardiac  myosin,  which 
Dr.  Wood  of  Philadelphia  has  shewn  to  be  likely  to  occur  during  any 
great  muscular  exertion  at  a  much  lower  temperature  than  usually 
determines  it  when  there  is  no  great  muscular  exertion.  For  example, 
men  fighting  in  a  very  high  temperature  may  fall  dead  suddenly  ; 
but  perhaps  coagulation  of  myosin  is  most  frequently  a  jwst- mortem 
change. 

II.  The  gravest  and  perhaps  most  fatal  forms  of  sunstroke  occur  as 
a  consequence  of  the  general  heating  of  the  whole  l)ody,  blood  and  tissues, 
which  may  happen  either  from  prolonged  exposure  to  the  sun^s  rays  in  a 
heated  atmosphere,  to  a  heated  atmosphere  in  the  shade  (occurring,  as  it 
does,  by  night  as  well  as  by  day),  or  to  an  abnormal  thermotiixic  state 
due  to  vasomotor  or  other  heat-regulating  disturbance. 

In  the  firat  case  the  effect  of  the  high  temperature  tells  upon  the 
htain,  which  becomes  heated  to  a  degree  incompatible  wnth  du<»  perform- 
ance of  its  functions :  this  may  result  in  acute  cerebral  symjitoms,  and 
flometimes  in  mania,  rapidly  passing  into  a  state  of  asphyxia,  if  the 
respiratory  centres  are  involved  :  more  frequently,  perhaps,  the  whole 
body  becomes  overheated,  the  temperature  rising  to  106  ,  108",  or 
110**  F.  which,  if  not  rapidly  counteracted,  proves  destructive  to  life  by 
asphyxia  or  sudden  cardiac  failure,  or  even  by  cerebral  haemorrhage  or 
meningitis. 

In  heat -exhaustion  the  primary  symptoms  are  those  of  depression. 
The  person  becomes  faint,  pallid,  with  a  cold  and  moist  skin  and  feeble 
pnlse,  not  unfrequently  attended  with  sickness.  The  soldier  on  i)ara(lo 
staggers  and  falls  over  in  a  faint :  so  with  the  orator  when  speaking,  or 
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the  artisan  in  pursuing  his  calling.  This  may  take  place  either  in  the 
sun  or  in  the  shade.  The  condition  is  one  of  syncope,  and  may  approtck 
collapse  ;  if  reaction  be  not  soon  established  death  may  result  from  caxdiac 
failure,  but  this  is  rare.  Recovery  is  generally  complete,  but  when  Ute 
state  has  occurred  from  direct  application  of  intense  solar  heat  and  gUre, 
tlie  mischief  is  not  always  confined  to  the  transient  shock  or  impressjon; 
secondary  effects,  such  as  vertigo,  muscular  tremors,  and  temporary  ]am 
of  power  may  result ;  or  a  reaction  may  be  followed  by  fever,  by 
symptoms  indicating  lesions  of  the  centres,  or  by  cerebral  excitemoii, 
and  this  may  end  in  mania. 

In  insolation  proper  the  premonitory  symptoms  may  appear  some 
hours  or  even  days  before  the  dangerous  symptoms  set  in,  as  the  reraii 
of  contiiiued  exposure  to  a  high  temperature ;  although  they  may  oecor 
also  in  a  much  shorter  period,  as  when  men  are  exposed  in  marching  or 
iw  other  occupations  to  a  very  high  degree  of  solar  heat,  in  which  ctM 
some  would  no  doubt  be  affected  by  heat-exhaustion,  whilst  others  would 
pass  into  a  state  of  hyperpyrexia  as  before  described.     These  are  genendlj 
malaise,  restlessness,  insomnia,  apprehension  of  impending  e>il,  precor 
dial  anxiety ;  hurried,  gasping,  shallow  breathing ;  a  feeling  of  coDStd^ 
tion  round  the  thorax ;  vertigo ;  headache,  often  severe  ;  nausea,  or  eren 
vomiting,  anorexia,  great  thirst,  frequent  micturition,  and   fervent  hoU 
of  the  skin.     As  one  or  more  of  these  symptoms  become  aggravated  the 
temperature  nses  to  104^,  106°,  or  even  110°  F.     Dyspnoea  and  restle* 
ness  increase ;  the  head,  face,  neck,  and  skin  of  the  body  generally  b^ 
come  red  or  livid,  sometimes  dry,  sometimes  moist ;    the  pulse  full  and 
labouring,   carotid   pulsation    very   perceptible,    pupils    contracted,  but 
dilating  widely  before  death.      Unconsciousness    passes    into   complete 
coma,  stertor,  and  epileptiform  convulsions ;   finally,   relaxation  of  the 
sphincters  and  suppression  of  urine  precede  death. 

These  symptoms  all  indicate  a  profoundly  disturbed  state  of  tie 
cerebrospinal  centres  and  a  disordered  condition  of  the  blood.  The 
hyperpyrexia  is  incom})atible  with  a  due  performance  of  their  functioitf* 
and  dciith  will  rapidly  result  unless  prompt  aid  be  given ;  indeed,  it 
frequently  does  so  despite  all  treatment.  The  fatal  result  is  due  to 
asphyxia  and  cardiac  failure.  There  may  be — though  perhaps  rarely— 
meningitis  or  cerebral  hsemorrhage  or  effusion,  the  disordered  state  of 
the  blood  not  unfrequently  manifesting  itself  by  petechial  patches  on 
the  body  J 

The  earlier  stages  of  this  condition  are  those  of  so-called  thermic  fever. 
A  very  high  temperature  may  be  maintained  for  several  days,  and  fimdlj 
defervescence  takes  place  without  evidence  of  any  structunil  lesion ;  but 
unless  active  me^isures  be  used  and  the  tertiperature  rapidly  redneed, 

'  I  have  read  again  with  much  attention  Dr.  Sambon's  thoughtful  auil  interesthu:  "T»- 
iiiunicatioTi.  Notwithstanding  the  evidence  he  pro<lnces  and  the  arguments  he  brinfr^  i^^- 
ward,  wliich  are  entitled  to  uiucIj  respect,  I  do  not  see  any  reason  for  niotiiticatioD  of  tW 
views  lien^  expressed  on  the  subject  of  sunstroke,  nor  any  fresh  grounds  that  would  ju>tlfy 
me  in  referring  the  various  and  complex  symptoms  that  characterise  that  cauditi<m  to  «• 
organism  growing  in  tlie  soil,  rather  than  to  the  etfocts  of  climate  ami  temperatnrr. 
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unless,  that  is,  the  causes  which  produce  the  hyperpyrexia  be  mitigated 
or  removed,  the  case  is  apt  to  pass  on  into  the  >;rave  state,  and  to  ter- 
minate fatally  by  paralysis  of  the  respiratory  centre,  and  in  some 
instances,  though  rarely,  by  cerebral  haemorrhage.  From  the  graver  forms 
Kome  recover,  but  many  are  permanently  injured,  and  become  invalids  for 
life ;  life  indeed  is  not  unfrequently  shortened  by  obscure  cerebral  or 
meningeal  changes  which  affect  the  sufferer  in  varying  degrees  of  form 
and  intensity,  such  as  epilepsy,  irritability,  impaired  memory,  cephal- 
algia, blindness,  or  deafness,  partial  or  complete  paralysis,  dementia  or 
even  mania.  In  those  who  have  apparently  recovered,  intolerance  of 
the  sun's  rays  or  even  of  the  heat  of  temperate  climates  may  remain ; 
or  such  cases  may  after  a  long  time  end  in  dementia,  or  epilepsy,  or 
both  ;  or  in  chronic  meningitis  with  thickening  of  the  calvaria  ;  frequent 
or  intense  headache,  general  functional  derangement  and  disordered 
innervation  being  persistent. 

Morbid  Anatomy. — When  death  has  occurred  in  the  syncopal  form 
there  is  not  any  very  obvious  morbid  change?  The  brain  with  its  mem- 
branes and  the  lungs  are  sometimes  but  not  always  congested.  The 
venous  trunks  in  the  abdomen  and  also  the  ri<^ht  cavities  of  the  heart 
may  be  full  of  blood,  which  is  imperfectly  coagulated.  The  abdominal 
viscera  are  congested ;  lividity  of  the  body  and  decomposition  come  on 
rapidly  after  and  even  before  death. 

In  death  from  thermic  fever  and  insolation  the  hejirt  is  sometimes 
found  firmly  contracted — it  may  be  from  coagulation  of  the  myosin 
and  the  venous  system  generally  is  engorged.  The  blood  is  dark, 
gnimous,  fluid,  and  acid  in  reaction ;  the  blood-corpuscles  are  crenated 
and  do  not  rapidly  form  into  roideaux.  The  body  for  some  time  after 
death  retains  a  high  temperature.  In  early  autopsies,  necessary  in  hot 
climates,  the  Ixxly  and  viscera  when  opened  feel  pungently  warm,  dark 
blood  drips  freely  from  the  incision,  rigor  mortis  comes  on  rapidly. 
The  brain  and  membranes  are  often  congested.  There  niiiy  be  some 
cerebral  liiemorrhage,  effusion  of  senim  into  the  subsUmce  or  cavities,  or 
signs  of  incipient  meningitis. 

A  precise  degree  of  blood-temperature  incompatible  with  life  cannot 
he  defined,  but  the  danger  becomes  very  imminent  at  or  alM)ve   108 
or  109'  F. 

Prophylaxis — Prevention  is  the  great  desideratum.  The  clothing 
should  l)e  very  light,  and  woollen  material  should  always  be  worn  next 
the  skin,  as  cotton  or  linen  wet  with  perspiration  is  very  injurious.  The 
head  and  spine  should  l)e  protected  from  the  direct  rays  of  the  sun  out 
of  doors  by  a  pith  hat  and  a  cotton  j)ad  let  into  the  coiit  over  the  biick 
of  the  neck  and  spine,  and  by  a  good  white  umbrella  lined  with  green. 
The  clothing  should  be  loose,  not  constricting  the  neck  or  any  pirt  of  the 
}M»(ly.  Indoors  the  temperature  should  be  reduced  by  the  use  of  therm- 
antidotes,  punkahs,  electric  fans,  or  other  artificiiil  means  of  cooling  ;  free 
ventilation  should  be  insisted  on,  and  a  sufficient  amount  of  cubic  space — 
not   less   than   1000  to   1200  cubic  feet  per  heivd — in  sleeping  rooms. 
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barracks,  and  so  on.     During  the  hot,  still  nights — a  most  dangerooi 
time — the  foregoing  precautions  are  especially  necessary. 

Excessive  fatigue,  excitement,  or  depression  should  be  alike  avoideiL 
though  a  moderate  degree  of  exercise,  physical  and  mental,  is  desiraWf 
diu'ing  the  cooler  hours  of  the  day.  A  short  sleep  during  the  course  *i 
the  day  is  also  to  be  encouraged. 

For  soldiers  all  drills  not  absolutely  necessary  should  be  avoided,  if 
they  must  march  during  the  hot  weather  it  should  be  in  the  early  hours 
of  the  morning.  Frequent  halts  should  be  allowed,  and  coffee  aiid  a 
biscuit  served  out.  Plenty  of  water  should  be  carried  and  W  readily 
available.  The  dress  should  be  light  and  loose,  and  all  constriction  care- 
fully avoided.  The  halts  should  ])e  in  the  most  sheltered  places  that  can 
be  found,  with  plenty  of  fresh  air — such  as  open  topes  of  trees.  The 
accoutrements  should  be  as  light  as  possible,  so  as  to  spare  fatigue  and 
exhaustion.  Men  falling  out  should  be  attended  to  immediately  by  the 
medical  officer.  Marches  and  drills  in  the  great  heat  should  )>e  as  short 
as  the  exigencies  of  the  service  will  permit. 

Moderation  of  diet  is  especially  to  be  enjoined.  Very  little  animal 
food  should  be  taken ;  the  food,  whilst  sufficiently  nutritious,  should  be 
light  and  unstimulating.  Iced  water  should  be  drunk  freely  and  fre 
quently,  and  the  greatest  moderation  in  the  use  of  stimulants  should  Itf 
observed.  Excesses  in  eating,  drinking,  or  smoking  are  especially  to  he 
deprecated.  The  cold  bath  may  be  freely  used.  In  short,  regularity 
and  moderation  in  all  things,  and  careful  attention  to  the  state  of  the 
bowels,  which  should  never  be  allowed  to  be  confined,  are  essential.  No 
one  is  more  lik(»ly  to  suffer  from  the  ill  effects  of  heat  than  he  who  ha* 
undergone  mental  or  physical  exhaustion,  or  has  suffered  from  intemper- 
ance in  food  or  alcoholic  drinks.  Healthy  persons  who  lead  regular  \\\^ 
and  observe  such  precautions  will  tolerate  a  degree  of  heat  which  woiiKi 
hardly  be  deemed  credible. 

Treatment. — In  simi)le  hejit-exhaustion,  remove  the  piUieiit  to  a  cool 
place  in  the  shade  or  into  the  open  air,  according  to  circumstances. 
Remove  all  oppressive  or  tight  clothing.  Dash  cold  water  on  tho  hcwl 
and  chest  so  as  to  rouse  but  not  depress.  If  necessary,  give  a  stinitilaiii 
and  apply  ammonia  to  the  nostrils.  If  depression  continue,  administer 
stimulants  and  restoratives ;  let  the  patient  avoid  exertion  or  exposurr 
to  heat  as  much  as  ])Ossible.  In  the  steamers  in  the  Red  Sea  and  Indian 
Ocean  stokers,  usually  Africans,  are  sometimes  brought  up  from  the 
furnaces  unconscious  from  heat- exhaustion,  but  are  generally  quickly 
restored  by  the  fresh  air,  by  dashing  cold  water  on  their  boclies,  or  by 
givin*;;  a  little  stimulant. 

If  a  man  be  struck  down  by  the  bciiting  of  the  hot  sun  on  his  bead. 
ap])ly  the  cold  douche  freely  to  the  head  ;  if  there  be  rise  of  temperature. 
apply  ice  to  th(*  head,  but  not  for  too  long  a  time.  The  object  is  two- 
fold, to  rouse  by  reflex  action  and  to  reduce  temperature. 

At  the  ciipture  of  Kangoon  in  1852,  numl)ers  of  men  under  my  ol*!>€r- 
vation  were  struck  down  by  the  sun,  some  simply  fix>m  heat-exhaustiun. 
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They  were  clad  in  the  thick  red  coats  and  leather  stocks  worn  in  India  in 
those  days.  In  others,  apparently,  the  exhaustion  was  combined  with 
the  direct  etFects  of  the  sun  upon  the  head  and  spine.  They  were  all 
douched  with  cold  water  and  placed  in  the  shade  in  the  Field  Hospital. 
All  but  two  recovered ;  these  two  were  bled  on  the  field  where  they  fell, 
and  never  regained  consciousness.  By  recovery  is  meiuit  a  favourable 
reaction  at  the  time ;  in  some  there  were  consecutive  symptoms  of  fever 
and  cerebral  disturbance ;  they  were  sent  away  to  a  Depot  hospital,  and 
if  their  history  could  be  traced,  it  would  probably  be  found  that  in  some 
of  them  complete  recovery  never  took  place.  Exposure  to  the  sun's  rays 
should  be  carefully  guarded  against,  and  unless  recovery  be  rapid  and 
complete,  a  colder  climate  should  be  sought,  where  the  same  precautions 
must  be  continued. 

In  thermic  fever  or  insolation  the  object  is  to  reduce  the  temperature 
before  more  serious  or  fatal  consequences  appear.  For  this  purpose 
quinine  in  doses  of  5  grains,  or  even  more  up  to  10  grains  of  hydrochloride 
or  sulphate,  may  be  given  in  solution  by  the  mouth,  every  three  hours ; 
ov  the  equivalent  in  the  form  of  a  hypodermic  injection  may  be  given 
and  continued  until  an  impression  is  produced.  Morphine  has  also  been 
suggested,  but  this  practice  seems  questionable.  Bleeding  should  not  be 
resorted  to  except  in  special  cases.  In  asphyxia,  where  the  right  heart  is 
overloaded,  it  may  be  expedient  as  a  choice  of  evils.  As  a  general  rule 
it  has  been  abandoned,  for  although  it  may  have  appeared  at  first  to  pro- 
duce a  favourable  impression,  subsequent  results  have  not  justified  it  as 
a  *reiieral  practice.  No  absolute  canon  of  procedure  can  be  laid  down 
with  reference  to  bleeding  in  this  disease ;  each  ciise  must  be  dealt  with 
oil  its  own  merits.  All  that  can  be  said  here  is  that  it  is  not  desirable 
as  a  general  rule.  Should  the  quinine  not  be  effective  in  reducing  the 
temperature,  antipyrin,  phcnacetin,  antifebrin,  aconite,  or  acetate  of 
ammonia  may  be  tried. 

The  cold  bath,  cold  afl'usions,  and  application  of  ice  to  the  head — 
which  should  be  shaved — and  to  the  body,  should  also  be  resorted  to, 
care  being  taken  not  to  prolong  the  coolin;?  until  too  great  depression  be 
produced — that  is,  not  below  100  F.  The  bowels  should  be  relieved 
by  calomel,  colocynth,  and  saline  purgatives,  and  by  enemas  \  care  being 
taken  that  sufficient  daily  action  be  maintained.  In  the  epileptiform 
convulsions  which  sometimes  occur  the  cautious  inhalation  of  chloroform 
may  be  resorted  to.  I  have  seen  good  results  from  its  use.  Blisters  are 
sometimes  applied  to  the  nape  of  the  neck,  but  it  seems  doubtful  whether, 
in  the  early  stages  at  any  rate,  they  can  be  of  much  use,  if  any.  Light 
and  unstimulating  diet  should  be  given  in  small  quantities  at  tolerably 
frequent  intervals.  This  antipyretic  treatment  must  be  continued  as 
long  as  a  high  temperature  lasts,  to  obviate  the  imminent  risk  of  death 
or  of  tissue-changes  which  may  be  permanently  injurious.  As  the  case 
proceeds,  if  symptoms  of  cerebral  or  meningeal  mischief  supervene, 
iodide  and  bromide  of  potassium  and  counter-irritation  may  be  of  service. 
It  is  essential  that  perfect  rest  of  mind  and  body  should  be  main- 
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tallied.  When  insomnia  is  distressing,  hypnotics  may  be  useful ;  they 
must  be  given  with  great  caution,  and  without  opium  if  it  can  be 
avoided.  Restriction  should  be  imposed  upon  the  use  of  alcoholic 
stimulants.  The  amount,  if  any,  that  may  be  given  must  depend  upun 
the  previous  habits  iis  well  as  the  present  condition  of  the  patient.  Here, 
again,  the  physician  must  be  guided  by  the  special  indications  of  the  aat 
before  him.  Precautions  should  be  continued,  not  only  when  recovery 
has  set  in,  but  even  for  some  time  after  it  is  apparently  complete ;  for 
certain  indications  of  latent  chronic  mischief  will  probably  remain,  sQch 
as  loss  of  memory,  irritability,  headache,  inability  to  concentrate  the 
thoughts,  intolerance  of  heat,  or  of  the  slightest  exposure  to  the  san  or 
even  of  the  temperature  of  an  overheated  room.  Not  until  these  hare 
completely  disappeared  can  a  return  to  India  or  any  other  hot  dimite 
be  permitted  with  any  propriety  or  prospect  of  future  health.  I  repeal 
that  frequently,  indeed,  a  patient  can  never  return  to  a  hot  climate  atalL 

It  seems  hardly  necessary  to  say  that  cases  of  this  kind  should  be 
removed  from  a  hot  climate  to  a  colder  one  as  soon  as  traveUing  cu 
safely  be  permitted,  and  that  the  sufferers  should  be  carefully  watched 
on  their  way  home.  Neglect  of  this  precaution  has  resulted  in  self- 
destruction  during  the  mental  aberration  that  sometimes  follows. 

The  sequels  of  sunstroke  occasionally  assume  a  serious  character,  and 
are  the  cause  of  permanent  disability  to  the  patient  and  a  source  of  much 
anxiety  to  his  friends.  The  slighter  forms  of  meningitis  and  of  cerebnl 
mischief  riot  imfrequently  pass  away  after  protracted  residence  in  a 
temperate  climate,  but  they  are  also  not  unfrequently  permanent,  and 
endanger  or  shr)rten  life,  causing  such  physical  or  mental  disability  ai 
epilepsy,  partial  paralysis,  mania,  chronic  dementia,  impaired  memoiy, 
and  inability  for  mental  concentration — sad  examples  of  the  evil  effects 
of  a  tropical  or  hot  climate. 

Treatment  will  depend  upon  the  nature  and  extent  of  such  mischief. 
These  vary  so  much  as  to  render  it  impossible  to  give  more  definite 
directions  here,  and  the  reader  is  referred  to  the  special  articles  in  Uiis 
♦System  on  Cerebrospinal  and  Mental  Diseases. 

J.  Fayrer. 
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SNAKE-POISON    AND    SNAKE-BITE 

Oharles  J.  Maktin,  M.B.,  D.Sc,  F.H.S.,  and  Major  George  Lamr,  M.D.,  I. M.S. 


OMOUS  snakes  are  found  almost  all  over  the  temperate  and  tropical 
ri^oos  of  the  world,  with  the  exception  of  New  Zealand  and  the  Oceanic 
B^rids.  They  are  divided  by  naturalists  into  two  main  classes— 
^  poisonous  colubrine  snakes ;  (ii.)  viperine  snakes.  These  two  classes 
-Bent  differences  in  structure,  and  also  in  the  properties  and  toxic 
t^on  of  their  poisons. 

Distribution  of  PoisoDOUS  Snakes. — The  following  is  a  list  of  the 
'tt^r-known  and  more  dangerous  poisonous  snakes  arranged  according 
»  their  geographical  distribution.^  , 

Europe. — Small  vipers  or  adders  (  Vipera  beiiiSy  V,  aspisy  V.  armnodytes) 
re  found  on  the  continent  of  Europe,  and  V.  beins  occurs  in  England, 
^ese  small  reptiles,  which  are  very  plentiful  in  some  parts  of  Europe 
^<^.  Haute  Sadne  in  France),  are  on  account  of  their  small  size  seldom 
wgerous  to  man ;  but  the  bite  of  one  is  followed  by  severe  symptoms, 
^d  according  to  Bottinger,  who  collected  610  cases  of  viper-bite,  10  per 
^t  were  fatal.     Most  of  tlie  fatal  cases  were  probably  in  children. 

India,  China,  and  SoutJiem  Asia, — In  Asia  are  found  the  most  deadly 
if  the  poisonous  colubrine  snakes,  the  cobra,  Naja  triytidhiniy,  and  the 
amadryas  or  king  cobra,  Naja  hungarus,  and  the  kraits,  Buvgarus 
igruleus  and  B,  faadatxia.  There  are  also  several  species  of  viper,  among 
hicb  the  daboia,  V.  russellii,  and  the  phoorsa,  Echis  carinata,  are  the 
ost  deadly. 

America. — The  important  poisonous  snakes  of  the  American  continent 
I  .belong  to  the  Viperidae,  and  are  representatives  of  the  sub-family 
rotalinse.  In  North  America  arc  various  species  of  rattlesnake,  Croialus 
Ttficus,  C.  scutulaitis,  C,  duiissus  and  C.  hmridus,  and  the  copperhead 
ncisirodtyn  conioiirir,  and  the  moccasin,  A.  piscivorus.  In  South  America 
number  of  different  species  of  the  genus  Lachesis  (L.  mvtus,  L.  lanceolatus, 
airox)  are  found,  many  of  which  reach  a  size  of  four  or  five  feet  or 
en  more.  Of  these  the  Fer  de  lance,  L.  lanceolatus,  is  perhaps  the  best 
iO'wn,     Crotalus  tarijirus  also  occurs  in  Brazil  and  Northern  Argentina. 

Africa, — In  the  North  of  Africa  a  species  of  cobra,  Aaja  haja,  is 
mmon ;  and  two  vipers.  Cerastes  ciyrnutus  and  Echis  carina  fa,  are  respon- 
>le  for  a  number  of  deaths. 

In  the  South  are  found  another  species  of  cobra,  Naja  flava,  and  two 
perSy  Causus  rhomheatiis  and  Biti.^  arieians  the  puff-adder. 

In  Australia  and  Tasmania  are  a  large  number  of  species  of  venomous 

*  The  nomenclature  a«lopted  in  this  article  is  that  given  by  Mr.  Boulenger  in  his  Catalogue 
'  Stutkes,  British  Museum  of  Natuial  HiHtory,  vol.  iii.,  1896,  to  whom  we  are  indebted  for 
^stance  with  regard  to  the  dititribution  of  snakes. 
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suakus,  all  of  wliich  belong  to  the  Coliibridre,  although  the  deatfa-addR, 
Afanlhttphii  iiiitarcticns,  simulates  n  vipor  by  its  appearance  The  princip) 
species  liangeroua  to  man  uTe—.WolecJiU  sailtihix,  the  tiger  Mikr. 
Dcn'tsotm,  siijieilMf  the  copperhentl ;  Anmlhojihis  iintarrtiau,  the  detlt- 
addcr;  lHi;7neitia  (e/lilis,  the  bi*owii  Htiiike ;  aud  NoUchis  psetuUehit,  tht 
black  snake. 

.int-Snaiiw.^Thc  Hydrophinffl  are  all  poisonous.  With  the  cxceptioa 
of  I'Uihirus  they  live  entirely  in  the  water,  their  tails  being  flattened 
like  that  of  an  eel.  They  are  uomtuon  in  the  tropical  and  subUojieil 
seas  of  ihu  Indiuri  and  Faciiiu  Oceuni-. 

Poison  Apparatus  and  Mechanism  of  Bite. — The  poison  b  anowd 
by  the  cells  of  a  raeomose  gland,  possessing  large  alveoH  vi\dA  tern 
as  a  receptai^le  for  the  venom.  The  glands,  one  on  each  «do  of  tU 
head,  are  placed  behind  the  orbit.  In  an  adult  cobra  tJiey  are  tbM 
the  sixe  of  a  lar^e  almond.  The  gland  is  the  homologue  of  the  parotid 
Baliviiry  gland  in  other  vertebnites.  They  are  snliciitaiieous,  with  tin 
exception  of  the  superior  portion  of  theii-  externul  surface.  Each  v 
enveloped  in  a  dense  capsule  of  fibrous  tissue,  from  which  two  Rtniii|[ 
fascial  pro«jsaes  extend  anteriorly  and  posteriorly,  so  as  to  fix  it  socondj' 
both  in  front  and  behind.  The  gland  is  in  intimate  relutiou  with  iJm 
masseter  muscle,  which  consists  of  two  portions ;  the  superior  [wrtii* 
arises  from  the  external  surface  of  the  post-orbital  bone,  the  n^ 
of  tlin  parietal,  and  the  crest  of  the  exoccipital.  and  is  imert^ 
into  the  external  surface  of  the  gland-capsule ;  the  inferior  pcnn 
arises  as  a  flat  temlou  from  the  iipi>er  part  of  the  posterior  lulf 
of  the  internal  surface  of  the  gland,  aud  passes  downwards  deep  W  ll» 
gland,  to  be  inserted  into  the  mandible  and  dentary.  When  the  uvd* 
bites,  the  gland  is,  owing  to  the  peculiar  insertion  of  the  nuuMW' 
powerfiUly  wrung,  and  the  poison  expressed  into  the  diict,  much  ia  il> 
same  way  as  one  expressos  moistui'e  from  the  pores  of  a  cloth  by  (wil- 
ing it.  That  ihe  muscle  does  indeed  act  in  this  way  can  l>e  seen  {n  llw 
recently  severed  head  by  stimidaling  its  nerve  with  a  fanulic  ciirwol- 
A  large  lyinph-gjuice  surrounils  the  gland  and  so  permits  of  this  twidiii^ 
From  tlie  anterior  margin  of  the  gland  the  duct  pasaea  forward  alwi 
the  side  of  the  upjier  jaw.  Just  in  front  of  the  fang  it  doubles  mi  it«ll 
so  as  to  open  by  a  small  papilla  on  the  anterior  wall  of  the  »h«atli  rf 
mucous  membrane  which  embraces  the  base  of  the  tooth.  The  gbw'- 
duct  is  composed  of  fibrous  tissue,  and  is  lined  with  epithelium.  Niuwro* 
small  gland-alvcoIi  open  along  its  course.  Weir  Mit^rbell  found  a  muienl' 
sphincter  in  the  course  of  the  duct  in  crotalus;  but  in  other  spMlMH 
muscular  tissue  has  been  observed. 

The  fang,  except  in  some  of  the  sea-auakes,  is  a  functional  tob»  *ftk 
the  proximal  oiwning  on  the  anterior  surface  near  the  baae  and  t^ 
distiU  oitening  on  the  same  surface  within  a  short  iHstance  of  the  fon!^ 
In  the  centre  is  a  pulp-cavity  containing  vessels  and  ncr\-e&  Dunf 
the  development  of  the  poison-fang  it  first  beooinea  flattened  anUi^ 
]>osteriorly ;   ridges   then   arise   on   the   anterior  surface,  wliidk<. 
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[uent  folding  of  the  whole  tooth,  are  brought  into  contact  and 
je.  Thus  there  are  now  two  cavities  in  the  fang,  a  round  poison 
and  a  horse-shoe-shaped  pulp  cavity.  This  folding  over  is  incom- 
near  the  base  and  point  of  the  tooth.  In  ordinary  circumstances 
ngs  project  downward^  and  more  or  less  backwards,  and  are  almost 
Btely  covered  up  by  a  sheath  of  mucous  membrane  (vagina  dentis). 
the  animal  is  about  to  strike  they  become  erect.  Diflerent 
I  vary  very  greatly  as  regards  the  angle  through  which  they  can 
the  maxillary  bone  and  with  it  the  poison-fang.  Snakes  in  which 
ong  fangs  are  found  (Viperidse)  can  do  this  to  a  very  consider- 
jxtent;   in   the   colubrines   this  movement  is  relatively    insignifi- 

le  upper  jaw  is  formed  of  the  pterygoid  behind,  and  in  front  by 
irs  which  diverge  at  a  slight  angle.  The  internal  of  these  bars  is 
ilatine,  the  external  the  transverse  with  the  maxilla  in  front,  to 

last  the  poison-fang  is  attached. 

le  maxilla  is  fixed  anteriorly  to  the  convex  inferior  surface  of  the 
ontal  by  a  joint  which  permits  of  a  certain  amount  of  gliding,  and 
«terior  surface  of  the  pterygoid  is  connected  by  a  ligament  to  the 
ito-mandibular  joint.  The  whole  bar  is  freely  movable  in  an 
i-posterior  direction.  When  the  pterygo-transverse  bar  is  moved 
•ds,  the  maxilla  is  pushed  forward.  The  forward  movement  of 
axilla  is,  however,  soon  stopped  by  a  strong  ligament  attaching  it 
8  prae-frontal.  If  now  the  pterygoid  and  transverse  advance 
r,  bending  occurs  at  the  joint  between  the  transverse  and  the 
a,  the  latter  rotates  with  its  lacrimal  attachment  as  a  fixed  point, 
be  fang  presents  in  a  still  more  forwaid  direction.  The  pulling 
\\  of  the  pterygoid  bar  is  in  all  aises  performed  by  the  spheno- 
;oid  and  parieto-pterygoid  muscles. 

ccept  when  the  snake  is  prejmred  to  strike,  the  poison-channel 
the  gland-duct  to  the  fang  is  not  completed.  As  already  men- 
,  the  duct  opens  on  a  papilla,  which  is  situated  on  the  anterior 
B  of  the  sheath  of  mucous  membrane  which  embraces  the  fang 
I  dentis).  To  complete  the  channel  it  is  necessary  that  this  papilla 
)Ught  into  apposition  with  the  opening  of  the  poison-canal  at  the 
f  the  fang.  This  apposition  of  the  orifice  of  the  poison-duct  with 
Aq  in  the  fang  is  brought  about  with  wonderful  exactness,  and  in 
T  experience  we  can  only  recollect  two  instances  in  which  the 
icion  at  this  point  was  leaky.  It  is  accomplished  in  Australian 
\  partly  by  the  pulling  forward  of  the  anterior  surface  of  the  fang 
t  the  o|)ening  of  the  duet,  in  the  erection  of  the  former  as  described 

and  piirtly  by  pulling  the  mucous  sheath  backwards  tightly  against 
K)th.  This  latter  is  accomplished  precisely  at  the  right  moment, 
16  of  the  most  important  muscles  in  closing  the  jaws  upon  any 

bitten,  the  internal  pterygoid,  sends  off  two  small  tendinous 
i?ie8  which  are  inserted  into  this  mucous  sheath  on  each  side  of  the 

80  that  the  harder  the  reptile  bites  the  tighter  the  papilla  is 
►L.  II.  -PT.  II  3  E 
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pulled  into  the  proximal  aperture  of  the  fang  canal.  The  «iperture  i?  Kr 
this  means  actually  corked.  When  the  snake  strikes  it  closes  its  javi 
like  a  dog  on  the  part  bitten.  Thus  the  poison  is  discharged  at  tk 
moment  the  fangs  penetrate  the  skin. 

The  Effects  of  various  Reagents  on  the  Toxic  Properties  of  VenoR 
— Ileagents  which  precipitate  proteids  in  an  insoluble  form,  or  destrof 
them — such  as   platinum  or  gold  chloride,  silver  nitrate,  nitric  add  ii 
excess,  or  permanganate  of  potash, — render  venoms  inert.     Solotiooi  of 
the  hypochlorites  have  the  same  effect.      Carbolic  acid  if  allowed  a 
remain  in  contact  with  dilute  venom  for  twenty-four  hours  destron  ta 
virulence.     Prolonged  action  (forty-eight  hours)  of  caustic  potash  or  sodi 
also   destroys  venoms.      Gastric  digestion  does  not  affect  cobra-TeMi 
nor   pseudechis- venom.      Weir   Mitchell    states    that    gastric  digotid 
destroys  the  power  of  crotalus-venom.      Fontana  found   the  poboo  of 
the  European  viper  to  be  unaffected  by  this  means.      All  yenoms  m 
destroyed  by  pancreatic  digestion. 

Under  a  variety  of  conditions  the  toxins  of  venoms  undergo  cfaanp 
whereby  their  toxicity  is  diminished  or  lost,  whereas  the  power  i 
combining  with  the  corresponding  antitoxin  is  maintained  (t/aA 
formation).  This  was  first  pointed  out  by  Drs.  Myers  and  StepiieBL 
Flexner  and  Noguchi  have  made  some  most  interesting  experinenii 
on  the  formation  of  toxoids  from  the  natural  venoms.  Working  witi 
the  venoms  of  the  cobra  and  of  the  rattlesnake,  they  found  that  ik 
neurotoxin  was  converted  into  toxoid  by  keeping  a  sterile  solution  of  tk 
poison  for  some  time  at  room-temperature  ;  this  change  took  place  bw« 
rapidly  when  the  solution  was  kept  at  37''  C.  The  haemolysin  il» 
undergoes  rapid  toxoid  formation  when  the  venom  solution  is  kept  tf 
37"^  C.  Such  treatment  has,  however,  no  effect  on  the  haemorrbagin,  tk 
constituent  of  ^crotalus-venom  which  is  responsible  for  the  severe  \(^ 
reaction  and  for  the  haemorrhages,  and  which  these  observers  conaiderti 
be  of  the  nature  of  a  cytolysin  for  the  endothelium  of  the  capillarr  iJ 
arteriole  walls.  If,  however,  crotalus-poison  be  treated  with  hydrochWt 
acid  in  weak  solution,  namely  0*2  to  1  per  cent,  there  is  a  markei 
diminution  of  activity  of  the  haemorrhagin  constituent ;  this  diminuli* 
is  of  the  nature  of  a  toxoid  formation,  since  by  injecting  rabbits  viA » 
venom  solution  heated  in  this  way  a  fairly  strong  anti-hiemorriiagv 
scrum  could  be  prepared.  Similarly  by  treating  crotalus-venom  with  • 
solution  of  iodine  trichloride  (0*2  per  cent)  toxoid  formation  of  tk 
haeniorrhagin  was  obtained.  Cobra  and  daboia  poisons  treated  in  tk 
same  way  with  iodine  trichloride  failed  entirely  to  yield  any  toxoids,  tk 
poisons  being  completely  destroyed. 

Separation  of  the  Poisonous  Ck)nstituents  of  a  Venom. — ^ThediffieR^ 
toxins,  a  mixture  of  which  constitutes  a  particular  venom,  have  in  *•• 
cases  been  separated  from  one  another.  This  has  been  accomplished  ii 
several  wavs. 

(1)  Heating  to  70''  to  100''  C,  according  to  the  particular  reno* 
Fibrin-ferments,  hsemorrhagins,  and  some  neurotoxins  are  destroyed  «* 
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75*-80\  whereas  other  neurotoxins  and   some  haemolysins,   e.fj,  eobni, 
withstand  boiling. 

(2)  Dialysis  or  filtering  through  a  gelatin  filter  supported  in  the 
pores  of  a  Pasteur-Chamberland  candle,  e.g.  fibrin-ferments  and  haimor- 
rbagins  do  not  dialyse. 

(3)  The  hapmolysins  may  be  separated  from  neurotoxins  and  the  other 
;  ejtolysins  by  digestion  with  red  blood-cells  in  the  presence  of  serum 
.  previously  heated  to  56°  C. ;  and  the  cytolysins  for  any  given  organic  cell 
■■:  ci  an  animal  may  be  abstracted  from  a  venom  by  digesting  it  at  O"*  C^ 

with  an   emulsion  of  such  cells.     In  the  same  way  it  has  been  found 
that  the  neurotoxin  is  absorbed  by  brain-cells  (Flexner  and  Noguchi). 

(4)  The  haemolysin  of  cobra-poison  can  be  separated  from  the  neuro- 
toxin by  shaking  a  solution  of  venom  with  lecithin  dissolved  in  chloro- 
form. The  haemolysin  combines  with  the  lecithin  to  form  an  active 
lecithide,  which  dissolves  in  the  chloroform  and  can  be  subsequently 
precipitated  by  ether;  the  neurotoxin  remains  in  the  watery  solution. 
The  cobra  lecithide  is  strongly  haemolytic  for  the  red  cells  of  all  species 
^with  which  it  has  been  tried.  Its  action  is  very  rapid ;  in  concen- 
"toated  solution  almost  instantaneous.  It  is  not  damaged  by  heating 
«t  100°  C.  for  six  hours,  and  is  much  less  influenced  by  a  cobra-venom 
«nti-8erum  than  the  hiemolysin  of  the  original  poison. 

The  watery  portion  separated  out  by  centrifuging  contains  the 
aieurotoxic  constituent  of  the  venom  quite  free  from  hsemolysin.  Jacoby 
lias  immunised  a  rabbit  with  this  neurotoxin  and  has  obtained  a  serum 
"which  has  a  weak  neutralising  action  on  the  neurotoxin  of  the  original 
'^enom.  Working  in  the  same  way  with  several  other  venoms,  Kyes  has 
lieen  able  to  prepare  haemolytic  lecithides ;  that  is  to  siiy,  compomids  of 
lecithin  with  the  hsemolytic  constituent  of  the  venom. 

The  Toxic  Value  of  Venoms. — Different  venoms  vary  greatly  ius 
mgards  their  degree  of  toxicity  :  also  the  minimum  lethal  dose  of  any 

v^ven  poison  varies  somewhat  for  different  animals  weight  for  weight. 

Sir  T.  R  Fraser  and  Major  Elliot  found  that  if  the  minimal  lethal 
^loee  of  cobra- venom  per  kilogramme  of  body -weight  for  rats  be  taken  as 
'luiity,  that  for  rabbits  =  1*2  and  that  for  cats  =  20,  whereas  the  minimal 
lethal  dose  of  the  venom  of  a  sea-snake,  Eiihj/drina  valakadien,  the  action  of 
which  is  very  similar  to  that  of  cobra-poison,  shewed  a  totally  different 
relationship  for  the  same  three  animals.  In  this  case  the  lethal  dose  was 
less  per  100  grammes  for  rabbits  than  for  i-ats,  and  if  the  minimum  for 
Tabbits  were  expressed  as  unity  that  for  rats  was  1  '5  and  for  cats  3*3. 
Sir  T.  R.  Fraser  and  Major  Elliot  regard  these  results  as  indicating  a 
material  difference  in  the  constitution  of  the  two  venoms,  notwithstand- 
ing the  similarity  of  their  physiological  action.  The  following  table 
shews  the  minimum  lethal  dose  of  some  of  the  more  important  poisons 
for  the  rabbit  expressed  in  milligrammes  per  kilogramme  of  weight.     In 

-^making  such  comparisons  it  is  important  that  only  venoms  derived  from 
iw^ently    captured    snakes    be    employed ;     for    in    confinement,    not- 
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withstanding  forced  feeding,  their  poison  soon  shews  a  fslliog  off  ini 
only  in  total  amoiuil  and  in  concentration  but  also  in  the  toxicity  of  lir 
dried  residue.  On  this  account  the  figures  in  the  table  bclowniutht 
regarded  as  approximate  only. 


Spedet  or  8ti*k« 

^  lSi«i»i.r™ 

"issr 

Indil— N«ja  trii.u.5i«nfl      , 

BaDgarus  fuciatUH 
BnliydnDa  vdakodien  . 
AuHt.ralIik— Natechu  Mut&tus 
DiemHuis  tcxtilis 

0-ss 

0-08 

2-B-3        ., 
0-06 
0-06           .. 

0-a 

OiM  mtliiipiBHi 

IndU-DaboiiTruBBemi      . 

Eohia  oarinats      . 

Lacheais  grainineus 
America— Crotat  UK  dutiasua 

0-2 
0-8 

1-2 

0-05 
2 

0-is 

The  most  toxic  venoms  are  evidently  those  of  the  Australiu  tjp( 
snake  and  the  sea-snake,  Enkydriwi  valakadiot,  then  comes  that  of  lit 
kniit,  B.  ^aruieiui.      The  least  toxic  are  those  of  the  banded  krsil 
the  green  pi^viper. 

Description  of  Venoms.  ^To  obtain  venom  in  a  pure  statoforpo 
)to3Bs  of  chemical  examination  and  ex peii  mental  inquiry,  the  liesl  jatliei 
is  to  allow  the  snake  lo  bit«  an  ordinaiy  large  watch-gluss  which  ha»  btn 
covered   with    thin    rubber  sheeting,  such  as  dentists  irse.     The  iuff 
penetrate  the  nibber  and  all  contamination  by  the  secretions  of  tliB 
is  efifeutiially  preverite>i.     Collected  in   this   way  the  amount  of  dried 
venom  which  a  receutly  captured  adult  cobra  yields  varies  from  '6O0  0 
I'lOO  c.c  contiiining  20I1  to  370  milligrammes  of  solid  mn'tor;  a  luge 
daboia  yields  about  the  same  qnantity  of  liquid  venom,  namely,  fn 
to  1  c.c,  but  containing  less  solid  matter — loO  to  250  tnillignun 
the  quantity  of   poison  obtained  from  the  smaller  Iiuliiin  snahei. 
as  the  ki'ait  and  the  phoorsn,  is  \'ery  much  less.     Calmettc  obtainnl  ikt 
following  yields  of  poison  from  snakes  in  captivity : — 


'  LaoiiPBis  (mndium  si 
I  CroUltiadargei 
Ccraatea     . 


One   of  us   (C.  J.  M.)   found   the   maximum  yield  of  two  i] 
of  Australian  snakes  to  he  :■ — 


r^lghl  m  HilI1«nnun>^     W^btbl  tn 


SNAKE'POISON  AND  SNAKE-BITE  789 


istnlian  tiger  snake 
[Notfchis  scutalus) 
ifltraliaD  black  snake 
[NoUchis  pseudeehis) 


Weight  in  MilligrammeH, 
afl  dinchaiiged. 


205 
160 


Wpi>;ht  in  MlHignunmes, 
dried. 


73 
94 


If  a  snake  be  kept  for  some  time  in  captivity  and  the  poison  extracted 
iilarly,  the  amount  of  venom  that  can  be  obtained  by  this  method  is 
siderably  diminished,  so  that  after  some  months*  incarceration  perhai)s 
Y  thirty  or  forty  milligrammes  can  be  got  from  a  full-sized  cobra. 
Snake-poison  is  in  most  instances  a  clear  limpid  fluid  of  a  pale  straw 
yellow  colour.  Some  venoms,  however,  such  as  that  of  Echis  carina  fa, 
re  always  a  certain  amount  of  suspended  matter.  The  colour  varies  with 
I  degree  of  pigmentation  of  the  snake,  and  also  with  the  concentration 
the  venom.  The  reaction  of  the  venom  is  almost  invariably  acid.  The 
alinity  observed  in  soipe  cases  may  be  accounted  for  by  admixture 
h  alkaline  saliva.  The  specific  gi-avity  of  venoms  varies  considerably  ; 
average  of  the  poison  obtained  from  250  cobras  Wiis  1110,  while  the 
rage  of  the  venom  from  53  daboiiis  was  found  to  be  1077  (Lamb). 
)  amount  of  solids  contained  in  these  two  poisons  was  found  to  corn*- 
nd  with  the  specific  gravity ;  thus,  the  percentage  of  solids  in  cobra- 
om  was  on  an  average  31  *5  and  in  daboia- venom  24*4.  The  variations, 
rever,  are  considerable,  in  the  case  of  cobra- venom  being  from  23  to 
per  cent.  Most  venoms  are  tasteless,  but  cobra-poison  has  a  disiigrc(v 
>,  intensely  bitter  taste. 

Venoms  dry  rapidly  at  IG*"  to  20'  C.  in  a  desiccator  over  calcium 
>iide.  As  they  dry  they  crack  in  the  same  manner  as  albumin  or 
a-arabic  in  the  same  circumstances,  and  form  translucent  scales  which 
e  suggested  a  crystalline  structure.  Dried  venoms  dissolve  again 
iily  and  completely  in  water.  Perfectly  dry  venom  in  a  well-corked 
tie  keeps  indefinitely.  Weir  Mitchell  kept  some  crotal us- venom  in  his 
session  twenty-two  years  without  apparent  diminution  of  toxic  j)ower. 
have  had  some  venoms  for  thirteen  years  which  are  as  deadly  at  tho 
sent  time  as  when  first  procured.  Venoms  in  solution  in  water  do  not 
p ;  and  the  numerous  Jissertions  that  dried  venom  detenorates  with  age 
r  be  accounted  for  by  imperfect  desiccation.  Solutions  of  venom  in 
Jerin  keep  indefinitely  (Weir  Mitchell). 

Microscopical  examination  of  puie  venom  revwds  nothing  except  an 
L8ional  epithelial  cell  ;  but  if  the  poison  be  contaminated  with  fluids 
Q  the  mouth  it  contains  epithelial  scales  and  salivary  corpuscles  in 
ndance,  and  also  bacteria  of  various  kinds. 

Composition  of  Venoma. — It  has  long  been  known  that  snake- venoms 
Lain  albuminous  bodies  in  solution ;  but,  owing  to  ignorance  of  the 
c  properties  of  proteids,  the  active  principle  was  sought  for  in  oth<;r 
itituents.      Weir   Mitchell   was    the    first    to  demonstrate    that    the 
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poisonous  properties  of  rattlesnake- venom  reside  in  the  albuminous  a*- 
stituents ;  and  the  work  of  this  accomplished  author  on  the  venom  of  tke 
rattlesnakes  formed  the  first  step  in  our  knowledge  of  toxic  protekk 
Since  Weir  MitchelFs  work  was  published  his  results  have  been  extended 
by  other  observers  to  a  number  of  different  kinds  of  snakes. 

Venoms  consist  for  the  most  part  of  solutions  of  modified  proteid<,  Mid 
all  att^^mpts  to  separate  the  toxic  principles  from  such  proteids,  a  aepuir 
tion  which  has,  for  example,  been  accomplished  by  Jacoby  and  Hanwiwim 
for   ricin    and   abiin,    have    hitherto   been    imsuccessful.      Acconlinglj. 
at  the  present  time  we  must  regard  such  toxic  principles  as  residing  ifl 
some  special  grouping  of  a  portion  of  the  atoms  in  the  'complex  veoon 
proteid  molecule  ;  although  it  is  possible  that  this  is  a  side-chiun  and  our 
be  ultimately  capable  of  differentiation  as  a  separate  entity.     Yenostf  are 
by  no  means  simple  solutions  of   one  poisonous  substance;   the  mon 
they  have  been  studied  the  more  complex  have  they  been  shewn  to  I* 
The  analysis  of  their  physiological  actions  has  proved  them  to  be  made  up 
of  a  great  many  more  constituents  than  would  be  imagined  from  tbeir 
chemical  examination.     Different  venoms  have  been  found  to  contjun  ow 
or  more  of  the  following: — (1)  A  powerful  fibrin-ferment;  (2)aninfr 
fibrin-ferment ;  (3)  a  proteolytic  ferment ;  (4)  various  cytolysins — capibk 
of   acting  upon  rod  blood-cells,  leucocytes,  endothelial  cells  of  ve«k 
HJjrve-cells,  and  the  cells  of  various  other  tissues  ;  these  cytolysins  are 
probably  distinct  for  each  variety  of  cell  and  are  of  the  nature  of  ambo- 
(Mjptors  ;    (5)  agglutinin  for  red  blood-cells,  etc. ;  (6)  an  antibactenckU 
body,  of  the  nature  of  anti-complements ;    (7)  a  neurotoxin  or  neuro- 
toxins with  affinities  for  all  nerve-cells  and  especially  for  the  cells  d 
the  respiratory  centre  in  the  bulb,  although  the  special  affinities  of  the 
neurotoxic  constituents  vary  somewhat  with  each  venom ;    (8)  a  nemo- 
toxin  with  an  affinity  for  nerve-endings  in  muscle,  and  for  those  in  tk 
diaphragm  in  particular ;  (9)  a  substance  which  causes  greatly  increaied 
tone  in  cardiac  muscle,  and  if  in  sufficient  concentration  systolic  stand- 
still   of  the  isolated   heart.       This    substance  pi*oduces  also  a  similar 
stimulating  action  on  the  muscle  of  the  arterial  walls.     No  venom  ye^ 
studied  is  possessed  of  all  the  above  constituents,  and  the  dissimiUrity 
in  the  effects  produced  upon  man  and  animals  after  poisoning  with  tlie 
venoms  of  diff*erent  snakes  is  due  to  the  proportions  in  which  the  differfDt 
i^i-oups  of    toxic  substances  occur  in  the  particular  venom.     While  in 
different  venoms  we  may   recognise  substances  with  the  same  physio- 
logical  action,  it  is  not  to  be  taken  for  granted  that  such  substances  arr 
identical.     Recent  experiments  ^vith  the  serum  of  animals  immunised  with 
diffi  rout  venoms  have  shewn  that  many  of  these  constituents  from  different 
venoms,  even  when  incapable  of  differentiation  by   their  physiolo^d^ 
a<itioii,  display  their  non-identity  by  the  inability  of  an  anti-serum  prepawl 
with  one  poison  to  neutralise  the  constituents  of  similar  action  of  another 
poison  ;  or  expressed  in  tenns  of  Ehrlich's  nomenclature,  that,  althon^ 
file  toxophorous  groups  maybe  similar,  the  haptophors  are  dissimilar. 
'Hiis  has  been  especially  shewn  in  the  case  of  the  hasmolysins  of  venonw. 
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Further,  by  nieaiis  of  the  senira  preci|iitin  test  ib  has  been  shewn  ihat 
ibe  prot^ids  of  one  venom  may  differ  from  those  of  another  poison, 
ullhoiigh  the  physiological  uctions  of  the  two  veiioma  are  apparently 
identical.  Thus,  the  serum  of  a  nibbit  immunised  with  pure  cobra- venom 
f'auses  a  copious  precipitum  witb  cobra-venom,  but  none  whatever  whoti 
■nixed  with  the  venom  of  the  king  cobra,  the  physiological  action  of 
"  hii;h  poison  cannot  be  diHerentiated  experimentally  from  that  of  the 
i-'obra.  The  importance  of  these  facta  on  the  specificity  of  venoms  in 
runnexion  with  the  sfirum  therapeutics  of  snakc-bito  will  be  at  once 
t'vrdent,  and  we  shall  have  to  return  to  this  ciueation  later  when  dis- 
riissing  the  treatment  of  cases  of  snake'venom  intoxication. 

Behav'tmtr  of  Ceiu/nw  with  /Imgenls. — Venoms  give  all  the  reactions 
rhuracteristic  of  proteids  with  the  usual  pro teid- reagents.  On  dialysis 
more  or  less  of  the  proteid  in  venom  is  thrown  out  of  solution,  the  amount 
i-aT>-ing  with  different  venoms.  To  judge  by  the  hitherto  recorded  oljser- 
vstiona,  it  is  greatest  with  crotalus-poisoti,  and  least  with  that  of  the 
eobra.  Saturation  with  ammonium  sulphate  completely  precipitates  all 
the  proteids,  and  the  filtrate  is  innocuous.  Saturation  with  sulphate  of 
magnesium,  or  chloride  of  sodium,  and  partial  saturation  with  ammonium 
sulphate  produce  a  separation  of  the  proleids  in  venoms ;  and  in  the  case 
of  most  venoms  both  the  precipitate  and  the  filtrate  are  possessed  of 
poi.'jonous  properties.  Altaolutc  alcohol  in  excesi  entirely  precipitates  all 
proteiils  from  venom  solutions,  and  the  filtrate  is  not  poisonons.  After 
.sfijoiirn  under  alcohol  the  bulk,  and  in  some  cases  the  whole,  of  the  pro- 
teid is  readily  soluble  in  dilute  saline  solutions,  and  the  solution  possesses 
the  same  properties  and  nearly  the  same  toxicity  as  the  original  venom. 

Kffeei  0/  Seat  upon  /Vnoms.— Solutions  of  all  snake-poisons  bo  far 
i^XiUnined  contain  a  considerable  amount  of  proteid  coagulable  by  heat, 
which,  according  to  the  observations  recorded  below,  appears  not  to  vary 
greatly  in  the  poisons  of  different  species  of  snakes.  The  following 
ta.ble  gives  the  percentage  for  the  venoms  of  three  Indian  species — two 
colubnne  and  one  viperine — and  of  crotalus : — 


Cobnu 

Budm  Knik 

DkMi. 

C«Uln«. 

Coagalabl*  proteids  . 
agnlation  tskes  iilaeu 

78 

20 

70^so°  C 

26 
7G 

eo=-70'  c. 

Although  the  amount  of  proteid  coagulated  by  iieating  varies  so  little, 
the  effect  produced  upon  the  toxicity  of  the  different  venoms  by  bringing 
their  solutions  to  a  temperature  of  70-S0°  C.  for  a  few  minutes  is  strikingly 
different.  Cobra-poison,  for  instance,  is  little  if  at  all  reduced  in  toxicity 
by  such  treatment ;  whereas  the  venoms  of  the  viperine  snakes,  crotalus 
and  daboia,  are  rendered  riearly  but  not  quite  inert.  The  effect  upon  a 
number  of  other  venoms,  such  iis  those  of  the  Australian  snakes,  jVo^itAik 
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scutdtvs  and  N.  psendechhy  is  intermediate ;  they  lose  some  portion  of  their 
toxic  qualities  whilst  retaining  others.  When  a  particular  coagoLibfe 
constituent  is  toxic,  raising  the  solution  to  the  temperature  at  which  thii 
coagulates  renders  it  inert.  If  the  heating  be  carried  to  the  boiliDg-poim 
a  further  gradual  diminution  in  toxicity  is  brought  about  in  all  venoiH, 
and  continuous  boiling  for  a  few  hours  deprives  them  of  all  poisooooi 
action. 

The  effect  of  heat  is  twofold  : — (1)  a  more  or  less  rapid  destmcdi* 
of  a  poisonous  constituent  of  some  venoms  by  coagulation  ;  (2)  a  gradail 
deterioration  by  prolonged  heating,  the  effect  of  which  is  more  n^d  the 
higher  the  temperature  and  the  weaker  the  solution. 

Perfectly  dry  venoms  may  be  submitted  to  a  temperature  slighdr 
above   100"  C.  without  diminishing  their  toxic  power.       Some  of  the 
proteids  present  in  venoms  are  classified  with  ditticulty  in  our  preaeal 
system.     A  classification  which  is  determined  (amongst  other  reactkni) 
by  solubility  in  water  or  dilute  saline  solutions,  coagulation  by  heat,  ud 
solubility  or  insolubility  in   water  or  saline  solutions   after  prolooged 
sojourn  under  alcohol,  is  a  very  arbitrary  one ;  and  it  is  to  be  expected 
that,  as  our  knowledge  of  proteids  increases,  more   individuals  of  tbe 
group  will  be  found  which  refuse  to  fall  into  line  with  the  memben 
hitherto  known.      The  toxic  proteids  of  the  poison  of    pseudecbis  ut 
completely  precipitated   by  absolute  alcohol    in    excess ;    yet   after  six 
months   under  alcohol   these  proteids  dissolve  readily   and   entirely  ia 
dilute  saline  solutions.     This  poison,  nevertheless,  contains  a  body  whiA 
by  its  solubility  in  water  and  coagulation  by  heat,  would  lead  one  to 
class  it  with  al])umins.      The  solution  of  the  alcoholic  precipitate  fi» 
coaguhites  on  heating.     Venoms  contain  proteids  which  possess  on  the 
one  hand  characteristics  of  the  albumins  or  globulins,  and  on  the  oilier 
those  of  proteoses.     This  has  led  to  a  certain  amount  of  confusion— «« 
observer  classifying  a   venom  proteid   with  the  albumins  or  globuKai 
because  of  its  behaviour  when  heated  in  solution,  another  preferring  t* 
place  the  same  proteid  amongst  the  albumoses  on  account  of  its  ood- 
tinued  solubility   in   water  or  dilute   saline   solutions    after   prolonged 
sojourn  und^r  alcohol. 

Analysis  of  the  Physiolofirical  Action  of  Snake-venom& — Mel^ 
of  Ahwrptiau  of  Venom. — Venoms  may  enter  the  body  by  a  number 
of  channels.  The  onset  and  train  of  symptoms  vary  with  the  rsiMdiU 
with  which  they  reach  the  circulation.  In  cases  of  snake -bite  tke 
])oison  is  usually  deposited  in  the  subcutaneous  tissue,  whence  it  re»dw 
the  general  circulation,  principally  by  absorption  through  the  Wood- 
vessels.  When  introduced  into  a  serous  cavity,  absorption  is  muck 
<piicker  :  and,  if  introduced  directly  into  a  vein,  the  effects  are  manifeiteii 
instantaneously.  Venoms  are  readily  absorbed  from  the  conjuncdn. 
Feedinji;  an  animal  with  snake-poisons,  even  when  the  diet  contains  dailT 
ji  hundred  times  the  fatal  dose,  does  not  produce  any  symptoms  of 
poisoning,  provided  there  be  no  abrasion  of  the  mucotis  membrane. 
The  poison  has  not  been  recovered  from  the  faeces,  so  that  it  most  ^ 
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destroyed  by  the  digestive  juices.  As  mentioned  above,  pancreatic  juice 
has  been  found  to  destroy  all  those  venoms  with  which  the  experiment 
has  been  made.  Major  Elliot  has  shewn  that  when  the  actions  of 
the  various  digestive  juices  do  not  come  into  play  cobra- poison  can  be 
absorbed  from  the  small  intestine.  There  is  a  stnking  difference  in  the 
effects  pnxiuced  by  subcutaneous  and  intravenous  injection  of  modei-ate 
quantities  of  those  venoms  which  contain  fibrin -ferment  (see  p.  800). 
Even  very  small  quantities  of  such  poisons  intravenously  introduced 
occasion  extensive  intravascular  clotting  and  sudden  death ;  whereas, 
placed  under  the  skin,  unless  in  relatively  large  quantities,  the  throm- 
bosis is  only  local,  and  this  in  itself  retards  the  further  absorption  of  the 
poison. 

General, — During  recent  years  not  only  has  a  considerable  amount  of 
exp)erimental  work  on  the  physiological  action  of  different  snake-venoms 
and  on  the  individual  poisons  contained  in  them  been  carried  out,  but 
great  strides  have  been  made  in  our  knowledge  of  the  mode  of  action  of 
toxins,  cytolysins,  and  enzymes,  to  which  venoms  are  closely  analogous. 
The  poisonous  constituents  of  venoms,  as  has  been  previously  mentioned, 
are  modified  proteids.  They  belong  to  the  first  of  the  two  main  groups 
into  which  Ehrlich  has  divided  substances  possessing  pharmacological 
action.  Ehrlich's  view  of  the  action  of  this  group  is  l)ound  up  with  his 
conception  of  the  nature  of  the  living  protoplasmic  molecule  as  a  nucleus 
with  side-chains  of  various  descriptions.  According  to  this  hypothesis, 
assimilation  of  food-stuffs  consists  in  the  linking  on  to  the  central  molecule 
of  the  food-molecule  as  a  fresh  side -chain.  The  common  features  uf 
aiibstances  of  this  first  class  are  their  close  resemblance  to  assimilable 
substances  or  food-stuffs,  and  the  special  affinity  exhibited  by  different 
bodies  of  this  class  for  particular  cells.  They  are  thus,  so  to  speak, 
selectively  absorbed  by  one  class  of  cells  from  the  circulating  fluids,  so 
that  they  gradually  become  attached  to  them,  and  to  them  only.  In  this 
way  even  excessively  small  quantities  exercise  a  potent  influence. 

This  first  group  of  Ehrlich  includes  all  those  bodies  with  chemical 
character  more  or  less  allied  to  proteids,  to  which  the  toxins  and  enzymes 
belong.  All  of  these,  whether  produced  by  the  activity  of  bacteria — as 
tetanus  or  diphtheria  toxins, — or  by  higher  plants — as  ricin,  abrin,  or  the 
toxin  of  grass-pollen,  which  is  responsible  for  hay-fever, — or  in  animals— as 
rennet,  trypsin,  or  the  venoms  of  snakes, — are  produced  by  living  cells. 
These  toxins  and  enzymes  possess  the  capacity  of  attaching  themselves  to 
particular  cells  or  molecules,  much  as  a  key  fits  a  particular  lock  or  series 
of  locks;  and  being  affixed  to  the  cell  they  occasion  such  a  disturbance  of 
the  normal  activities  of  the  cell  that  its  function  is  disturbed  or  destroyed, 
and  in  some  cases  the  cell  itself  is  disorganised.  They  also  possess  in 
common  the  capacity  of  arousing  the  formation  of  anti-bodies  in  excess 
when  injected  into  an  animal  at  suit«ibly  spaced  intervals. 

For  these  and  other  reasons  snake-venoms  must  be  classed  with 
toxins,  lysins,  and  enzymes,  and  a  general  survey  of  the  principal  actions 
of  their  constituents  shews  that  they  may  be  grouped  in  three  classes : — 
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( 1 )  Neurotoxins,  which  combine  with  nerve-cells  and  render  them  inacUTe. 
These  often  exhibit  a  strikingly  selective  action  upon  |)articular  groapi 
of  cells.  (2)  Cytolysins,  for  a  number  of  animal  cells,  such  as  red  blood- 
corpuscles,  endothelial  cells  of  blood  -  vessels,  leucocytes.  (3)  Fibrin- 
ferments,  the  injection  of  which  occasions  intravascular  clotting.  Tlui 
does  not  exhaust  the  whole  of  the  poisonous  components  of  some  venoiBS 
which  contain,  in  addition  to  representatives  of  one  or  more  of  the  abort 
groups,  substances  possessed  of  actions,  such  ixs  that  of  cobra-poison  oo 
the  muscular  tissue  of  the  heart  and  arterial  wall,  or  that  of  a  constitueitt 
of  rattlesnake-poison  which  inhibits  the  normal  bacteriol^^tic  action  of  the 
serum.  There  are  also  proteolytic  ferments  in  crotalus  and  some  otber 
venoms,  but  these  are  of  subsidiary  importance,  and  along  with  othen 
will  be  mentioned  later. 

Poisons  which  possess  a  special  affinity  for  nerve-cells  are  present  ia 
grciiter  or  less  amount  in  all  venoms,  bu^  speaking  generally,  they  are  d 
greater  potency  and  are  present  in  greater  amount  in  the  venoms  of  co1q> 
brine  snakes  than  in  those  of  the  Viperidae. 

One  or  more  cytolysins  exist  in  most  venoms,  and  have  been  BkewB 
by  Flexner  and  Noguchi  to  be  of  the  nature  of  amboceptors  ;  after  theee 
have  combined  with  the  cells  the  latter  undergo  destruction  and  aolutiot 
under  the  influence  of  complements  contained  in  the  animaUs  own  serum. 
Many  venoms  exert  a  destructive  action  upon  more  thar.  one  class  ol 
cell,  an  action  brought  about  by  the  presence  of  a  plurality  of  cytolyeiDi 
(B^lexner  and  Noguchi).  The  action  of  some  of  the  best  known  cytohTnm 
in  venoms  will  be  discussed  in  dealing  with  that  of  snake-poisons  upoi 
blood  and  blood-vessels. 

The  fibrin-ferments  exist  in  greater  or  less  amount  in  the  venoms  of 
viperine  and  in  many  of  the  colubrine  snakes.  Their  action  is  importint 
in  bringing  about  the  rapid  death  of  small  animals  on  which  these  r^>tiifli 
prey  :  but  this  result  seldom  occurs  in  cases  of  snake-bite  in  the  humai 
subject,  unless  the  poison  has  accidentally  been  introduced  directly  into 
a  vein. 

Every  venom  does  not  contain  toxins  belonging  to  all  three  of  the 
above  groups,  and  the  difference  in  the  results  of  the  injection  uf  tbe 
poison  of  different  snakes  is  largely  due  to  the  variation  in  the  proportioi 
in  which  representatives  of  the  above  groups  exist  in  venoms.  The  con- 
stituents of  different  venoms  belonging  to  the  same  group  are  not  usiullj 
identical,  but  display  differences  in  the  details  of  their  action ;  and  even 
when  this  action  is  similar,  the  absence  of  complete  identity  is  shewn  b? 
the  observation  that  an  anti-body  produced  against  one  particular  toxin  ii 
either  without  effect  upon  others  or  else  requires  a  considerably  increMed 
amount  to  neutralise  it. 

Action  of  Veiunns  mi  fh'  Netixma  Systenu  —  The  determination  of 
the  exact  physiological  action  of  a  poison  on  the  nervous  system  of 
the  higher  animaU  is  always  difficult  The  difficulties  are  enormouslj 
irunvased  when  the  poison,  as  is  the  case  with  some  snake-venoms,  contiini 
constituents  which  profoundly  affect  the  blood  and  the  whole  circulatorr 
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Apparatus  also.  In  such  a  case  special  precautions  have  to  be  taken  to 
distinguish  effects  which  are  due  to  the  primary  action  of  the  poison  on 
nervous  tissue  from  those  which  are  secondary  to  changes  produced  on 
the  circulation  and  blood.  The  early  experimenters  did  not  realise 
that  most  viperine  and  many  colubrine  venoms  contain  fibrin-ferments, 
which  occasion  extensive  intravascular  clotting  if  introduced  directly 
iuto  the  blood-stream  even  in  minute  quantities,  and  often  do  so  when 
subcutaneously  injected  in  larger  amounts  into  small  animals ;  this 
has  naturally  been  the  cause  of  the  greatest  confusion  in  interpreting 
some  of  their  experimefital  results,  especially  those  in  which  the 
poison  was  introduced  into  a  vein.  The  striking  manifestations  of 
<iisturbance  of  nervous  activity  which  follow  sudden  cessation  of  the 
circulation  have,  in  ignorance  of  this  property  of  some  venoms,  been 
attributed  to  the  direct  action  of  the  poison  upon  the  nervous  system. 

The  general  feature  of  poisoning  by  all  venoms  consists  in  depression 
of  nervous  activity,  with  gradual  onset  of  inco-ordination,  lethargy  with 
diminished  reflex  response,  coma,  and  cessation  of  respiration.  The 
particular  feature  of  the  poisoning  by  individual  snakes  is  determined 
by  the  potency  and  character  of  the  neurotoxin  contained  in  its  venom, 
and  the  relation  of  this  neurotoxin  to  constituents  toxic  for  other  cells  of 
the  organism. 

The  venoms  of  colubrine  snakes,  the  physiological  action  of  which  has 
been  studied  in  some  detail,  are  those  of  the  cobra,  hamadryas,  the  krait«, 
the  sea-snake,  Enhydrina  valakadieUy  the  Australian  snakes,  Notfclm  mcviafuii, 
iV.  pseudechis,  and  Amnthophvi  antarcticns.  With  all  of  these  venoms  the 
paralytic  action  upon  the  nervous  system  is  the  best  marked  feature  of 
their  action.  Frogs  injected  with  these  poisons  soon  lose  all  reflex 
activity,  and  their  spinal  cords  become  totally  inexcitable.  Mammals 
become  progressively  paralysed  until  death  ensues  from  paralysis  of  the 
i-espiration ;  if,  as  is  the  case  in  cobra-poisoning,  the  circulation  be  well 
niaintained,  the  animal  may  be  kept  alive  by  artificial  respiration  for 
honrs,  during  which  period  reflex  action  is  entirely  abolished.  Cobra- 
venom  is  particularly  suitable  for  this  experiment,  as  owing  to  the  direct 
Btinnilative  action  of  this  venom  upon  the  arterioles  the  blood-pressure 
does  not  fall 

Respiratory  paralysis  is  quickly  brought  about  in  mammals  by 
bringing  the  poisons  into  contact  with  the  central  nervous  mechanism 
trhich  controls  respiration ;  this  can  be  done  by  placing  a  few  drops  of  ;i 
solution  of  venom  in  the  fourth  ventricla 

If,  after  the  subcutaneous  injection  of  one  of  the  above  venoms, 
wmoltaneous  records  of  the  respiration  and  blood -pressure  be  taken 
rluring  the  poisoning  of  a  dog  or  rabbit,  the  circulation  is  found  to  be 
fairly  well  maintained  up  to  the  time  that  all  respiratory  movements 
have  ceased,  and  may  subsequently  undergo  a  marked  asphyxial  rise. 
shewing  that  the  vasomotor  centre  is  still  functionally  active.  If,  how- 
ever, asphyxia  be  obviated  by  artificial  respiration,  the  vasomotor  centre 
fails  shortly  after  the  respiratory  centre,  and  the  pressure  slowly  falls  to 
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a  few  millimetres  of  mercury  pressure,  except  in  experiments  with  eoUa- 
poison  and  that  of  Bungarus  aeruleus,  where  direct  arterial  constriction 
occurs. 

From  what  has  just  been  said  it  is  clear  that  certain  groups  «i 
nerve-cells  in  the  medulla  exhibit  a  special  susceptibility  to  the  action 
of  the  neurotoxins  in  these  venoms,  and  that  the  cells  connected  witb 
the  central  nervous  mechanism  of  respiration  are  particularly  affectaL 
The  neighbouring  cells  in  the  bulb  participate  early  in  the  paralysis,  s<> 
that  more  than  one  observer  has  drawn  attention  to  the  similarity  of  the 
symptoms  of  snake -poisoning  to  those  of  the  late  stages  *of  bulbar 
paralysis. 

The  influence  of  the  neurotoxins  of  venoms  upon  nerve-cells  is  du 
confined  to  an  interference  with  function ;  in  cases  where  they  h»v< 
been  looked  for,  structural  changes  in  the  nerve-cells  have  been  found  to 
follow  injections  of  these  poisons.  Kilvington  found  that  the  cells  of  the 
spinal  cords  of  rabbits  poisoned  with  the  venom  of  NoUchis  scHiati* 
exhibited  degenerative  changes  resembling  those  described  by  Dr.  Mott 
in  abrin- poisoning.  Preparations  stained  by  NissFs  method  shew^l 
chromatolysis  and  ultimately  disappearance  of  all  staining  particles.  No 
swelling  of  the  cell  occurred ;  the  nuclear  outline  vanished,  and  in  some 
cases  disappeared,  but  the  nucleolus  remained.  Many  of  the  cells  were 
represented  by  mere  "ghosts,"  which  suggested  a  cytolytic  process.  Uulws 
the  animals  survived  the  poisoning  for  four  or  five  hours  no  changes  in 
nerve-cells  could  be  detected. 

The  nervous  systems  of  monkeys  killed  with  the  venom  of  cobra,  of 
Buufiarus  ftmintus^  of  Bungarus  aerulcwi,  and  of  daboia,  have  becu 
examined  microscopically  by  Lamb  and  Hunter.  With  the  venoms  of 
the  first  four  they  pioduced  an  acute  chromatolysis  of  the  ganglioo-cclU 
througliout  practically  the  whole  cerebrospinal  nervous  system.  These 
changes  were,  as  a  rule,  most  marked  in  the  cord,  less  so  in  the  cerebnl 
cortex,  and  least  apparent  in  the  |x>ns  and  medulla ;  the  longer  the 
animal  lived  after  receiving  the  venom  the  more  extreme  was  the 
chromatolysis.  Xo  changes  were  visible  in  the  ganglion-celU  of  monkeys 
dying  within  two  hours  of  injection.  In  none  of  the  animals  did  the 
peripheral  nerves  shew  signs  of  degeneration.  No  changes  in  the  nen^ 
cells  were  observed  in  monkeys  killed  with  the  poison  of  Daboia  msstliti 
although  one  of  them  lived  for  sixty  hours.  It  has  already  been  men- 
tioned that  venoms  contain  cytolysins  for  red  blood-cells,  leucocytes, 
endothelium,  etc.  In  the  case  of  these  cytolysins  the  mechanism  h«s 
been  shewn  by  Flexnor  and  Noguchi  to  be  analogous  to  serum-hemolysiss 
the  venom  constituent  acting  as  an  amboceptor,  and  the  cell  destructioo 
being  brought  about  by  a  complement  present  in  the  animal's  own  serum- 
The  a|)pe«arances  seen  in  the  nerve-cells  of  animals  which  have  lived  for 
two  or  three  days  after  snake-poisoning  strongly  suggest  that  the  actioB 
of  the  neurotoxins  may  also  belong  to  this  category.  This  view  would 
explain  both  the  latent  period  which  ensues  before  the  onset  of  panilysisi 
when  only  minimal  fatal  doses  are  employed,  and  also  why  no  changeis 
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csiri  1)6  detected  in  the  cases  in  which  death  ensues  within  a  few 
hours. 

With  viperine  poisoning  direct  action  upon  the  nervous  system  is  not 
nearly  so  marked  as  with  the  venoms  of  the  colubrines.  The  neurotoxins 
of  viperine  venoms  are  less  potent,  or  present  in  much  smaller  amount, 
iirhile  the  actions  of  the  other  constituents  in  these  poisons  are  more 
pronounced. 

Of  the  poisons  of  the  viperine  snakes,  those  of  Crofalns,  JJaboia 
russellii,  and  Larhesis  anamallenm  have  been  best  studied  with  regard  to 
their  action  upon  the  nervous  system.  Symptoms  of  general  depression 
of  all  nervous  activity  occur  under  the  influence  of  these  poisons,  but  the 
respiratory  nervous  mechanism  does  not  appear  to  be  selectively  affected. 
As  will  be  mentioned  later,  these  poisons  occasion  a  striking  fall  of  blood- 
pressure,  which  is  due  to  an  action  upon  the  vasomotor  mechanism,  and 
18  attributed  by  Major  Rogers  to  paralysis  of  the  central  mechanism. 
Simultaneously  with  the  fall  of  pressure  the  respiration  becomes  shallower 
and  slower  until  it  ceases. 

There  exist  also  in  some  venoms,  e,g.  those  of  the  cobra  (Brunton 
and  Fayrt*r),  king  cobra,  kraits  (Rogers),  Kuhydrimi  valahulie^ii  (Fraser 
and  Pilliot),  neurotoxins  which  act  upon  the  nerve-endings  in  voluntary 
muscle  or  on  the  neuro-muscular  junctions,  in  a  manner  an<alogous  to 
the  alkaloid  of  curara.  This  action  is  more  easily  made  evident  in 
expHiriments  in  which  the  poison  takes  some  hours  to  kill,  or  in  those  in 
which  death  from  central  respiratory  failure  has  been  obviated  bv 
artificial  respiration.  The  phrenic  nerve-endings  appear  to  be  particularly 
susceptible  to  this  action,  for  it  is  found  that  the  diaphragm  ceases  to 
respond  to  the  stimulation  of  the  phrenic  nerves  at  a  time  when  irritation 
of  the  brachial  or  sciatic  plexus  with  the  induced  current  ]>ro<luces  good 
contractions  of  the  corresponding  muscles.  This  ciu^rji-like  action  is  not 
always  present  in  venoms  which  kill  by  causing  cessation  of  resfjiration. 
The  poisons  of  the  Australian  snakes,  Noteclm  acutaUis  and  N,  pseudechi.% 
both  of  which  contain  powerful  neurotoxins  with  a  special  affinity  for  the 
respiratory  centre,  have  no  such  action,  nor  was  Feoktistowable  to  discover 
any  such  action  with  the  venoms  of  CroUdm  or  V,  In'ms, 

m 

Chronic  Intaiiaition  dii^?  to  Action  upon  the  Nervous  Systmt, — The  jioison 
of  the  banded  krait  Butif/arus  fascuittts  contains  a  neurotoxin  which 
possesses  an  action  not  olwerved  in  ixjisoning  by  other  snakes.  Wall 
iii'st  pointed  out  that  in  acute  poisoning  by  this  venom  the  symptoms 
resembled  those  of  cobra  intoxication, and  death  took  place  from  imralysis  of 
respiration  ;  if,  however,  a  small  quantity  of  poison  was  injected,  the  animal 
shewed  no  acute  symptoms,  but  after  a  few  days,  in  which  no  departure 
from  health  was  noticed,  suffered  from  a  chronic  wasting  illness  charac- 
terised by  loss  of  appetite,  gi'eat  depression,  irregular  temperature,  and 
excessive  muscular  weakness.  Purulent  discharges  took  place  from  the 
eyes  and  nose,  and  albumin  was  found  in  the  urine.  The  muscles 
became  more  and  more  atrophied,  and  the  increasin<;  weakness  passed 
into  a  condition  of  general  j)aralysis  and  death.     Dr.  W.  Hunter  and  one 
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of  us  (G.  L.)  examined  the  nervous  systems  of  monkeys  which  succamlxd 
in  about  ten  days  to  this  chronic  intoxication,  and  found  exteikdve 
primary  degeneration  of  most  of  the  nerve-cells  in  the  brain  and  conl 
The  majority  of  the  cells  were  vacuolated  with  deeply  stained  plasma,  ii 
which  were  scattered  dust-like  granules,  the  remnants  of  the  Xi&sl-bodi'^ 
Many  of  the  cells  were  reduced  to  simple  outlines  without  any  gnnuLi- 
tion  wliatever. 

Effect  of  renoms  upon  the  Respimtion, — The  selective  activity  of  tbe 
venoms  of  colubrine  snakes  upon  the  respiratory  cells  in  the  medulla,  which 
have  hitherto  been  the  subject  of  inquiry,  has  been  already  mentkMied 
It  has  further  been  pointed  out  that  some  venoms  also  exert  a  curani-like 
action  which  is  particularly  manifested  upon  the  nerve-endings  of  tbe 
phrenics  in  the  diaphragm,  so  that  failure  of  respiration,  brought  about 
in  one  or  both  ways,  is  the  cause  of  death  in  poisoning  by  the  venoms 
mentioned. 

Perhaps  one  of  the  most  striking  demonstrations  of   this  action  vu 
the  early  experiment  of  Sir  Lauder  Brunton  and  Sir  J.  Fayrer  on  the 
fowl.      If  cobra-venom  be  injected   int6  a  fowl,  the  creature  beooma 
lethargic  and  inco-ordinate  ;  the  head  drops  on  the  breast,  to  be  oocasioo- 
ally  jerked   up   again,    as    happens  with  a   man    sleeping    in   a  cb«ir. 
Presently  the  respiration,  which  was  at  first  accelerated,  becomes  slover 
and  more  and  more  shallow,  until  it  finally  ceases :   meantime  tlie  cooib 
has  become  livid.     If  artificial  respiration  be  performed,  the  comb  again 
recovers  its  bright  red  colour,  again  to  become  livid  on  its  cessatiori. 
This  may  be  repeated  a  dozen  times.     The  obvious  interpretation  of  thk 
experiment  is  that   m  cobra-poisoning  the  respiratory   movements  are 
rendered  impossible  whilst  the  circulation  is  well  maintained.     Tbe  mof 
facts  are  seen  when  mammals  are  the  subject  of  experiment ;  after  a 
preliminary  increase  in  respiratory  activity,  a  progressive  diminution  ir. 
number  and  amplitude  occurs,  until  respiration  ceases  altogether.     Small 
animals  poisoned  with  cobra-venom  have  been  kept  alive  for  four  boon 
by  artiHcial  respiration  ;  and  Vincent  Richards  records  a  case  in  wbick 
the  circulation  was   maintained,  by  means  of  artificial    respiration,  for 
thirty  hours  in  a  man  poisoned  by  a  cobra.     This  selective  action  of 
a  poison  for  the  respiratory  mechanism  is  seen  in  a  most  marked  degrvr 
with  the  poisons  of  the  cobras  and  the  sea-snake,  Enkydiina  vtUabndie^. 
With  the  other  colubrine  venoms   the  vasomotor  mechanism  becomo 
affected   shortly  after  the  respiratory,  so  that  the  blood-pressnre  falk 
and  ciiculatory  failure  follows  respiratory  failure  within  a  few  minutes 
or  an  hour,  according  to  the  conditions  of  the  experiment  and  the  venom 
employed.     The  respiratory  movements  are,  as  mentioned  above,  rendereJ 
impossible  by  some  venoms  in  two  ways:  (1)  action  upon  the  nerve^elt 
in   the   central   nervous    system ;  (2)  interference  with    the  passage  (A 
nervous  impulses  at  the  nerve-muscular  junctions  of  the  phrenic  nenf- 
endings.     Most  snake-venoms  |)ossess  only  the  former  action,  but  tboee 
of  the  Enhiidrina,  cobras,  and  kraits  are  endowed  with  }>oisons  operating 
m  both  ways.     In  the  case  of  those  venoms  possessed  of  both  actiooa, 
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the  influence  upon  nerve-cells  is  the  more  rapid  and  important  \  so  that 
it  is  only  under  conditions  of  slower  poisoning  that  the  curara-like  action 
can  be  demonstrated  to  its  full  extent. 

The  effect  upon  respiration  of  the  venoms  of  those  viperine  snakes 
an  analysis  of  the  action  of  which  has  been  undertaken — Croialus,  Ancis- 
trotion  (Weir  Mitchell),  Daboia,  puff'-adder,  and  Lachesis  (Rogers) — is  not 
so  specific  as  in  the  case  of  the  colubrine  venoms.  With  these  viperine 
poisons  the  eflect  upon  the  nervous  system  as  a  whole  is  less  intense, 
and  no  individual  group  of  nerve-cells  appears  to  be  strikingly  picked 
out.  W^hen  simultaneous  records  of  respiratory  movements  and  blood- 
pressure  have  been  taken,  the  arterial  pressure  has  been  found  to  fall  to 
a  dangerous  extent,  at  the  same  time  that  the  respiratory  tracing  has 
shewn  diminution  in  rate  and  amplitude.  The  dependence  of  respiratory 
activity  upon  the  arterial  pressure  has  been  shewn  in  the  case  of  chloro- 
form poisoning  by  Drs.  L.  Hill  and  Embley,  so  that  it  is  rather  difficult 
to  ascertain  exactly  how  much  direct  paralysis  of  respiratory  cells  co-exists 
when  complicated  by  the  indirect  effect  of  a  greatly  lowered  blood- 
pressure.  WTiat  appears  to  happen  is  that  when  the  blood-pressure  has 
fallen  to  a  sufficient  extent,  the  respiratory  cells,  which  are  now  half- 
paralysed,  cease  to  be  active  and  respiration  fails.  In  no  case  has 
absolute  paralysis  of  respiration  been  observed  in  association  with  circu- 
latory efficiency. 

Effnt  of  Vemmis  u/wn  the  Circulation. — Venoms  may  influence  the  circu- 
lation either  by  their  direct  action  upon  the  muscle  of  the  heart  or 
arterioles,  or  indirectly  through  the  nervous  system. 

Adioii  on  the  Isolated  Heart. — Most  venoms,  unless  they  are  much  more 
concentrated  than  ever  occurs  in  cases  of  poisoning,  exert  but  little 
Influence  upon  the  isolated  heart  of  cold-blooded  animals.  On  the  other 
Iiand,  the  efficiency  of  the  circulation  is  soon  impaired  in  experiments  with 
fill  venoms,  except  those  of  cobra  and  Biingarua  aeruleiis,  but  to  what  extent 
this  may  be  due  to  direct  action  upon  the  heart  itself  has  not  been 
clearly  shewn,  for  all  venoms  ultimately  paralyse  the  cells  of  the  nervous 
vasomotor  mechanism. 

The  poisons  of  the  cobras  and  the  common  krait,  Bungarvs  caruleus, 
Hud  to  a  much  less  extent  the  venoms  of  Efihydrina  ndahidien  and 
JVotechis  scviatus^  the  Australian  tiger-snake,  have,  however,  an  ett'ect  upon 
cardiac  muscle  which  was  first  observed  l)y  Sir  Lauder  Brunton  and 
Sir  J.  Fayrer,  and  has  recently  been  more  completely  studied  by 
Sir  T.  R.  Fraser  and  Major  Klliot,  who  found  that  cobra-venom  in 
dilutions  of  1  in  10,000,000  and  upwards  exerts  a  stimulating  action 
(induces  increased  tone)  upon  the  isolated  hearts  of  frogs  or  mammals. 
As  the  strength  of  the  poison  in  solutions  with  which  the  heart  is  fed  is 
increased,  the  effect  becomes  more  marked  until  the  heart  is  brought  to  a 
standstill  in  systole. 

Direct  Action  upon  the  Arterioles. — The  venoms  of  the  cobra  and  the 
common  krait  exert  a  stimulating  action  upon  the  muscle  of  the  vessel- 
wall  similar  to  that  just  described  in  the  case  of  cardiac  muscle.     This 
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direct  action  of  these  poisons  is  the  reason  why  the  blood-pre«surt  ii 
maintained  at  or  above  its  normal  height  during  poisoning  with  these 
venoms.  Major  Rogers  has  shewn  that  constrictioii  of  arterioles  is  iko 
produced  by  the  local  action  of  the  venom  of  Russell's  viper. 

Effect  upon  the  Blood-pressure. — Reconls  of  the  blood -pressure  diiriii| 
poisoning  by  quite  a  considerable  number  of  snake-venoms  have  bea 
made.  Many  of  the  older  results,  and  especially  those  in  which  the 
poison  was  injected  intravenously,  have  been  erroneously  interpreted,  at 
it  was  not  known  that  many  venoms  produced  intravascular  clotting 
This  source  of  confusion  must  be  eliminated  before  the  direct  effect  i 
a  poison  upon  the  heart  or  vasomotor  mechanism  can  be  estinutAL 
More  recent  workers  have  been  able  to  obviate  this  difficulty. 

The  venoms  of  cobras  exercise  a  peculiar  effect  upon  the  Wood- 
pressure  ;  this  is  due  to  their  stimulating  action  upon  the  heart  lod 
blood-vessels,  and  the  simultaneous  rapid  paralysis  of  the  respiration  before 
the  other  nervous  centres.  Consequently  the  picture  presented  is  i 
record  in  which  the  blood-pressure  remains  at  its  normal  height^  or  ef« 
slightly  raised,  until  the  respiratory  movements  are  no  longer  adeqtiatt 
to  aerate  the  blood  sufficiently.  The  vasomotor  and  vagus  centres  whici 
arc  not  yet  paralysed  respond  to  the  stimulus,  the  pressure  rises,  and  tke 
heart  slows  much  as  in  asphyxia  in  a  partially  curarised  animal.  If  artificbl 
respiration  be  not  carried  out,  the  pressure  slowly  falls,  as  the  heart  bSk 
from  want  of  oxygen,  to  20-30  mm.  of  mercury.  If  artificial  respintioi 
be  maintained,  the  pressure  keeps  up  sometimes  for  hours  and  only  slowlj 
falls.  In  experiments  with  the  venoms  of  other  colubrine  snakes^  snek 
as  Eiiht/drina,  Bungarus  fasciatus,  B.  cosrvleuSy  Notechis  stnUatus,  Xatfcka 
pseudechiSy  and  Acanthophis  a7if<irriica,  the  results  are  different  In  all  of 
these  cases  the  blood-pressure,  even  if  well  maintained  at  first,  soon  shews 
signs  of  failing  pari  passu  with  the  paralysis  of  respiration  ;  and  although 
in  some  cases  respiration  may  cease  before  the  onset  of  marked  ciruulatorf 
depression,  the  latter  soon  follows,  and  artificial  respiration  is  incapahic 
of  preventing  a  slow  fall  of  blood-pressure  to  zero.  Simultaneously  wiik 
the  fall  in  pressure  a  rise  in  the  volume  of  the  spleen  or  bowels  has  hen 
observed,  so  that  vasomotor  paralysis  is  in  large  part  responsible  for  tbe 
failure  of  the  circulation. 

The  effect  of  viperine  poisons  upon  the  blood-pressnre  is  to  prodnce* 
considerable  fall,  which  is  to  a  large  extent  due  to  the  action  of  tliese 
poisons  upon  the  nervous  vasomotor  mechanism.  The  influence  of  tli< 
\enoms  of  fJabfda^  puff'-adder,  LarhesU,  and  Crotatus  upon  the  cirail*- 
tiou  is  more  striking  than  the  effect  upon  the  respiration,  and  the  gretf 
depression  which  is  a  symptom  of  viperine  poisoning  may  no  doubt  1« 
explained  in  this  way. 

The  effect  of  all  the  venoms  which  cause  fall  of  blood-pressore  v 
exagf^erated  when  they  are  introduced  intravenously. 

Action,  of  Fen/jms  on  Blood-plasjna. — Most,  if  not  all,  of  the  poisoni 
of  viperine  snakes,  and  the  venom  of  a  number  of  the  Australian  colo- 
lirines   also,  contain   fibrin -ferments.     These   venoms  cause  clotting  ifl 
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every  kind  of  plasma  in  which  coagulation  has  been  suspended  by 
artificial  means ;  and  if  introduced  with  sufficient  rapidity,  as  by  intra- 
venous injection,  into '  the  blood-stream  of  an  animal,  whether  reptile, 
amphibian,  bird,  or  mammal,  intravascular  clotting  takes  place  and  con- 
sequently cessation  of  the  circulation.  This  is  indeed  the  way  the  death 
of  small  animals,  which  form  the  prey  of  these  snakes,  is  usually 
brought  about.  The  snake  injects  a  large  quantity  of  venom,  relatively 
to  the  minimal  lethal  dose,  and  the  effect  is  the  same  as  when  smaller 
quantities  are  introduced  directly  into  a  vein.  In  snake-poisoning  in 
man,  however,  these  fibrin-ferments  do  not  play  an  important  part,  as 
they  do  not  reach  the  circulation  with  sufficient  rapidity  to  produce 
general  thrombosis.  The  efiect  upon  the  plasma  in  these  circumstances 
is  in  the  opposite  direction,  and  the  blood  is  found  to  possess  diminished 
eoagulability,  or  even  to  fail  to  clot  at  all.  This  negative  phase  only 
occurs  in  the  living  body.  It  establishes  a  kind  of  immunity  against  the 
ferment,  for  when  the  blood  has  arrived  at  this  condition  the  further 
addition  of  large  quantities  of  ferment  fails  to  cause  clotting.  The 
mechanism  of  this  immunity  has  not  been  ascertained. 

The  poisons  of  the  cobras  contain  a  substance  the  direct  action  of 
which  prevents  the  coagulation  of  blood.  This  efiect  is  manifested 
either  in  the  body  by  the  presence  of  a  non-coagulable  blood  after 
injection  of  cobra-poison  or  in  vitro  upon  oxalate-  or  citi*ate -plasma. 
Plasma  kept  fluid  by  either  of  these  means,  to  which  cobra-venom  has 
been  added,  fails  to  clot  on  the  subsequent  addition  of  lime.  The  venoms 
of  the  other  Indian  colubrine  snakes  exert  no  influence  upon  blood- 
idasma. 

Effect  of  Veiioms  on  Blood- cm'pusdes, — The  effect  of  crotalus- venom 
upon  red  blood -corpuscles  was  pointed  out  by  Weir  Mitchell  and 
BJeichert,  who  found  that  the  red  corpuscles  lost  their  biconcave  form 
and  became  spherical  and  sticky,  so  that  they  adhered  together  in 
strings.  Subsequently  the  haemoglobin  dissolved  out  and  they  became 
invisible.  Ragotzi  observed  the  same  dissolution  of  corpuscles  with 
cobra-poison,  and  Feoktistow  with  the  poison  of  Pelias  heiiis,  the  common 
viper  of  Europe.  The  venoms  of  the  Australian  colu  brines,  Notfchis 
9iUkUus  and  N.  pseudechis,  possess  powerful  haemolytic  action,  and 
hemolysins  have  in  recent  years  been  shewn  to  exist  to  some  extent 
in  the  poisons  of  all  the  snakes  that  have  been  investigated. 

The  activity  of  these  hsemolysins  for  the  corpuscles  of  diffierent 
animals  varies  enormously,  and  the  venoms  of  some  snakes  contain  haemo- 
lysins  more  potent  for  the  corpuscles  of  one  species  of  animal,  whereas 
those  of  another  snake  are  more  active  in  haemolysing  the  blood-corpuscles 
of  a  different  species.  Haemolysis  is  seldom,  however,  a  marked  feature 
of  human  poisoning  by  any  venom,  because  the  dose  of  a  venom  necessary 
to  destroy  life  by  other  means,  f^.g,  by  paralysis  of  respiration,  is  very 
much  less  than  the  quantity  necessary  to  produce  any  very  extensive 
destmction  of  blood-cells. 

The  most  marked  haemolysis  in  vivo  is  produced  by  the  venom  of  the 
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Australian  black  snake  Nokchis  pseudechis,  when  sub-minimal  lethal  dosei 
are  injected  into  dogs.  In  some  cases  the  red  cells  were  reduced  in  two 
days  to  one  half  their  original  number,  and  the  urine  was  saturated  vith 
hi)3moglobin.  This  large  effect  was  not  seen  when  other  animals  were 
experimented  upon. 

In  recent  years  light  has  been  thrown  upon  the  mechanism  of  venom 
hemolysis  by  Flexner  and  Noguchi,  and  Kyes  and  Sachs,  who  hAve 
shewn   that  the   phenomenon  is  in  many  respects   analogous  to  serom 
haemolysis  and  bacteriolysis.     On  this  account  experiments  with  veDuou 
have  attracted  an  additional  interest,  as  they  have  been  found  suitaye 
for  employment  in    fundamental    experiments   concerning    cytoljsia  ia 
general.       Flexner    and    Noguchi    found    that    certain     washed    bkwd- 
corpuscles  were  not  haemolysed  by  venom,  but  that  when  the  pre\Toadr 
separated  serum  was  added  solution  took  place.     They  concluded,  there- 
fore, that  in  the  process  of  haemolysis  venoms  act  only  as  intermediair 
bodies  or  amboceptors,  and  require  a  complement  to  complete  the  reactioo. 
This  interpretation  of  the  action  of  haemolysins  in  snake-venom  has  htea 
confirmed  by  Kyes  and  Sachs,  who  found,  however,   that  the  washed 
cells  of  some  animals,  eg.  dog,   horse,  man,  were   haemolysed  to  some 
extent  by  cobra-venom  alone,  and  explained  this  as  due  to  these  celli 
containing  complement  within  themselves.     In  further  experiments  they 
shewed  that  lecithin  was  capable  of  acting  as  complement  in  the  case  of 
cobra-venom,  so  that  their  explanation  of  endo-complement  is  probaUe. 
One  of  us  ((>.  L.)  has  confirmed  and  extended  these  observations  oo 
venom  hsemolysis,  and  has  also  demonstrated  that  in  the  absence  of  con- 
plement  or  coraplementoid  the  hsemolytic  amboceptor  of  venom  is  doc 
taken  up  by  the  red  cell. 

Action  of  Venoms  upon  Uliite  Blood-cells. — The  effect  of  most  venootf 
upon  leucocytes  has  not  been  studied.  The  effect  of  1  per  cent  solatios 
of  the  venoms  of  two  Australian  snakes  upon  the  white  cells  of  the  bo^ 
and  mammals  upon  a  warm  stage  shewed  that  after  a  few  mioutes  all 
movements  ceased,  the  cells  became  granular  and  the  nuclei  more  dis- 
tinct, and  in  half  an  hour  to  one  hour  many  of  them  were  dissoh^ei 
Besides  inhibiting  the  movements,  of  leucocytes  outside  the  body,  these 
snake-venoms  also  interfere  with  their  vital  actiWty  in  the  body,  as  shewn 
by  the  following  experiment,  which  is  one  of  a  series  with  similar  results. 
Two  small  pieces  of  sterilised  sponge,  about  1  mm.  cube,  were 
aseptically  introduced  into  the  abdominal  wall  of  a  guinea-pig.  One  of 
these  little  spon«:es  had  been  soaked  in  7  per  cent  solution  of  NaCl  con- 
taining 1  per  cent  of  venom,  the  other  in  the  saline  solution  without  the 
venom.  Both  sponges  were  pushed  about  a  centimetre  away  from  the 
incision,  which  was  afterwards  drawn  together  by  a  horse-hair  suture  aixi 
covered  with  collodion.  After  two  hours  oedema  occurred  around  the 
venom-containing  sponge,  but  not  around  the  other.  At  the  expiration 
of  five  hours  the  animal  was  killed,  and  both  sponges  were  carefully  with- 
drawn and  plunged  into  absolute  alcohol.  Sections  of  the  two  sponje* 
treated  in  the  same  way  presented  very  different   appearances.     The 
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control  was  infiltrated  with  leucocytes  which  stained  well  with  oitlinary 
nuclear  stains ;  the  other  contained  leucocytes  near  the  margins  only,  and 
many  of  these  were  broken  down  and  took  the  stain  badly  or  not  at  all. 
From  these  sponge  experiments  it  was  concluded  that  whereas  into  the 
control  sponge  the  leucocytes  by  their  amoeboid  movements  could  penetrate 
unharmed,  in  the  other  sponge  their  activity  was  paralysed ;  they 
succumbed,  and  were  eventually  disintegrated  by  the  solution  of  the 
venom. 

Flexner  and  Noguchi  have  since  made  a  more  complete  and  accurate 
study  of  venom  leucolysis.  They  used  the  poisons  of  cobra,  rattle- 
snake, and  moccasin,  and  found  '002  per  cent  solutions  eflective  in  vitro. 
After  a  time,  depending  upon  the  concentration  of  the  venoms,  motility 
ceased,  followed  by  granulation  and  disintegration.  They  found  that  the 
leucolysin  was  distinct  from  the  hsemolysins  in  these  venoms,  and  that 
the  process  was  of  the  same  nature  as  haemolysis,  and  required  the  addi- 
tion of  a  complement,  which  was  contained  in  the  animal's  own  serum. 

Effect  an  the  Blood-vessels. — The  occurrence  of  haemoirhages  both  locally 
and  all  over  the  body  is  most  marked  after  poisoning  by  the  venoms  of 
South  American  vipers  of  the  species  Luchesis.  It  is  particularly 
characteristic  of  the  action  of  the  Crotalinse,  and  is  a  prominent  feature  of 
all  viperine  poisoning.  It  also  occurs,  but  to  a  small  extent,  with  some 
of  the  Australian  colubrines.  Weir  Mitchell  first  investigated  the 
mechanism  of  the  phenomena  of  hsemorrhagic  extravasation.  lie  pre- 
pared the  mesentery  of  a  warm-blooded  animal  for  microscopical 
observation  on  the  warm  stage,  and  then  applied  crotalus- venom  to 
it.  He  noticed  an  almost  immediate  dissolution  of  the  continuity 
of  the  capillary  walls  with  which  the  poison  came  in  contact.  This 
occurred  suddenly,  and  was  not  preceded  by  any  diapedesis  of  white 
corpuscles.  The  blood  escaped,  without  previous  indication,  from 
those  capillaries  which  were  nearest  to  an  arterial  twig,  and  in  which, 
therefore,  the  hydrostatic  pressure  was  highest.  Ligature  of  the 
vessels  going  to  the  part  prevented  further  haemorrhage. 

Flexner  has  given  the  name  of  hamuirrhagins  to  the  constituents 
of  venoms  which  destroy  the  continuity  of  vessel-walls,  and  looks  upon 
them  as  cytolysins  for  endothelial  cells  of  blood-vessels.  Careful 
histological  observations  of  the  efiect  of  haemorrhagins  shew  that  there  is 
a  definite  solution  of  continuity  of  the  endothelial  lining  of  the  capillaries, 
so  that  this  view  is  no  doubt  correct. 

Examination  of  the  Gases  in  Blood  after  Poisoning  with  Venoin. — 
Beyond  setting  it  free  from  the  corpuscles,  snake-venoms  exert  no  influ- 
ence on  the  haemoglobin  of  the  blood :  it  is  still  capable  of  Uiking  up 
oxygen  and  parting  with  it  as  under  normal  conditions.  In  an  animal 
poisoned  with  the  venom  of  the  Australian  black  snake  the  quantity  and 
also  the  tension  of  oxygen  in  arterial  blood,  except  immediately  preceding 
death  when  the  respiration  and  circulation  were  failing,  weie  found  to  be 
approximately  normal.  The  absolute  quantity  and  tension  of  COg  were 
both   usuaUy  a  little  higher  than  before  the  injection.     This  is  easily 
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explitined  by  tbc  diminisheil  respii'atiOiy  nioveniotits  aiiiI  retardad  dctiih- 
tion.  Artifiuial  respiration  redutod  the  excess  to  a  small  exl«nt  At 
death  approached,  both  the  tension  and  the  quantity  of  CO,  contuiud  In 
the  blood  increased  greatly  from  the  same  cauee. 

InjlwjKX  of  Snake -venontu  on  the  Gainkidal  Ariinn  of  Snma. — War 
Mitchell  has  frequently  pointed  out  that,  as  a  general  nile,  the  olnnr 
tei-istic  local  extravasatioTis  of  urn  talus-poisoning  suppurate  or  htassu 
gangrenous,  and  that  bodies  of  animals  dead  of  rattlesnake-poisaniiil! 
putrefy  with  extreme  rapidity.  Feohtistow  made  the  interesting  ot)Mm- 
tion  also  that  the  bloody  effusions  in  the  pleura  and  pericardium  >ow 
times  contain  micro-oi'ganisras  inimedintely  after  death  ;  and  th^t  eulUiv 
of  these  organisms,  when  injected  into  healthy  animals,  produce  no  cAel 
Ewing  re[wated  some  of  Nuttall  and  Buchner's  observations  on  tiw 
germicidal  power  of  sevnm,  and  instituted  a  series  of  compontiTT 
experiments  with  the  plasma  or  acnim  of  animals  poisoned  with 
crotali IS- venom ;  be  found  that,  after  poisoning  with  crotalus-vaiwa), 
the  normal  germicidal  power  of  mhliit's  serum  for  JS.  laU/traa*  uiiJ 
Ji.  coli  was  entirely  lost. 

Experiments  made  in  Sytlney  with  the  venoms  of  NoU'hie  pvmtako 
couRrmed  these  results  of  Ewing,  lu  1902,  Flexnor  and  Xoguchi  iDfl* 
a  further  study  of  this  action  with  the  venoms  of  the  cobra,  mocnuin. 
copperhead,  and  rattlesnake,  in  the  light  of  facts  which  had  Iieen  w«f- 
tained  concerning  the  phenomena  of  bacteriolysis.  They  experitafiotod 
with  is.  tinihracia,  IS,  roli,  and  Ji.  tifjihi,  and  the  serum  of  tha  nbbit»iBi 
shewed  that  the  action  depended  upon  the  presence  in  venoms  of  badki 
of  the  nature  of  anti-eomplement. 

Morbid  Anatomy  in  Han.— The  number  of  carefully  recorded  autopvc* 
is  small.  In  cases  of  death  from  oibra-bile  rigor  mortis  occurs  as  uaoiL 
The  areolar  tissue  in  the  region  of  the  bite  is  infiltrated  with  pinkish  Siiii 
and  the  neighbouring  vessels  are  injected.  The  blood  is  often  fluiil,  iod 
when  examined  by  the  microscope  directly  after  de>ilh  it  preunti  su 
changes.  Tlie  brain  appoiLrs  to  be  nomial ;  but  the  veins  of  tb*  pw 
mater  are  usually  gorged  with  blood,  and  the  ventricles  often  oootain 
turbid  fluid.  The  lungs  are  usually  congested,  and  the  lining  menboai 
of  the  bronchi  is  intensely  injected.  The  appearance  of  the  kidnefi  mili 
from  the  normal  tii  one  of  excessive  congestion. 

After  death  from  poisoning  by  one  of  the  vijMTitif  stuiha,  the  n/fOt  ■ 
the  bite  is  the  seat  of  intense  cedema  and  extravasation  of  btood.  U  & 
poison  be  introduced  into  the  subcutaneous  tissue  the  underlying  muscttx 
are  frequently  disorganised  and  even  difilnont  from  extravasation  of  Mofld 
ill  their  midst.  Ha?morrhages  may  also  he  foun<l  in  any  of  the  ot^n* 
and  along  the  alimentary  tract.  The  kidneys  are  acutely  congealed  « 
hjeniorrhagie.     The  blood  is  fluid. 

Autopsies  in  cases  of  bite  by  Auilnilian  uptcitt  nf  gnaJxs  present,  ut 
nde,  the  same  appearances  as  those  detailed  in  cobra-bite.  The  blood  i» 
almost  invariably  fluid,  but  may  contain  a.  fow  soft  coagiila.  The  lunp 
may  be  the  seat  of  btemorrhages ;  in  cases  in  which  blood  hiu 
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from  mucoiis  tracts  during  life  these  surfaces  are  intensely  congested  and 
hsemorrhagic     The  nervous  system  merely  shews  hyperemia. 

In  the  case  of  bites  by  viperine  snakes,  should  the  patient  survive  for 
some  days  the  region  of  the  bite  is  often  the  seat  of  a  large  slough  or 
even  of  a  rapidly  advancing  emphysematous  gangrene.  This  local 
condition  will  of  course  depend  upon  the  species  of  bacterium  which  has 
become  implanted  in  the  tissues  already  devitalised  by  the  venom. 

Symptoms  of  Snake-bite  in  the  Human  Subject — AVe  have  already 
pointed  out  that  venoms  are  very  complex  substances,  each  made  up  of 
several  constituents  of  different  physiological  action,  and  that  the  dis- 
similarity in  the  effects  produced  upon  man  and  animals  by  the  different 
venoms  is  entirely  due  to  the  proportions  in  which  the  different  groups 
of  toxic  substances  occur  in  each  poison.  The  symptoms,  in  cases  of 
snake -bite,  also  vary  somewhat  according  to  the  amount  of  venom 
injected  and  the  site  of  injection,  in  so  far  as  this  latter  influences  the 
rapidity  of  absorption  of  the  venom.  The  physiological  actions  and 
symptoms  produced  by  venoms  can  only  be  roughly  classified  into  two 
groups  corresponding  to  the  colubrine  and  viperine  families.  So  that  it 
is  necessary  to  consider  separately  the  symptoms  seen  in  cases  of  in- 
toxication from  the  venoms  of  some  of  the  more  important  species,  the 
bites  of  which  are  dangerous  to  life. 

Cobra-bite, — The  first  symptom  is  a  sensation  of  burning  pain,  more  or 
less  severe,  at  the  seat  of  inoculation.  The  spot  soon  becomes  red, 
tender,  and  swollen.  An  interval  of  about  half  an  hour  usually  occurs 
before  the  patient  experiences  any  constitutional  symptoms  :  he  then  feels 
intoxicated,  sleepy,  and  weak  in  the  legs ;  the  weakness  increases  until 
he  is  unable  to  stand.  Profuse  salivation,  paralysis  of  the  tongue  and 
larynx,  with  inability  to  speak  or  swallow,  soon  supervene.  Nausea  and 
vomiting  are  of  frequent  occurrence.  The  paralysis  now  becomes  more 
general  and  decided ;  the  patient  lies  on  his  back,  incapable  of  move- 
ment; his  breathing  l)ecomes  slower  and  the  respiratory  excursions 
diminish;  he  appears  to  be  conscious,  but  unable  to  express  himself; 
the  action  of  the  heart  is  quickened,  but  of  fair  strength.  At  length  the 
breathing  ceases,  with  or  without  convulsions,  arid  the  heart  soon  stops. 
Up  to  or  immediately  preceding  the  respiratory  cess-ition  the  pupil 
remains  contracted  and  reacts  to  light.  Should  the  patient  survive  the 
paralytic  symptoms  he  returns  rapidly  into  a  state  of  complete  health. 
There  are  occasional  discharges  of  blood  from  mucous  surfaces,  but  the 
urine  never  contains  albumin. 

Bite  of  Bungarus  rreruletis  (krait). — There  is  no  doubt  that  bites 
from  this  snake  are  extremely  dangerous  and  that  a  considerable 
percentage  of  the  total  deaths  from  snake-bite  in  India,  especially  in 
Northern  India,  is  due  to  it.  The  symptoms  seen  in  cases  of  krait - 
bite  are  somewhat  similar  to  those  alreadv  described  in  cases  of 
eobra-venom  intoxication.  In  a  recent  case  in  a  soldier  in  India,  of 
which  we  have  notes,  the  chief  symptoms  observed  were  paralysis  of 
articulation,  embarrassed  and  stertorous  breathing,  and  semi-consciousness. 
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There  was  no  local  swelling  or  reaction  at  the  site  of  the  bite,  which  was 
on  tlie  ring  finger.     Death  took  place  about  eight  hours  after  the  hiie. 

Bite  of  Buiigarus  fasciatus. — No  authentic  cases  of  bites  from  \ha 
snake  have  been  described  in  the  human  subject.  The  symptoms,  there- 
fore, which  would  be  met  with  can  only  be  deduced  from  those  whidi 
have  been  observed  in  animal  experiments,  especially  in  monkeys.  If  a 
large  amount  of  this  poison  be  injected  directly  into  the  circulation,  intra- 
vascular thrombosis  results  and  the  symptoms  observed  are  due  to  thii 
pathological  condition.  As,  however,  this  can  practically  never  happen 
in  nature  we  need  not  discuss  it  further.  The  ordinary  cases  may  be 
divided  into  two  classes ;  those  in  which  death  takes  place  within  the 
first  forty-eight  or  seventy-two  hours  after  the  bite  ;  and  those  in  which 
death  is  delayed  for  from  six  to  twelve  days.  In  the  first  class  of  icote 
nervous  cases  the  symptoms  are  similar  to  those  seen  in  cobra-venoiD 
intoxication.  Death  is  due  to  p«aralysis  of  the  respiratory  centre.  The 
local  reaction  is  much  less  than  in  cases  of  cobra-bite — in  fact,  little  or 
nothing  is  to  be  observed  at  the  site  of  the  bite.  In  the  second  class  of 
cases  we  have,  however,  to  deal  with  a  condition  which  is  never  seen  in 
cobra-venom  poisoning,  nor,  in  fact,  in  poisoning  with  any  other  venom 
with  which  we  have  worked.  In  these  cases  death  is  delayed  for  from 
six  to  twelve  days.  There  is,  as  a  rule,  an  interval  after  the  bite,  varying 
from  two  to  six  days,  in  which  no  symptoms  are  observed.  After  thii 
interval  a  comparatively  chronic  disease,  which  almost  invariably  ends 
fatally,  begins.  The  symptoms  which  arise  during  this  late  period  d 
intoxication  are  not  in  the  least  like  those  seen  in  the  acute  cases  d 
poisoning,  either  with  cobra-venom  or  with  the  venom  of  Bvn^ent 
fasciatus  itself.  There  are  loss  of  appetite  and  great  depre^ion ;  bat 
marked  muscular  weakness  and  atrophy,  extreme  emaciation,  and  loss  of 
weight  are  the  prominent  symptoms.  There  is  also  a  marked  diminutioi 
of  the  urine,  and  irregular  elevations  of  temperature  are  sometimtf 
observed.  Punilent  discharges  from  the  eyes,  nose,  and  rectiun  occur 
late.  The  emaciation,  loss  of  weight,  and  muscular  atrophy  progress 
rapidly,  and,  as  a  rule,  end  in  death  after  a  few  days  of  illness. 

Bite  of  Enhydrina  ralaJcadien. — This  species  is  the  commonest  of  the 
sea-snakes ;  it  is  very  abundant  along  the  coasts  of  India  and  Burma  to 
the  Malay  Archipelago  and  New  Guinea  There  are  no  authentic  case* 
on  record  of  bites  in  the  human  subject,  so  in  this  instance  also  the 
description  of  symptoms  is  taken  from  animal  experiments.  The 
symptoms  observed  in  animals  after  injection  of  this  poison  are  veir 
similar  to  those  of  cobra-venom  intoxication.  The  local  reaction  i& 
however,  very  slight ;  and,  further,  there  are  no  symptoms  which  point 
to  any  action  of  the  poison  on  the  coagulability  of  the  blood-plasma  or  on 
the  red  cells.  There  is  progressive  paralysis  accompanied  by  dyspnoB>» 
which  latter  symptom  is  much  more  marked  than  in  cases  of  cobra-venom 
poisoning ;  death  is  prec«»ded  by  respiratory  convulsions.  The  heart 
goes  on  beating  for  several  minutes  after  the  respiration  has  ceased. 

Bite  of  Rattlesnake. — The  pain  of  the  wound  is  severe,  and  is  speedily 
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followed  by  swelling  and  discoloration  ;  sometimes  there  is  haemorrhage 
from  the  wound.  Constitutional  symptoms  occiu*,  as  a  rule,  in  less  than 
fifteen  minutes.  These  consist  in  progressive  prostration,  which  eventually 
becomes  appalling,  staggering  gait^  cold  sweats,  nausea  and  vomiting, 
quick  and  feeble  pulse,  dilated  pu])ils,  and  slight  mental  disturbance.  In  this 
state  the  patient  may  die  about  twelve  hours  after  the  bite.  If  he  recover 
from  the  depression  the  local  symptoms  begin  to  play  a  much  more 
important  part  than  in  cobra-poisoning.  The  swelling  and  discoloration 
extend  up  the  limb  and  trunk,  and  symptoms  of  general  blood-poisoning 
set  in  with  rise  of  temperature,  puffy  face,  great  weakness,  and  repeated 
syncope.  The  pulse  is  quick  and  feeble,  and  the  respiration  laboured. 
Sometimes  the  mind  is  clear;  sometimes  there  are  restlessness  and  delirium. 
Death  may  occur  in  this  stage,  and  is  sometimes  preceded  by  convulsions. 
The  local  hajmon-hagic  extravasation  frequently  suppurates  or  becomes 
gangrenous,  and  from  the  results  of  this  the  patient  may  die  even  weeks 
afterwards.  AVhen  the  dose  has  been  a  less  severe  one  the  swelling  may 
decline  and  pain  disappear  rapidly.  Recovery  from  the  acute  symptoms 
is  in  almost  every  case  sudden  and  astonishing  when  contrasted  with  the 
gravity  of  the  symptoms ;  within  a  few  hours  the  patient,  from  being  in 
a  moribund  condition,  becomes  bright  and  intelligent. 

Exit  of  the  European  Viper. — The  symptoms  following  the  bite  of  the 
European  viper  resemble  those  of  a  small  dose  of  rattlesnake-venom. 
The  bite  is  immediately  followed  by  local  pain  of  a  burning  character ; 
the  limb  soon  swells  and  becomes  discoloured,  and  within  from  one  to 
three  hours  great  prostration,  accompanied  by  vomiting  and  often 
diarrhoBa,  sets  in.  Cold  clammy  perspiration  is  usual.  The  pulse 
becomes  extremely  feeble,  and  slight  dyspnoea  and  restlessness  may  be 
seen.  In  severe  cases,  which  occur  mostly  in  children,  the  pulse  may 
become  imperceptible  and  the  extremities  cold  ;  the  patient  may  pass  into 
coma.  In  from  twelve  to  twenty-four  hours  these  severe  constitutional 
symptoms  usually  pass  off;  but  in  the  meantime  the  swelling  and  dis- 
coloration have  spread  enormously.  The  limb  becomes  phlegmonous  and 
occasionally  suppurates.  AVithin  a  few  days  recovery  usually  occurs 
somewhat  suddenly,  but  death  may  occur  from  the  severe  depression,  oi* 
from  the  secondary  effects  of  suppuration. 

Bite  of  Daboia  russelW, — This  snake  may  be  taken  as  the  typical 
Indian  viper ;  it  is  very  widely  distributed  throughout  the  Peninsula. 
Ceylon,  Burma,  and  Siam.  It  is  also  found  in  the  Himalayas  up  to  6000 
feet  at  least.  It  is  one  of  the  most  deadly  snakes,  and  n(^xt  to  the  cobra 
probably  causes  more  deaths  in  India  than  any  other  snake.  If  dal)oia- 
▼enom  be  injected  directly  into  the  blood-stream,  a  condition  which  might 
happen  in  the  case  of  a  bite  in  man,  violent  convulsions  rapidly  set  in 
and  soon  end  in  death.  These  symptoms  are  due  to  a  more  or  less 
general  intravascular  thrombosis.  When  the  poison  is  introduced  into 
the  subcutaneous  tissues  the  symptoms  may  be  divided  into  local  and 
general.  Locally  there  are  very  severe  pain  and  rapid  onset  of  swelling, 
which  soon  extends  up  the  limb,  if  the  bite  is  on  an  extremity  ;   there  is 
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often  a  blood-stained  discharge  from  the  wounds.      Ek^chymosis  is  looo 
very  apparent  all  round  the  site  of  the  punctures. 

The  general  symptoms  are  marked  collapse,  a  small  thready  pok; 
cold  sweats,  nausea,  and  vomiting,  pupils  dilated  and  insensitiTe  to 
light,  and  often  complete  loss  of  consciousness.  The  patient  may 
temporarily  recover  from  these  general  symptoms,  only  to  fall  into  a 
deeper  state  of  collapse  than  before.  Death  often  takes  place  withis 
a  short  time  after  the  infliction  of  the  bite.  If,  however,  recoTeiT 
from  this  depression  takes  place,  the  local  condition  plays  an  importint 
part  in  the  subsequent  history  of  the  case.  The  swelling  exteodi. 
rapidly ;  there  is  a  large  extravasation  of  blood  with  much  oedema  all 
round  the  punctures.  Extensive  local  8uppiu*ation  and  sloughing 
malignant  oedema,  or  tetanus  may  supervene ;  and  the  symptomt  of 
these  conditions  may  now  be  added  to  those  due  directly  to  the  venom. 
These  latter  symptoms  consist  of  oedema  of  the  dependent  parts,  and  hmicr 
rhagos,  often  severe,  from  the  rectum  and  other  orifices  of  the  body; 
albuminuria  or  hsemorrhuge  from  the  kidneys  is  a  constant  synptoD. 
Kapid  emaciation  soon  appears,  and  in  the  prolonged  cases  a  profoand 
anaemia  and  Icthariry  set  in.  There  is  an  absence  of  paralysis  aadof 
any  symptoms  which  might  point  to  any  direct  action  of  the  poiaoo  oo 
the  central  nervous  system.  Death  may  be  delayed  for  several  dap; 
this,  however,  depends  more  on  the  local  condition.  Recovery  in  tbrte 
cases  is  not  at  all  uncommon. 

Bite  of  Echis  carinata, — This  is  a  comparatively  small  snake,  altbou^ 
its  poison  is  extremely  active.  The  symptoms  following  its  bite  ait 
similar  to  those  of  daboia-bite.  The  local  swelling  and  hsemorrhagie 
extravasation  are  severe.  As  the  amount  of  venom  injected  at  eadi 
bite  is  comparatively  small,  recoveries  are  fairly  common,  and  it  ii 
probable  tliat  the  mortality  from  this  snake  is  not  large.  ReoeDthr 
an  nuthentic  case  came  under  observation  in  St.  George's  Hospital, 
Bombay,  of  which  we  have  full  notes.  A  man  was  bitten  on  the  tempk 
by  an  Echis  aninata^  which  was  in  captivity  in  the  Museum  of  the  Bombaj 
Natural  History  Society.  He  came  under  observation  a  quarter  of  an 
hour  after  t'le  bite,  and  was  then  very  frightened  and  had  an  anxiow 
look  on  his  face.  The  whole  of  the  temple,  on  which  two  small  punctmti 
coidd  be  seen,  was  swollen  and  ecchymosed,  the  swelling  extending  to 
the  side  of  the  face  and  including  the  upi>er  and  lower  eyelids.  There 
was  severe  pain  over  the  wounds.  The  blood  which  exiided  from  inci- 
sions made  over  the  punctures  was  very  liquid,  and  remained  unclotted. 
Vomitin<2j  soon  beixau  and  continued  till  death.  The  pulse  was  vert 
small,  feeble,  irregular,  rapid,  and  at  times  could  hardly  be  felt  at  tb« 
wrist.  Extreme  restlessness  and  complete  insomnia  were  mark^ 
sympto?Ti8.  The  extremities  were  cold  and  clammy.  The  patient 
remained  conscious  for  many  hours  ;  but  a  short  time  before  deatli,  which 
took  place  twenty-five  hours  after  the  bite,  he  became  unconscious  and 
delirious.     There  were  no  haemorrhages  from  any  of  the  orifices. 

Bite  of  Ausiralmn  Species  of  Snakes. — The  pain  and  local  swelling  which 
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follow  a  bite  by  oue  of  ihe  larger  Australian  coiubrines  are  not  usually 
severe,  Coiiatimtional  symptoras  api)ear  in  from  fifteen  minutes  t«  two 
bours.  The  first  symptom  is  almost  invariably  a  feeling  of  faintneas  and 
un  irresiatible  desire  to  sleep.  On  an  attempt  to  walk  the  gait  becomes 
sta^ering,  and  the  weakness  in  tiie  tegs  iticreasen  until  tlio  patient  is 
iiitable  to  stjind  alone.  Alarming  symptoms  of  prostration  then  supervene, 
and  Are  often  accompanied  by  vomiting.  The  heart's  action  becomes 
extremely  feeble.and  the  pulse  thread-like  and  uncountable;  the  extremities 
lire  cold  and  the  skin  blanched.  Tlie  respiration,  which  at  first  is  some- 
what quickened,  becomes  shallower  from  hour  to  hour  as  the  coma  increases. 
Sensation  is  blunted,  and  eventually  stimulation  of  the  nerves  of  special 
aonae  ceases  to  evoke  any  reaction  :  the  pupil  is  widely  dilated  and 
insensible  to  light.  In  this  state  death  may  occur  from  gradual  cessation 
of  respiration ;  it  is  sometimes  preceded  by  convulsions.  The  heart, 
which  has  become  extremely  feeble  in  its  action,  may  sometimcB  bo  felt  to 
beat  for  a  few  seconds  after  the  cessation  of  respiration.  In  some  citses 
hemorrhagic  extravasation  also  occurs  from  some  mucous  surface ;  so 
that  the  patient  coughs  or  vomits  blood,  or  passes  it  by  the  rectum  or 
kidneys,  hut  this  is  unusual.  Albuminuria  bos  been  generilly  found 
when  looked  for,  and  may  be  accompanied  by  blood  or  blood-pigment  in 
the  urine.  If  t)ie  patient  survive  the  coma,  recovery  is  complete ;  and, 
as  a  ruin,  is  rapid  and  without  any  secondary  symptoms. 

Prognosis.— If  we  assume  that  the  susceptibility  of  man  to  snake- 
poisons  is  weiL'ht  for  weight  not  greatly  different  to  that  found  for  a 
monkey  or  a  dog,  then  by  reference  to  the  tables  above,  setting  forth  tlie 
quantity  of  venom  which  different  snakes  can  eject  at  one  time  and  tlicir 
minimal  lethal  dose,  it  is  obvious  that  the  liu'ger  serpents  can  discharge 
many  lethal  doses,  in  the  cose  of  the  cobra  20  lethal  doses,  into  a  person 
bitt«n.  Nevertheless,  the  mortality  in  jwrsons  bitlen  by  the  larger 
snakes  of  India  »iid  South  America  would  not,  from  ihe  scanty  records 
available,  appear  to  be  more  than  30  per  cent  If  these  figures  represent 
the  truth,  cither  the  suaceptibility  of  man,  weight  for  weight,  is  greatly 
less  than  that  of  must  other  animals,  or  else  in  the  circumstances  in  which 
a  sniike  bites  a  man  the  reptile  is  seldom  able  to  inject  its  full  charge. 
The  formiT  iibemaiive  seems  to  us  unlikely  on  general  grounds,  and  we 
incline  to  the  latter  view  as  tlie  more  probable.  When  a  snake  bites  a 
man,  it  is  generally  in  a  hurry  ami  it  is  not  permitted  to  gnaw  away  at 
its  victim  in  the  same  way  as  it  is  enconrajjcd  to  bite  a  watch-glass  for 
the  purpose  of  collecting  venom  in  the  laboratory. 

Treatment  of  Cases  of  Snake-bit«.  —  When  a  person  has  been 
bitt«n  by  a  jioisonous  snake  our  efforts  to  intlucnce  the  result  should  take 
two  dii-ections;  (1)  to  prevent  the  absorption  of  the  poison;  (2)  to 
counteract  or  Icss'-n  its  effects  on  the  oi^anism, 

(1)  With  the  (ir-t  object  a  ligature  ahoidd  immediately  be  placed  on 
the  limb  above  the  situiLtion  of  the  bite;  the  ligiiture  must  of  course  be 
applied  where  there  is  on'y  one  hone  and  not  on  the  forearm  or  lower 
leg.     Wall  strongly  recommends  a  stout  india-rubber  band  as  being  by 
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far  the  best  material  for  use  as  a  ligature ;  but  in  ordinary  circumsUDcei 
only  a  portion  of  clothing  would  be  available,  and  answers  quite  well 
The  ligature  roust  be  tightly  applied ;  this  is  easily  attained  by  paaeinc 
a  stick  under  the  ligature  and  twisting  it.  The  action  of  the  ligature  i» 
to  delay  the  absorption  of  the  venom  for  just  so  long  as  it  may  be 
applied,  and  in  the  case  of  venoms,  such  as  those  of  the  cobra  and  tk 
krait,  which  contain  no  fibrin-ferment,  this  is  all  that  is  accomplished  Ir 
its  use.  In  those  venoms,  however,  which,  like  Ediis  airinata  and  manr 
of  the  Australian  snakes,  contain  fibrin-ferment,  it  operates  in  another  vir 
and  one  which  would  hardly  have  been  expected.  Experiments  with  th* 
poisons  of  Notechis  scutiitus  and  A^.  psevdeihis  have  shewn  that  six  times  a 
fatal  dose  of  these  venoms  may  be  injected  into  the  leg  of  a  rabbit  and  be 
followed  by  little  or  no  constitutional  disturbance,  provided  an  ekstic 
ligature  be  applied  immediately  afterwards  above  the  seat  of  inocalatioQ 
and  allowed  to  remain  on  for  twenty  minutes.  These  experiments  have 
been  frequently  repeated,  and  on  dissecting  down  onto  the  situation  d 
the  injection  it  was  discovered  that  the  blood  and  lymph  in  the 
immediate  neighbourhood  of  the  seat  of  inoculation  were  completelf 
solid,  so  that  the  poison  was  temporarily  shut  up  and  could  only  hi 
slowly  absorbed  subsequently.  Moreover,  it  is  not  unlikely  that  a  good 
deal  of  it  became  combined  with  the  cells  in  the  locality.  On  repeadng 
these  experiments  with  the  same  venoms  which  had  been  exposed  to  % 
temperature  of  Ib'^  C,  so  as  to  destroy  the  fibrin -ferment^  the  only 
result  of  ligaturing  the  limb  was  to  delay  the  onset  of  symptoms  and 
death  of  the  animal  for  so  long  as  the  ligature  had  been  applied. 

Having  by  means  of  the  ligature  insured  that  no  more  poison  it 
absorbed,  the  next  step  is  to  destroy  or  remove  what  poison  still  remaim 
deposited  locally,  with  the  object  of  preventing  as  much  as  possible  of 
the  venom  from  entering  into  the  general  circulation  on  removal  of 
the  ligature.  There  is  great  difficulty  in  thoroughly  accomplishing  ihi* 
object.  Wall  has  correctly  pointed  out  that  the  poison  is  depositrf 
not  in  the  skin  itself  but  in  the  areolar  tissue  beneath,  and  that  as  the 
skin  is  as  a  rule  freely  movable  over  the  parts  below,  the  fangs  may  have 
dragged  it  away  from  its  proper  position  before  the  poison  is  injected. 
In  this  w'Ay  it  may  happen  that  the  poison  is  not  deposited  immediatek 
beneath  the  punctures.  Keeping  this  possible  contingency  in  view.  Wall 
strongly  recommends  careful  and  deep  dissection  with  the  knife  of  all  the 
parts  likely  to  contain  the  poison.  The  dissection  must  be  free  in  »ll 
directions,  especially  so  in  the  direction  of  the  lymphatic  and  venoo* 
return.  In  the  case  of  the  fingers,  hand,  and  such  parts  it  should  be 
carried  rii^ht  down  to  the  bone.  After  this  free  and  careful  dissection, 
the  wound  should  be  freely  washed  out  with  a  strong  solutinn  of 
]>ermanganate  of  potiish,  which  will  destroy  any  poison  with  which  it 
comes  in  contact.  Many  other  methods  have  been  recommended  for  the 
destruction  of  the  poison  locally.  The  injection  of  any  substance,  sucli 
as  bleaching-powder  or  chloride  of  gold,  as  recommended  by  CaWtte. 
can  be  made  by  guess-work  only,  as  we  do  not  know  exactly  where  the 
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poison  lies ;  and  the  solution,  instead  of  following  the  venom,  will  take  the 
line  of  least  resistance  in  the  tissues,  and  if  the  patient  recover  will 
produce  a  nasty  slough.  AVashing  the  punctures  with  any  kind  of 
solution  is  of  course  futile.  AVall  also  considers  that  the  application  of 
any  destructive  agent  to  an  incision  through  the  wounds  is  almost 
useless;  he  found  that  such  a  method  sometimes  succeeded  after  the 
injection  of  the  poison  with  a  syringe,  but  was  without  avail  after  the 
natural  bite  of  a  snake.  The  same  difficulty  will  be  met  in  the  method 
lately  advocated  by  Sir  L.  Brunton,  Sir  J.  Fayrer,  and  Major  Itogers, 
in  which  it  is  advised  that  an  incision  be  made  over  the  punctures 
with  a  lancet-shaped  blade  and  crystals  of  permanganate  of  potash 
then  be  rubbed  in.  Major  Rogers  found  this  method  successful  in  the 
ease  of  cats,  but  in  these  experiments  he  knew  accurately  the  direction 
taken  by  the  point  of  the  needle ;  in  practice  we  fear  that  it  will  only 
be  by  chance  that  the  permanganate  reaches  the  poison,  which  may  be 
|daced  deeply  in  the  areolar  tissue  and  at  some  distance  from  the 
punctures.  The  method,  therefore,  must  be  much  less  efficacious  than 
that  of  free  dissection,  as  recommended  by  Wall,  followed  by  swabbing 
out  of  the  wound  with  a  strong  solution  of  permanganate  of  potash.  To 
sack  the  wounds  is  absolutely  useless. 

(2)  As  well  as  attempting  to  remove  and  destroy  as  much  as  possible 
<rf  the  venom  which  has  been  deposited  locally,  we  must  endeavour  to 
render  innocuous  any  poison  which  has  been  already  or  is  likely  to  be 
absorbed  into  the  general  circulation.  Various  remedies  have  been 
soggested  and  strongly  recommended  for  the  treatment  of  cases  of  snake- 
bite. Alcohol,  ammonia,  and  strychnine  have  been  strongly  advocated ; 
the  two  latter  especially  in  Australia.  But  all  experimental  work,  as 
well  as  practical  experience,  prove  that  none  of  these  medicines  is  of  the 
slightest  use  as  an  antidote  to  snake- venom.  In  India  numbers  of  quack 
medicines  are  year  after  year  recommended,  only  to  be  found  quite  use- 
less when  tested  experimentally.  It  is  quite  unnecessary  to  consider 
these  remedies. 

Thf.  Serum  Treatment  of  Snake -poisoning. — While  all  these  empirical 
methods  have  failed  us  in  the  treatment  of  cases  of  snake-bite,  recent 
research  has  shewn  that  along  the  line  of  serum-therapeutics  lies  the  tnie 
antitlote  for  snake- venom  intoxication.  In  1894  Calmette  established 
that  an  animal  that  has  been  treated  over  a  length  of  time  with  the 
menom  of  a  poisonous  snake,  such  as  the  cobra,  yields  a  serum  which  is 
antitoxic  towards  that  poison.  On  account  of  the  interest  and  importance 
of  the  subject,  a  short  description  of  the  work  which  has  led  up  to  this 
refinlt  will  not  be  out  of  place. 

The  belief  that  by  the  repeated  injection  or  eating  of  snake-poisons 
some  amount  of  immunity  can  be  established,  has  been  current  from 
rery  ancient  times  amongst  the  inhabitants  of  many  lands  where  poisonous 
serpents  abound.  Sir  T.  R  Fraser  has  collected  a  number  of  these  legends 
and  presented  them  in  an  interesting  introduction  to  his  lectures  on 
Immunisation  against  Serpent's  Venom,  delivered  at  the  Koyal  Institution 


{Natwf,  April  23,  1896).  That  individuals  who  have  repeaudly  Wt 
bitten  by  snakes,  sucli  its  some  native  snake- th  arm  era  and  othert  in 
the  habit  of  manipidating  these  reptiles,  may  possess  a  coosidenbli! 
amount  of  resistance,  is  iiniioubte<i.  We  are  aware  of  the  cue  nf 
a  European  in  Australia  who  used  to  ntanipiilat«  A'f^ffJii*  wJidii 
with  impunity,  and  who  was  bitten  on  more  than  one  occasion  in  oar 
presence,  with  l>ut  slight  manifestation  of  ill  effect.  This  individwl 
was,  however,  under  tlie  impression  that  his  immunity  nm  e«)uill5 
valid  for  other  poisonous  species,  and  on  being  bitten  by  a  lirp 
specimen  of  Denismia  mperha,  in  endeiLvouring  to  secure  it,  djed  on  4* 
following  day. 

Immunity  against  snake-venom  by  experiments  u})on  nninuli  m 
Hrst  obtained  by  Sewall,  who  ahewed  that  repeated  injections  of  uD 
doses  of  rattlesnake -poison  establish  a  resistance  to  the  poison.  SbV 
sequenlly  Kiinthack  succeeded  in  obtaining  some  resistance  to  eolin' 
poison,  but  was  unable  to  obtain  complete  immunity.  Phisalix  «Bii 
Bertrand  in  1893  induced  some  immunity  in  rabbits  by  repeated 
injections  of  tlie  European  viper's  venom,  which  had  previously  ben 
heated  to  80"  C,  and  found  that  the  seinim  of  the  aniiu^  tlnu 
treated  was  possessed  of  curative  properties.  In  1894  CaltntUt 
published  an  account  of  his  extended  reseai-clies  on  this  snbjecL  R; 
patiently  immunising  horses  against  cobra-venom,  Calmette  succeeded  in 
producing  sufficient  antitoxin  in  their  serum  to  lie  of  some  practicil 
value.  In  the  following  year  Sir  T.  K.  Fraser,  who  had  also  ben 
investigating  the  snme  problem,  published  a  confirmation  of  CalntetU'a 
results  and  some  further  points  of  importance  in  relation  to  the  nature  of 
the  protective  action  of  the  serum.  The  results  of  these  two  ofaoerven, 
working  quite  independently  of  each  other,  shewed  that  a  solid  imrounii) 
could  be  obtAincd  by  repeated,  long-continued  injections  of  snake-venonj, 
and  that  the  serum  of  an  animal  treated  in  this  way  cont^ineil  antit«ii( 
substrtnces.  Calraette  then  proceeiled  to  produce  an  unti-venomoua  senmi 
in  sufficient  quantity  for  therapeutic  purposes.  This  serum  was  prepani 
with  a  mixture  of  snake-venoms,  in  which  mislure,  however,  cobra-poisoa 
greatly  preponderated. 

The  Speeifieit)/  of  AnH-rmomous  Serums. — Calmette  asserted  that  ibt 
serum  prepared  at  Lille  was  active  against  the  vetioms  of  all  Bpeoiet  of 
snakes,  a  claim  based  on  the  conception  that  alt  enake-venoms  are  alikt  in 
physiological  action  and  differ  from  one  another  only  in  tbeir  degnttf 
toxicity.  In  the  light  of  more  recent  research,  this  conception  !«,••« 
have  seen,  no  longer  tenable,  and  the  contention  regarding  tha  nnirtnil 
applicability  of  the  serum  prepared  at  Lille  has  been  shewn  to  be  witboitl 
foundation.  This  serum  was  found  iuJidequate  to  presen-e  aBiinsJ* 
against  injections  of  the  poison  of  the  Australian  tiger-snake,  altfaCM^ 
it  possessed  a  certain  neutralising  value  for  the  neurotoxin  of  this  poisw- 
Subsequent  experiments  in  Sydney  shewed  that  the  same  was  true  ufir 
as  the  poisons  of  other  Australian  snakes  were  concerned.  In  IntliaK 
was  shewn  that  the  Lille  serum,  while  active  for  cobra-veuom,  liad  M 
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Mttr^Ufling  effect  for  the  poisons  of  the  following  snukes,  namely,  Duboiti 

rliii,  Bunfftinit  fiisdalun,  and  Efhis  airiitata. 

Keceiilly  Calmotte  went  au  far  as  to  lidmit  that  in  some  venoms  there 
■  two  poisonous  constituents,  niimely,  a  neurotoxin  and  a  hacmorrhagin  ; 
I  thnt  the  antitoxic  semm  prepared  by  injei'ling  cobra-venom  ia  with- 
oal  action  upon  this  hiemorrhagin,  but  that  auch  a  eonim  is  distinctly 
antitoxic  to  all  the  neurotoxins  of  other  venoms.  This  hypothesis,  how- 
ever, is  not  in  consonance  with  the  facts  which  have  been  acquired  by 
the  careful  testing,  both  In  vivii  and  in  rilfi,  of  various  serums  prepared 
with  pure  unmixed  venoms. 

As  this  question  of  specificity  or  non-specificity  of  eerunts  is  of  practical 
imjiortiince,  results  which  have  been  obtained  with  six  pure  anti-serams  are 
worthy  of  mention  in  some  detail:  (1)  a  serum  prepared  by  Tid  swell 
with  the  poison  of  A'otechix  Kutalitt! :  (2)  a  senmi  prepared  by  one  of  us 
{G.  L.)  with  cobra-poison;  (3)  a  serum  prepared  by  one  i>i  us  (G.  L) 

PI  the  venom  of  Thboin  nissflUi ;  (4)  a  serum  prepared  by  Noguchi 
I  crotal us- venom :  (0)  a  serum  prepared  by  Noguchi  with  moccasin- 
on;  (6)  B  serum  prepared  by  Brazil  with  laches  is- poison. 
(1)  Serum  prepared  with  the  poison  of  Ni^chis  sculalus. — This  serum 
tested  in  riiv  haa  been  shewn  to  be  strongly  antitoxic  for  its  homologous 
venum,  but  to  be  without  neutralising  action  for  the  venoms  of  P^eiideeln's 
and  Itifmenia,  two  species  of  Australian  snakes,  the  poisons  of  which  have 
physiological  actions  apparently  identical  with  those  of  the  venom  of 
Snkekis  sculaius.  It  ha£  also  been  shewn  to  bo  without  neutralising  etTect 
on  the  general  actions  in  viixi  of  the  poisons  of  the  following  colubnne 
species :  cobra,  king  cobra,  Btingarus  caruteuf,  Bungaras  fwieialtu,  Knhydrma 
vnlaliodieK ;  and  of  the  following  vipei-s :  Dahoia  rusxUii,  Sehii  mrivala, 
LurhesU  fframtHetis,  and  Crolalus  ditrissux.  When  this  serum  is  tested  in 
riiro  against  the  hfemolytic  action  of  the  sevetal  venoms,  the  following 
result  is  obtained :  it  neutralises  the  venom  of  Enhi/driiui  ivilakadm 
rather  better  than  it  neutralises  the  poison  with  which  it  has  been  pre- 
pared :  also,  it  has  a  marked  inhibitory  ett'ect  on  the  action  of  cobra- 
venom  and  of  Eehif  cnritmUi  poison  ;  but  it  has  no  inhibitory  effect  on  the 
h»moIytic  action  of  other  six  poisons,  namely,  the  venoms  of  the  king 
cobra,  of  Bungana  arralfus,  of  Biingams  famaiuK,  of  Daboia  rwatUU,  of 
Ijarkfsis  gmmiwnu,  and  of  Crotnlus  durissiis. 

Finally,  this  semm  has  been  tested  against  the  clotting  action  which 
sevcml  venoms  exert  on  citrate- plasma,  that  is  to  say,  against  the  fibrin- 
fertnent  contained  in  the  |>oisons.  The  results  of  these  observations  shew 
that,  while  the  serum  neutralises  well  it^  homologous  venom  and  also  that 
of  NoUcltia  psewitchu,  it  is  quite  inactive  against  three  other  poisons, 
luimely,  the  ferment  in  the  venoms  of  Eehis  rarinala,  of  Lafhesis  gramineug, 
and  of  Crotnlm  dnnsniis. 

(2(  Serum  prepared  with  pure  cobra-venom. — This  senim,  tested  i« 
I'ini  against  the  general  actions  of  various  poisons,  is  Found  to  be  strongly 
antitoxic  for  the  venom  useil  in  its  preparation  ;  when  used  in  large 
quantity  it  baa  a  slight  neutraliairig  power  for  the  venom  of  Enhydrina 
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valakadien  ;  further,  it  delays  death  in  cases  of  intoxication  with  ihe 
venoms  of  the  king  cobra  and  of  Bungarus  fasciattis,  but  even  when 
used  in  large  quantities  does  not  completely  neutralise  these  poisons. 
This  serum  contains  no  antitoxic  substances  active  against  the  venom  <it 
Buagaras  ccerulev^.  It  was  also  found  to  be  without  neutralising  effect 
for  the  venoms  of  the  following  viperine  snakes :  Dabam  rustseHii,  Wi> 
carinatdy  Lacliesis  gramineuSy  and  Crotalus  durissus. 

Cobra  an  ti- venom  was  found  to  be  largely  specific  as  far  as  the 
haemolytic  actions  of  the  several  venoms  are  concerned  :  thus,  it  neutral- 
ises its  homologous  venom  in  a  marked  degree ;  it  prevents  to  a  certain 
extent  the  haemolytic  action  of  the  venom  of  Bungarus  ettrukuf,  a 
relatively  much  greater  quantity  of  serum,  however,  being  required  to 
effect  this  than  in  the  case  of  cobra-venom ;  finally,  it  has  no  hindering: 
effect  at  all  on  the  hsemolysing  action  of  eight  other  poisons,  namely,  the 
venoms  of  king  cobra,  of  Bungarus  fasciatus,  of  Noiechis  scuiatus^  of 
Enhydrina  valakadien^  of  Daboia  russelliiy  of  Echis  carinatOy  of  Ltuheas 
gramineus,  and  of  Crotalus  durissus.  The  serum  was  further  tested,  also 
in  vitro,  against  the  anti-clotting  action  of  both  cobra  and  king-cobra 
venoms.  It  was  found  to  neutralise  well  the  venom  of  the  cobra,  but 
to  have  little  or  no  effect  on  king-cobra  poison. 

(3)  Serum  prepared  with  the  venom  of  Daboia  russellii. — ^This  serum 
has  also  been  tested  both  in  vivo  and  in  vitro.  When  tested  in  vieo  against 
the  general  actions  of  various  poisons,  it  was  found  to  have  no  effect 
whatever  on  any  of  five  colubrine  venoms,  namely,  the  venoms  of  tlie 
cobra,  king  cobra,  Bungarus  cosrvleuSy  Bungarus  fasdatuSj  and  Enhydrm 
valalcadien ;  to  neutralise  well  its  homologous  venom ;  to  have  a  certoia 
but  not  very  marked  neutralising  effect  on  the  venom  of  another  viper, 
namely,  Crotulus  duruisus;  to  have  no  antitoxic  action  for  the  venon 
of  a  closely  allied  viper,  Echis  carinata,  nor  for  that  of  another  Indiu 
viper,  Lacliesis  gramineus.  When  tested  in  vitro  against  the  haimoljtk 
actions  of  several  venoms,  it  was  found  that  this  serum  has  no  hindeiiog 
eftect  whatever  on  the  venoms  of  six  colubrine  snakes ;  that  it  neutralisef 
equally  well  the  venom  with  which  it  was  prepared  and  the  venom  'i 
Echis  airinata ;  that  it  has  a  considerable  but  less  neutralising  effect  on 
the  venom  of  Crotalus  durissus,  but  no  hindering  effect  on  the  poisooof 
Lachesis  gramineus.  Further,  when  tested  in  viiro  against  the  fibrin- 
ferment  actions  of  various  poisons,  it  was  found  that,  while  the  scnun 
neutralises  well  its  homologous  venom,  it  has  no  effect  on  the  poisom  vi 
four  other  species,  one  colubrine  and  three  viperine,  namely,  yattdi^ 
scutatus,  Echis  carinata,  Lachesis  gramineus,  and  Crotalus  durissfi^. 

(4)  and  (5)  Serums  prepared  with  crotalus- venom  and  with  mocefc«in 
venom. — The  details  of  the  testing  of  these  two  serums  have  not  bwD 
published  in  a  complete  and  full  form ;  but  the  data  which  are  avaiUble 
are  clearly  of  the  same  nature  <as  those  obtained  with  the  three  serum* 
mentioned  above. 

(6)  Brazil  found  that  the  Lille  serum  was  unable  to  save  aniouk 
poisoned  with  lachesis  and  crotalus  venoms;   that    his  serum  prepared 
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with  the  venom  of  lachesis  was  without  action  upon  cro talus-poison,  but 
that  the  anti-crotalus  serum  did  possess  some  action  against  the  venom 
of  Lachesis  lanceolattis  as  well  as  that  of  crotalus. 

All  these  careful  and  detailed  observations  point  to  the  same  conclu- 
sion, namely,  that,  both  in  in  vivo  and  in  litro^  anti-venomous  serums  are 
highly,  but  not  strictly  specific. 

The  neurotoxin  of  cobra-venom  is  evidently  somewhat  different  from 
that  of  the  king  cobra  and  Bungarus  fasciatus,  and  quite  different  from 
that  of  the  common  krait  {Bungarus  cceruleus).  Further,  it  is  also  clear 
that  the  haemolytic  constituents,  the  hsemolysins,  differ  markedly  from 
one  another.  The  same  can  be  said  of  the  fibrin-ferments  of  the  various 
venoms.  In  short,  Calmette's  conception  of  the  identity  of  neurotoxins, 
etc.,  is  not  justified  by  the  facts;  on  the  contrary,  it  is  clear  that 
identity  in  physiological  action  does  not  justify  the  assumption  that  a 
serum  prepared  with  one  venom  will  neutralise  another.  Megatheriolysin 
and  tetanolysin  both  dissolve  corpuscles,  but  a  serum  prepared  against 
one  is  without  effect  upon  the  other. 

The  bearing  of  this  conclusion  on  the  problem  of  the  serum-thera- 
peutics of  snake-bite  is  evident,  for  at  the  outset  we  are  met  with  the 
almost  insurmountable  difficulty  that  only  the  specific  anti-serum  will  be 
of  use  in  a  case  of  snake-venom  intoxication.  Now,  in  the  first  place, 
it  seems  almost  impossible  to  collect  these  various  venoms  in  quantities 
sufficient  for  the  purpose  of  immunisation  of  large  animals ;  and,  in  the 
second  place,  granted  that  it  were  possible  to  prepare  anti-serums  for  the 
different  poisons,  the  practical  use  of  these  would  be  beset  with  difficulty. 
For  when  a  person  is  bitten  by  a  snake  he  is  rarely  able  to  tell  the 
Species  of  snake  which  has  inflicted  the  bite ;  furthermore,  as  an  anti- 
Tenomous  serum,  to  be  of  much  practical  utility,  must  be  injected  before 
any  symptoms  of  intoxication  have  set  in,  the  medical  man  who  is  called 
on  to  treat  a  case  of  snake-bite  is  not  as  a  rule  in  a  position  to  form  an 
opinion,  either  from  the  history  of  the  case  or  from  the  symptoms,  as  to 
the  nature  of  the  venom  which  has  been  injected.  Probably  the  solution 
of  this  difficulty  will  lie  in  our  being  able  ultimately  to  prepare  a 
polyvalent  serum  with  the  venoms  of  the  commonest  and  more  deadly 
snakes.  This  principle  is  carried  out  to  a  limited  extent  at  Lille ;  and 
from  the  Pasteur  Institute  of  India  a  serum  is  being  issued  which  is 
prepared  by  immunising  horses  with  the  unheated  poisons  of  the  cobra 
and  the  daboia,  the  two  snakes  chiefly  responsible  for  the  20,000  or  more 
deaths  which  occur  annually  from  snake-bite  in  India.  So  far  it  has  been 
found  impossible  to  procure  enough  venom  from  the  other  Indian  species 
to  immunise  large  animals. 

The  Dose  of  Serum  Necessary. — Calmette  considers  that  10  c.c.  of  the 
Lille  serum  is  sufficient  in  most  cases  of  snakebite  ;  but  that  if  the  treat- 
ment is  delayed,  or  if  the  snake  is  a  cobra  or  a  krait,  30  c.c.  should  be 
nsed.  He  recommends  that  the  injection  should  be  given  subcutaneously 
unless  symptoms  are  already  present,  in  which  ciise  an  intravenous  injec- 
tion of  10  or  20  c.c.  is  required. 
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For  reasons  which  will  appear  below,  we  are  convinced  that  thMi 
small  quantities  are  quite  insufficient  in  the  case  of  the  cobra,  a^uMi 
which  the  Lille  serum  is  particularly  antitoxic.  In  order  to  arriTC  at  in 
accurate  therapeutic  dose  of  an  anti-venomous  serum  three  factors  mmt 
be  determined  :  ( 1 )  the  neutralising  power  of  the  serum,  that  is  to  nj, 
the  exact  amount  of  serum  which  can  neutralise  a  given  amount  of  venom : 
(2)  the  amount  of  poison  which  the  snake  can  inject ;  (3)  the  quantity  of 
venom  the  injection  of  which  a  man  can  survive. 

Two  c.c.  of  the  Lille  senim  are  stated  to  have  the  power  of  neutraliiiiig 
1   milligramme   of   dried  cobra- venom,  and  the  serum   issued   bj  \Jbft 
Pasteur  Institute  of  India  is  double  this  strength,  or  1  c.c.  neutnliiet 
1  mg.  of  cobra- venoRL     If  this  is  expressed  in  terms  of  the  nombo'  of 
fatal  doses  for  a  guinea-pig  of  '250  grammes  which  can  be  neutralised  bf 
I  c.c.  of  serum,  a  comparison  may  be  drawn  between  the  relative  poteocr 
of  anti- venom  and  the  antitoxins  for  diphtheria  and  tetanus.     Exprewd 
in  this  way,  1  c.c.  of  the  Indian  serum  neutralises  only  10  tninimiJ  fiual 
doses  for  a  guinea-pig  of  standard  weight     On  the  other  hand,  1  in 
every  4  horses  will  produce  a  diphtheria  antitoxin,  1  c.c.  of  which,  when 
tested  under  the  same  conditions,  will  neutralise  100,000  minimal  fitil 
doses  of  toxin,   or,  if  immunised  against  tetanus,  will  furnish  teUnu 
antitoxin,  1  c.c.  of  which  will  neutralise  200,000  minimal  fatal  doaeii 
It  will  be  seen  at  once  that,  compared  with  these  antitoxins,  anti-venom  if 
very  weak  indeed ;  in  fact,  if  the  other  antitoxins  were  only  possessed  of 
such  small  neutralising  power  they  would  be  of  little  practical  uaci    b 
has  not  at  present  been  found  possible  to  immunise  a  horse  so  thst  it 
shall  produce  a  serum  of  greater  power,  but  possibly,  by  different  method! 
of  immunisation,  serums  of  greater  potency  may  be  i»t)duced  in  tbe 
future. 

We  have  thought  it  advisable  to  lay  stress  upon  the  real  antitoxic 
value  of  anti-venoms,  because  we  think  this  point  has  been  very  impe^ 
fectly  realised. 

The  second  point,  namely,  the  amount  of  venom  which  a  snake  cu 
inject,  has  been  settled  in  the  case  of  cobra  and  daboia  venoms  by  actoil 
experiment.  In  the  cobra  this  amoiuit  varies  from  200  to  350  milli' 
grammes  of  dried  venom,  and  in  the  case  of  the  daboia  it  is  somawkK 
less,  namely,  150  to  250  milligrammes.  These  observations  were  carried 
out  on  fresh  snakes  recently  caught.  Calmette  has  made  a  series  of 
experiments  with  cobras  which  had  evidently  been  kept  in  captivity  for 
some  time ;  the  greatest  amount  of  dried  venom  which  he  was  aUe  to 
procure  was  48  milligrammes,  and  the  average  amount  was  aboat  ^ 
milligrammes.  The  therapeutic  dose  of  serum  recommended  by  him  ii 
calculated  on  this  basis,  and  is  evidently,  therefore,  much  too  smidL  It  i* 
obvious  that  in  estimating  the  dose  of  anti-venomous  serum  to  be  used  ii 
the  treatment  of  any  case,  say  of  cobra-bite,  it  should  be  home  in  miod 
that  the  snake  nmij  have  injected  as  much  as  350  milligrammeBi  for  the 
neutralisation  of  which  quantity  sufficient  serum  must  be  injected  io 
order  to  save  the  patient's  life.     There  must  be,  of  course,  many 
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rkich  less,  probably  a  good  deal  less,  venom  would  be  injected,  and  a 
mailer  amount  of  serum  would  then  suffice;  but  there  are  no  means 
»y  which  this  point  can  be  estimated,  and  as  treatment  must  be 
nmediace  there  is  no  time  to  wait  and  watch  the  development  of  the  case. 

The  third  factor,  the  amount  of  venom  which  a  man  can  survive, 
lust  next  be  considered.  This  can,  of  course,  only  be  estimated  roughly 
nom  experiments  on  animals.  Basing  our  calculations  on  the  results 
btained  with  monkeys,  we  have  arrived  at  the  conclusion  that  for  an 
verage  man  the  lethal  dose  of  cobra- venom  would  be  about  15  to  20 
lilligrammes,  and  of  daboia- venom  about  60  milligrammes.  A  man  would, 
lerefore,  be  able  to  survive  slightly  less  than  these  ^mounts  of  poison. 

Having  as  far  as  is  possible  arrived  at  the  data  on  which  the  dose  of 
)rum  to  be  used  in  any  case  of  cobra-  or  daboia-bite  rests,  we  have  now 
I  calculate  what  this  dose  ought  to  be.  In  the  case  of  a  cobra-bite, 
ipposing  the  serum  to  be  of  such  strength  that  1  c.c.  is  able  to  neutral- 
e  1  milligramme  of  pure  cobra-poison,  if  the  snake  has  injected  the 
laximum  amount  of  poison,  namely,  about  350  milligrammes,  we  can 
ilculate  that,  in  order  to  neutralise  this  (juantity  of  venom  and  thus 
ive  the  life  of  the  patient,  350  c.c.  of  serum  would  h.-ive  to  be  brought 
I  contact  with  it.  In  the  case  of  a  daboia-bite  a  much  smaller  quantity 
\  serum  would  serve  the  same  purpose,  as  we  have  seen  that  this  snake 
oes  not  inject  so  much  poison  as  the  cobra,  that  the  serum  neutralises 
K>ut  double  the  amount  of  daboia-venom,  and  further,  that  the  minimum 
ithal  dose  of  daboia-venom  by  subcutaneous  injection  is  much  greater 
lan  that  of  cobra-poison.  We  can  therefore  calculate  that  about  100  c.c. 
f  serum  would  be  sufficient  to  neutralise  the  amount  of  venom  which  a 
ill-sized  daboia  would  be  able  to  inject. 

We  have  still  to  consider  the  method  of  injection,  as  these  quantities 
\  serum  are  the  amounts  which  would  be  required  to  neutralise  com- 
letely  the  venoms  when  they  are  mixed  u\.  vitro  before  injection.  It 
AS  been  shewn  that  as  good  results  follow  the  simultaneous  injection  of 
quantity  of  venom  su1>cutaneously  and  of  a  neutralisirtg  dose  of  anti- 
Bnom  intravenously  into  an  animal  as  are  obtained  wiien  the  venom 
ad  serum  are  mixed  in  vitro  before  injection.  If,  however,  the  serum 
a  injected  subcutaneously  at  the  same  time  as  the  venom,  it  was  found 
lat  from  10  to  20  times  the  neutralising  dose  of  serum  was  required  to 
ive  the  life  of  the  animal.  Applying  these  observations  to  our  present 
urpose,  we  arrive  at  the  conclusion  that  in  treating  a  case  of  cobra-bite 
I  which  the  snake  had  injected  the  maximum  amount  of  poison,  we 
lould  have  to  inject  350  c.c.  of  serum  intravenously  or  from  3500  to 
000  c.c.  subcutaneously  in  order  to  save  the  life  of  the  pitient  (!),  and  in 
le  case  of  daboia- bites  100  c.c.  intravenously  or  from  1000  to  2000  c.c. 
ibcutaneously  (!).  Further,  if  symptoms  have  already  appeared  before 
reatment  was  begun,  larger  amounts  of  serum  would  be  required  to 
issociate  the  poison  from  its  junction  with  the  cells.  If  the  Lille  serum 
e  employed  these  quantities  must  be  doubled,  us  it  is  only  half  the 
trength  of  that  issued  by  the  Pasteur  Institute  of  India. 
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We  have  no  desire  to  discourage  the  use  uf  anti-veuomotu  aeniiiu,Iu 
oiicB  the  poison  has  been  absorbed  ihey  ar»  the  only  remodiea  aTaiUblu. 
but  we  wish  to  point  out  what  is  the  real  neutraltsiiig  valuf  of  the  tenm 
mid  what  may  reasonably  be  expected  from  ita  use,  and,  further,  u 
erapbaeiso  thftt  quantities  of  10  to  30  u.c,  as  recommeDded  by  Calmctk. 
itre  hopelessly  iuadequate  and  only  likely  to  lead  to  disappoiiitnmnt. 

Thcra  are,  of  uourse,  many  cases  of  snuke-bite  iii  which  fur  nmx 
reasons  the  snake  does  not  inject  anything  appi'oachitig  300  milligraDusin 
of  poisim,  and  for  such  cases  treatment  with  a  much  smaller  ([uantFty  ni 
semra  tiian  those  mentioned  above  would  suDice.  It  is  in  fact  probaUt 
that  the  great  majority  of  cases  would  come  into  this  hitter  csUtgorr , 
but  it  must  always  be  remembered  that  if  the  larger  uiaoiuits  of  «cnuii 
are  not  injected  the  treatment  may  fail  because  more  than  a  Ictbid  iIuk 
of  poison  remains  unneu trail sed. 

In  the  case  of  the  bite  from  a  snake  for  which  a  specific  eenin  » 
available,  e.g.  cobra  or  daboia,  this  should  always  be  injected.  Fv 
reasons  which  liave  been  set  forth  above,  the  following  inatroetio* 
shiiuld  be  followed  : — 

(1)  The  injuction  should  be  made  as  soon  aft«r  the  bite  »=  pcwnble. 

(2)  The  injection  sh')n!d  always  be  made  iniruvenously. 
{3)  At  least  100  c.c,  of  serum  should  be  injected. 

In  cases  of  bites  from  species  of  snake  for  which  no  specific  Mnu 
exists,  no  benefit  can  be  hoped  for  from  the  use  of  any  other  sorum.  Ai, 
huwever.  it  is  extremely  rare  to  be  able  to  identify  without  anydmln 
the  species  of  snake  which  has  inflicted  the  bite,  the  serum  treatomi 
shoidd  be  employed  in  India  in  every  case  of  snake-bite,  on  the  chann 
that  the  snake  was  either  a  cobra  or  a  daboia. 

We  are  still  far  from  the  goal  of  an  efficient  polyvalent  snniiD-  li 
would  be  of  the  utmost  value  if  we  were  able  to  obiain  a  stronger  sewn 
in  a  short  interval  of  time  without  causing  injury  to  the  animak  |•^^ 
ducing  the  aerum.  All  workers  on  this  subject  are  agreed  that  in 
to  procure  a  serum  of  sufGcient  strength  for  practical  therapeutic  piiqiMn 
horses  have  to  be  treateti  over  a  period  of  from  one  year  tn  a  ymr  ui 
a  half.  Further,  after  each  injection  an  abscess  nearly  always  fonns,  uA 
aometimes  there  is  most  extensive  sloughing.  Hy  modifying  venom 
as  to  produce  toxoids  prior  to  injection,  much  perhaps  may  be  Ami 
obviate  these  objections.  We  have  already  mentioned  that  P'lexncr 
Nogtichi  were  able  to  immunise  rabbits  witli  crotalus- venom  which  b»« 
been  modified  by  tre;itment  with  weak  hydrochloric  ucid.  The  solutiia 
of  the  problem  of  obtaining  a  senim  which  is  efficient  for  most  specie*  4 
snakes  is  also  hampered  by  the  difficulty  of  obtaining  supiilies  tit  poiMm 
sufficient  for  the  immunisation  of  large  animals.  Thus  in  India,  naia 
the  very  best  conditions  and  with  the  strong  support  of  the  Govcnunotl 
of  India,  it  has  been  found  impossible  to  obtain  any  venoms,  witli  lie 
exceptions  of  those  of  the  cobra  anri  the  daboia,  in  sufficient  quantity  m 
immunise  animala.  Until  this  difficulty  ha«  been  overcame  no  pro^w 
can  be  made  in  this  direction. 
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Afi  regards  the  treatment  of  snake-bite  other  than  by  an ti- venomous 
serums,  little  or  nothing  can  be  done  beyond  keeping  the  patient  quiet  and 
icarfn.  Small  doses  of  alcohol  may  ito  doubt  be  beneficial  as  a  stimulant, 
but  this  end  can  be  more  effectually  gained  by  ammonia  or  strychnine, 
and  the  employment  of  enormous  doses  of  alcohol  cannot  receive  too 
strong  a  condemnation.  Major  L.  Kogers  has  recommended  the  use  of 
adrenalin  chloride  in  cases  of  bites  from  daboia  and  those  snakes  the 
poisons  of  which  have  a  nmrked  paralytic  action  on  the  vasomotor  centre. 
Oil  physiological  grounds  this  drug  should  no  doubt  be  of  service  in  these 
cases.     We  are  not  aware  that  it  has  ever  been  used  in  practice. 

To  exhaust  the  patient  when  in  the  lethargic  stage  by  walking  him 
about  incessantly  cannot  but  be  detrimental  to  his  chances  of  recovery. 

In  conclusion,  we  have  again  to  impress  upon  all  who  are  called  on  to 
treat  cases  of  snake-bite  that  every  endeavour  must  be  made  to  prevent 
absorption.  An  efficient  ligature  should  be  applied  at  once ;  then  free 
dissection  around  the  punctures,  especially  in  the  direction  of  the  lymph 
and  venoms  return,  should  be  practised,  the  wound  being  swabbed  out 
with  a  strong  solution  of  permanganate  of  potassium.  These  measures 
can  usually  be  undertaken  immediately,  and  in  the  present  state  of  serum- 
therapeutics  against  snake-venoms  more  reliance  should  be  placed  on  this 
local  treatment  than  upon  the  injection  of  any  anti-venomous  serum. 

C.  J.  Martin. 
George  Lamb. 
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Journ.   of  Phif»lol.    vol.    xiii. — 30.    Kilvington.     **A   Preliminary  CommimicatM 
on  the  Changes  in  Nerve-Cells  after  Poisoning  with  the  Venom  of  the  AiutnliiE 
Tiger-Snike,"   Journ.  of  Physiol.    1902,   vol.    xxviii.    p.   426.— 31.    Kyes.     "Telf 
(lie   Wirkungsweise   des  Cobra-Giftcs,"   Berl.    klin.    Wochschr.    1902,    No*.  58  ■»! 
30.-    32.   Itkm.     "Ueber  die   Isolirung  von  Schlangengift-Lecithiden,"  BerL  lU. 
Wochschr.   1903,  Nos.  42  and  43.-33.  Idem.     "  Lecithin  und  SchlangenagifU,"  Hoif- 
Seylcr's  /icUschrift  filr physiolog.  Clicin.  1904,  Band  xli.  p.  273. — 34.  IdenL  •*Cobraflft 
untl  Antitoxin,"  y?er/.  klin.  Wochenschr.  1904,  No.  19. — 35.  Ktes  and  Sachs.    **Zur 
Kcnntniss  der  Cobragift  activerendenSubstanzen,"j5<?rZ.  kliiu  Wocfisdtr.  1903,No&  24. 
36.  Lamb.     "On    the  Precipitin  of  Cobra-Venom, "  Xance^,  Aug.  16,  1902,  and A^-rL 
2,  1904.— 37.  Idem.     "On  tlio  Serum  Therai)eutics  of  Cases  of  Snake-Bite,"  U^'^ 
Nov.   5,  1904. — 38.  Idem.      "On  the  Action  of  the  Venoms    of   the  Cobra  {S*}^ 
trlpudidii^)  and  of  the  Daboia  {Uaboia  russellii)  on  the  Kim!  Blood-Corpuscles  and  ot 
the  Blood  Plasma,"  Sdentijic  Memoirs  by  OJicers  of  the  Medical  ami  Sanitary  Drytri 
incnts  of  the    Government  of  India,  New  Series,   1903,  No.   4. — 39.   Idem,     **Si«* 
Observations  on  the  Poison  of  the  Banded  Krait  {Biinyarus  fa»riat ax),"*  ibii.  X.>. 
No.   7,   1901,   p.    1.— 40.  Idem.      "Specificity   of  Anti- Venomous   Sera,"  ibid.  Kit 
No.  t*,  li)03  ;  No.  10,  1904  ;  No.  16,  1905.— 41.  Idem.     "  Snake- Venoms  in  RfUiii 
to   Hjemolysis,"  ihid.    N.S.    No.    17,    1905. — 42.   Lamb   and    Han'xa.      "A  Ca** '^ 
Cobra- Poisoning  treatt^l  ^vitll  Calmette's  Antiveniue,"  Lat^cet,  1901,  vol.  i.  p.  :i.'«. 
43.  Idem.     "Standardisation  of  Calmette's  Anti- Venomous  Senim  with  Pure  0^1'- 
Vcnoni :  th(5  D.;terioration  of  this  Serum  through  keeping  in  India,"  Scientific  M'^'-" 
h)f  Ojicrrs  of  the  Meilical  and  Sanitary  Departments  of  the  Government  of  ludiii.  NJ>- 
No.  1,  1902. — 41.  Idem.    "Some  Observations  on  the  Poison  of  Russell's  VifK^r."  v'W 
N.S.  No.  3,  1903. — 45.  Lamb  and  Hunter.     "On  the  Action  of  Venoms  of  Differt: 
SpeLi<is  of  Poisonous  Snakes  on  the  Nervous  System,"  Laneet,    1904,  Jan.  2,  A.: 
2:),   Oct.    22,  and    1905,   Sept.   23.-46.    Martin,   C.  J.       "On    Some    Effects  n;.» 
tho   Blood    produced   by   the  Venom   of    the  Australian   Black   Snake,'*  yt/»<r«    / 
Physiol,  vol.  XV.  1S93. — 47.   Idem.      "On   the   Physiological  Action  of  the   WtJE. 
t)f  the  Australian  Black  Snake,"  Proc.  Roy.  Soc.  A.S.jr.  1895. — 48.   Ideitu     **S*:''- 
cutaneous  and   Intraveuous   Injection   of  the  Venoms  of  Australian  Snakes."  P' 
Roy.    Soc.    y.S.Jr.    1896,    Aug.    5.-49.    Idem.      "Curative   Value    of  CalniKt- • 
Auti-Vouoinous  Serum  in  the  Treatment  of  Inoculations  with  the  Poisons  of  Aui5tT»:i»t 
Snakos,"  In/crroloniul  Med.  Journ.  of  Austrnkisia,  Auxj.  20,  1897,   April  20,  l??*"- 
'>0.   Iilon.     "  Further  Observaiious  concerning  the  Relation  of  the  Toxin  and  At-' 
toxin  of  Snake- Venom."  Proc.  Roy.  Soc.  Lo^ndon,  vol.  Ixiv.  p.  88. — 51.    Man.     **P'' 
(Joutril>ution  of  Exj>eriinents  with  Snake-Venoms  to  the  Development  of  our  Ki>'* 
lodge  of  Inuiiunity,  "  Brit.  Med.  Journ.  1904,  vol.  ii.  p.  574. — 52.  Idem.    **0b.>€rv4ti.'B- 
upon    Fibrin- Fcrm.'uts  in  the  Venoms  of  Snakes  and  the  Time -Relations  of  tki' 
A«;tiou,'\Awrrt.  ofPhy.nol.  1905,  vol.  xxxii.  p.  207. — 53.  Mautin  and  Cherry.     "T- 
Naturo  of  the  Antagonism  between  Toxins  and  Antitoxins,  Proc.  Roy.  Soe^  7..«k^'» 
1898,  vol.  Ixiii.  \k  420.— f)!.   Martin,  C.  J.,  and  J.  M.  Smith.      "On  the  VeiH.n;   ' 
the    Australian    Black    Snake,"    Proc.    Rot/.    Soc.    X.S.ir.    1S92.— 55.     M*FitL^M 
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Some  luvestigations  upon  Antivenine,"  Jourti.  Anicr.  Mnl.  Assoc.  1901,  ii.  )►.  151<7. 
■56.  Idchu  "The  ProKress  of  Knowledge  concerning  Venom  and  Antivenine  (a 
.-noptical  review  of  the  literature  of  the  past  fifteen  years  up  to  1902),"  Phila.  Affil. 
fUiTH,  Feb.  15,  1902. — 57.  Mitchkll.  w.  **0n  the  Venom  of  the  Rattlesnake," 
miffisoii.  Contrib.  to  Knowledge^  vol.  -\ii. — 58.  Mitchell,  W.,  and  Reiohkut. 
Researohe.s  upon  the  Venoms  of  Poisonous  Serpents,"  Smithson,  Contrib.  to  Knoir* 
difr,  vol.  xxvi.  (This  contains  a  complete  bibliography  of  the  subject  up  to  188fi.) 
-59.  Nicholson.  Imlian  Sanh-.s.  Madras,  1874. — 60.  Nk^ollk  and  Catoi'Illaisi). 
Action  du  w^rum  antivcniineux  sur  le  venin  de  Heterometrus  Maurus,"  Compf. 
fnd.  Sac  de  hiol.  PariSy  vol.  Iviii.  1905,  p.  231. — 61.  Noc.  **Sur  quelques  proprii'tes 
hyMologiques  des  differents  venins  de  serpents,"  Ann.  de  VInst.  Pasteur j  Paris,  June 
904,  vol.  xviii. — 62.  Idem.  **  I*ropriett'8  bacteriolytiques  et  anticytasiques  du 
eniu  de  cobra,"  Ann.  de  VInst.  Pasteur,  1905,  vol.  xix.  p.  209. — 63.  NoorcHi. 
'The  Effects  of  Venom  upon  the  Blood-Corpuscles  of  Cold-Blooded  Animals,"  Vnir. 
VitMA.  Med.  Bull.  1903,  vol.  xvi.  \u  182. — 64.  Idein.  *' Antivenim*  Experiments  in 
delation  to  Immunity j"  Brit.  Med.  Joum,  Sept.  10,  1904,  p.  580.— 65.  Idem.  *'A 
itudyof  the  Protective  Action  of  Snake- Venom  upon  Bloo<l-Corj>usclea,"t/(/«r?i.  En'j)er. 
l/«rf.'l905,  vol.  vii.  ji.  191.— 66.  Phisalix  and  Beiitj:ani>.  "Attenuation  du  venin 
le  vipere  jwir  la  chalcur  et  va<:cination  du  cobaye  oontre  ce  venin,"  Compt.  rend. 
ieoil.  d.  Set.  Pan-Sy  1894,  cxviii.  6,  i).  288. — 67.  Idem.  "Sur  la  proijriete  auti- 
oxique  du  sang  des  animaux  vatrcrines  contre  le  venin  de  vijK^re,'  Compt.  rend. 
tend.  d.  Sei.  Pan's,  1894,  cxviii.  7,  p.  356. — 68.  Ragotzi.  "Ucber  die  Wirkung 
les  Giftes  der  Naja  trijmdians,"  Virehows  Arehiv.  Bd.  cxxii.  S.  232.-69.  Richakdh, 
.'ixrENT.  Ind.  Med.  Oaz.  1872,  vol.  vii.  p.  247  :  1880,  vol.  xv.  p.  309.-  70.  Rogkkh. 
*  On  the  Physiological  Action  of  the  Poison  of  the  Hydroi)hid{P,"  7V(x?.  Iloif.  Si>c.  lAwdua^ 
ol.  Ixxi.  i>.  481,  and  vol.  Ixxii.  p.  .305. — 71.  Idem.  "The  Physiological  Action  and 
intidotcs  of  Colubrine  and  Viy»erine  Snake- Venoms,"  Phil.  Trans.  Iloy.  Sue.  London^ 
904,  Series  B,  vol.  cxcvii.  i)p.  123-191. — 72.  Srorr.  "The  Influence- of  Co})ra- Venom 
>n  the  Proteid  Metabolism,  Proc.  Boy.  StK.  Lamlon^  Scries  B,  vol.  Ixxvi.  No.  B  508, 
I.  166. — 73.  Sf-Waf.l.  "Experiments  on  the  Preventive  IncKulation  of  Itallh'snake- 
iVnom,"  Joum.  of  Phi/s^iol.  vol.  viii. — 74.  Stephens  and  Mykiis.  "Test-'iulie 
leai^tious  between  Cobra-l*oison  and  its  Antitoxin,"  Bn'f.  M*d.  Jvuni.  1898,  v«>l.  i. 
».  620. — 75.  Idem.  "The  Action  of  Cobra- Poison  on  the  B1o«m1  :  a  Contribution  to 
he  Stud}'  of  l'a.«».sive  Immunity,"  Joiirn.  of  Pa  find,  and  Baetrrud.  1898,  vol.  v.  ]>.  279. 
—76.  Tn»sWELL.  "A  Preliminary  Note  on  the  Serum  -  Thernpy  (►f  Snake- Bite,'' 
4ustralasia7i  Med.  f!az.  Ai)ril  21,  1902. — 77.  Vollmeu.  "  I'eWr  die  Wirkung  des 
irillensi'hlangengiftes,"  Arch.  f.  expert inent.  Path.  v..  Phannakol.  B<i.  xxxi.  1893. 
'8.  Wall.  "Poisons  of  certain  Indian  Venomous  Snakes,"  Proc.  Boy.  Soe.  1881, 
rol.  xxxii.  1).  333. — 79.  Idem.  "Indian  Snake -Poi.sons,  their  Nature  and  Effect." 
S\'.  H.  Allen  ami  Co.,  London,  1883. — 80.  Wolfknden.  "On  the  Nature  and  Action 
)f  il.'*  Vrn«»m  of  Poisonous  Snakes,"  »/(?«r7».  of  Phnsutl.  vol.  vii. 
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PSOROSPERMOSIS 

By  VV.  Bulloch,  M.D. 

iS  name  psorospermosis  has  been  loosely  used  in  human  pathology  to 
lote  sporozoic  infections  other  than  those  caused  by  ha>mosporidia. 
e  name  was  originally  given  by  Johannes  M  tiller  (1841)  to  certain 
rmatozoa-like  bodies  found  in  cutaneous  diseases  in  fish  {^^tapa — the 
i).  These  bodies  were  afterwards  identified  with  parasitic  protozoii 
1  separated  as  a  distinct  group — the  myxos{)oridia — although  in  medical 
tings  the  word  psorosperm  has  been  retained  as  a  general  designation 
{Pathogenetic  sporozoa  not  infecting  the  blood-corpuscles.  Exchiding 
3e  hiemosporidia,  authentic  cases  of  sporozoic  infection  in  man  are 
y  rare,  the  parasites  belonging  mostly  to  the  coccidiidea,  while  one  or 
►  have  been  referred  to  the  sarcosporidia.  In  a  large  number  of  cases 
sorosperms  "  have  been  described  in  which  the  diagnosis  has  been  based 
Very  slender  foundations,  and  much  of  this  work  will   not  withsUmd 

test  of  time.     In  recent  years  a  great  increase  in  our  knowledge  has 
irred  in  reference  to  the  structure  and  life-history  of  the  sporozoa, 

it  is  remarkable  that  the  number  of  records  of  human  psorospermosis 
finishes  year  by  year.     As  the  general  structure  and  development  of 
aporozoa  are  dealt  with  on  p.  61,  it  will  be  sufficient  to  refer  to  the 
n.«n  cases  only. 

Coccidiosis.-  Unlike  what  obtains  in  several  other  vertebrates,  cases 
occidiosis  have  rarely  been  observed  in  man. 

Infection  with  Coccidium  cunicidi  (Rivolta)  (C.  omforme,  Eiineiia  4ied*r 
demann). — This  sporozoon  is  ordinarily  seen  in  the  ripe  sporont (oocyst) 
5e  in  the  liver  of  the  rablnt.  It  measures  'OliS-'OiO  mm.  long,  and 
S--028  mm.  wide,  and  is  of  oval  shape.  Originally  descril>ed  by 
ke  in  this  country,  it  was  afterwards  identified  by  Remak  (1845)  with 
psorospermije.  Discharged  from  the  body  the  sporonts  form  four  spores, 
h  of  which  coittains  two  sporozoites.  The  infection  of  the  rabbit  takes 
ce  by  the  ingestion  of  the  oocysts  or  the  spores  which  are  set  free  in 
^  stomach,  and  wander  from  the  ductus  choledochus  into  the  bile- 
cts,  where  they  penetrate  the  epithelium  and  multiply  by  fission 
tthizogony). 

Only  some  four  or  five  humait  cases  are  accepted  by  experienced  para- 
ologists  as  having  been   caused  by  this  parasite.      In  Gubler's  case, 
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obaerved  in  the  hopital  Beuujon  in  1858,  a  male,  aged  45,  suflered  "iili 
digestive  troubles  and  severe  aniemia.  The  liver  was  fonnd  omdl 
enlarged,  and  a  fluctuating  tumour,  diagnosed  aa  a  hydatid,  was  iiud» 
out  in  the  right  iobe.  At  the  autopsy  about  twenty  i;ystB  ffK 
foiinil,  one  attaining  a  diameter  of  1'2-15  cm.  The  uontents  were  CKMun 
and  contained  immense  numbers  of  oval  encysted  bodies  sup)MMeil  lo 
bo  the  ova  of  a  distomum,  but  regarded  by  Leuckart  as  true  coccijliL 
Leuckart  also  refers  to  a  case  by  Dressier  in  whicb  tiie  coccidioiii 
affected  the  liver,  and  to  a  case  of  Sattler's  in  which  the  prolifentcd 
epithelium  of  the  biliary  canals  was  invaded  by  coccidia.  In  Soeromet 
itig'a  collection  in  the  University  of  Giessen,  Peris  found  a  human  lii«r 
with  coccidia  in  the  bile  ducta.  In  1890,  Quarry  Silcock  <3S)  slievtd 
at  the  Pathological  Society  an  undoubted  case  of  infoctiuit  with  '.'. 
cunieuli.  The  patient,  a  female  aged  50,  had  suffered  for  six  weeks  fron 
pains  in  the  limbs,  nausea,  and  sickness.  There  wa^  tendemMB  of  the 
spleen  and  liver,  and  fever  existed  with  slight  daily  remissioiiB.  Pcuk 
occurred  from  cardiac  failure.  At  the  necropsy  the  liver  was  fuoiid 
to  weigh  83  oz.,  and  contained  a  number  of  caseous  foci,  especially  iwr 
the  surface.  Each  focus  had  a  welt -marked  inflammatory  uate-^* 
similar  state  of  affairs  also  existing  in  the  spleen,  which  wrighed  IG  m. 
Microscopically  the  nodules  consisted  of  masses  of  eg^  -  like  bodin 
with  granular  contents  and  well-defined  capsules.  By  cultivating  in 
water  in  a  warm  room  psorosperms  were  developed.  Amcingsi  lit 
doubtful  cases  are  those  published  by  Virchow,  who  found  iti  the  limr  <f 
an  old  woman  a  small  mass  fiUeii  with  oval  encysted  bodies.  PodwysioiU 
has  reported  four  cases  in  which  he  found  what  he  believed  was  a  pinait 
(fCnri/oiiU'ig'ts  Itominis)  in  the  nuclei  of  the  Hver-cellH.  J.  J.  Thomu  \m 
<li;scribed  the  occuirence  of  coccidia  in  a  \toi\j  formation  in  the  bnia 
The  lesion,  which  was  of  the  size  of  a  pea,  contained  in  its  inlcnv 
numerous  oval  l>odies,  some  of  which  shewed  granular  prutopUtnic 
contents. 

CnfjHdiwn  htmunis  (Rivolta  1878)  (C,  pfrfomne  LeUL-karL). — AhkoiQk 
regarded  by  some  as  identical  with  C.  runiculi,  this  eporozoon  is  penenlh 
held  to  be  distinct  because  its  cysts  are  smaller,  measuring  '024*035  nn 
by  '01 28- '020  mm.,  and  because  sporoblastic  formation  occurs  eKrlicr  tfcu 
it  does  in  C.  atMculi.  It  is  found  most  commonly  in  the  intestinal  e]HilieBiiB 
of  the  rabbit,  in  which  animal  it  caiises  rapid  death  from  severe  diarrink. 

In  two  human  cadavers  Eimer  found  coccidia  in  the  inUs^ 
epithelium.  Itaillet  and  Lucet  found  coccidia  in  the  fseces  of  a  vonu 
and  her  child.  Rivolta  and  Gnissi  have  also  describe*!  coccidia  fran  tbt 
stools  of  children  and  adidts. 

('occidium  bitjeminnm  Stiles  1891.— This  paiasite,  found  in  the  uriMtiDii 
villi  of  dogs  and  cats,  is  distinguished  apart  from  its  small  size  (Il-l^ 
H  «  T-10  n)  by  the  fact  that  the  oocysts  are  always  divided  into  tn 
masses,  each  of  which  encysts  and  forms  spores.  According  to  BUntiuJ 
and  Braun,  the  parasite  found  by  Kjellberg  is  referable  to  this  cpecin 
and  possibly  the  case  described  by  Gnmow  (Braun). 
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Eiinerui  Iwminis. — ^Under  this  name  R.  Blanchard  (1895)  described 
certain  bodies  which  were  found  by  Kiinstler  and  Pitres  in  fluid  aspirated 
from  the  chest  of  a  man  employed  in  steamboats  trading  between  Bor- 
deaux and  Senegal.  The  bodies  in  question  were  large  and  contained 
10-20  merozoites. 

Conditions  that  have  been  described  as  Psorospermosis 

Peculiar  bodies,  referred  by  Rixford  and  Gilchrist  to  the  protozoa, 
have  been  described  by  these  authors  under  the  names  Coccidioides  immiiis 
and  C.  pyogenes  (p.  114).  The  afiection  in  which  they  were  found  was 
first  observed  by  Wernicke  and  Possadas  in  Buenos  Ayres,  and  was  dia- 
gnosed as  mycosis  fungoides.  The  parasites  were  rounded,  and  measured 
•003 -'03  mm.,  and  were  contained  in  giant-cells  which  could  be  seen  in 
the  granulation-tissue  of  the  tumour-like  masses.  Eight  similar  case» — all 
fatal  —  were  observed  in  the  United  States  by  Rixford  and  Gilchrist, 
Montgomery,  Moffit,  and  Ophtils.  In  one  case  there  was  a  chronic  nodular 
skin  disease  lasting  eight  years.  Nodules  were  also  found  in  the  lung, 
Kver,  kidney,  genitals,  and  lymphatic  glands.  Ophiils  considers  the  proto- 
xoon-like  parasite  to  be  a  pathogenetic  fungus. 

In  a  number  of  other  diseases  "  bodies  "  have  been  found  which  have 
heen  variously  interpreted  as  psorosperms,  coccidia,  or  as  cell-degenera- 
tions ;  but  in  recent  years  the  last  view  has  met  with  most  acceptance. 
Oval  *'  parasites  "  found  in  epithelioma  contagiosum  of  fowls  and  mollus- 
cum  contagiosum  of  man  have  been  shewn  to  have  no  causal  relation  to 
these  diseases  since  Sticker  and  Marx  and  Juliusberg  found  that  the 
infectious  agents  of  these  diseases  pass  through  bacterial  filters.  Psoro- 
sperms have  also  been  described  in  Paget's  disease  of  the  nipple  by  Wick- 
ham,  Darier,  and  others,  and  in  psorospermosis  follicularis  vegetans  or 
Darier's  disease.  Darier  himself,  however,  has  withdrawn  the  interpreta- 
tion he  formerly  placed  upon  the  bodies  in  question,  and  the  name  of 
psorospermosis  for  these  conditions  must  be  regarded  as  a  misnomer,  as 
it  is  now  universally  accepted  that  the  so-called  "parasites"  are  cell- 
degenerations  only.  [For  a  discussion  on  the  so-called  coccidia  of  cancer, 
see  Vol.  I.  p.  625.] 

Ureteritis  cystica, — In  chronic  inflammatory  conditions  of  the  pelvis  of 
the  kidney  a  cystic  condition  of  the  ureters  may  develop  (Rayer, 
Rokitansky,  Civiale).  The  cysts,  which  vary  in  size,  may  contain  a  watery 
or  colloid  material,  in  which  are  found  round  or  oval  bodies  varying  con- 
siderably in  size.  The  exact  nature  of  these  bodies  is  not  known,  for 
whereas  Eve,  Pisenti,  and  Bland-Sutton  regarded  them  as  coccidia,  and 
V.  Kahlden  referred  them  to  the  myxosporidia,  Lubarsch,  Aschoff',  and  most 
recent  writers  consider  them  to  be  cell-degenerations  wliich  have  taken 
place  in  epithelial  masses  (v.  Brunn's  epithelial  nests)  which  occur  in 
the  normal  ureter. 

The  exact  diagnosis  of  coccidia  is  not  always  easy,  and  mistakes  have 
been  frequently  made  by  those  who  have  no  special  knowledge  of  proto- 


zoology.  The  most  fruquent,  errui-s  have  been  in  regatxling  degetioUol 
cells  ftB  pstirosperms  or  in  mistaking  the  uva  of  trematodes for  them. Mm 
a  preliminary  commonicalion  publiafaed  \>j  Drs.  FinUysoD  and  Catto^  Ht 
"  coccidi^  "  there  described  being  ultimately  shevm  by  Cstto  to  be  the  on 
of  a  new  trematode  {SchisiosoJmcin  japoiiinim  or  S.  aittin).  Coaimeiiung  u* 
this  mistake,  the  eminent  helminthologist  Looas  remarks  somewhat  wverely 
Imt  significantly  that "  it  ia  not  the  lirat  time  that  trematode  ura  h»\f 
Iwen  mistaken  for  coccidia— and  it  will  probably  not  be  the  Iiiat." 

Saroosporidiosls. — As  Miescher's  tubes  {p.  103)  in  the  moiise  «u>t » 
Rainey's  corpuscles  in  the  pig,  sarcosporidia  infect  the  voIuiitAr>'  mmcln 
of  the  lower  animals  in  the  form  of  elongated  tube-like  bodiea  filled  'ilt 
sporozoites. 

Gases  of  sarcosporidiosi»^  in  man  are  extremely  rare.  Apul  (ma 
doubtful  cases  by  Lindemann  awA  by  Rosenberg,  a  genuine  case  ms  tnl 
olwurved  by  Koch  in  Egypt.  In  the  same  locality  Kartulis  found  iii«ii 
in  the  muscles  of  a  Sudanese,  dead  from  multiple  abscesses  of  the  IItct 
and  muscles.  Another  undoubted  case  has  been  reported  by  Banbni 
and  St.  Kemy  in  the  muscular  fibres  of  the  vocal  corda,  the  p>n«l« 
tubes  being  filled  with  numerous  pseudonavicollie.  The  panuiu  WM 
probably  5ur«H'_v«(w  lindrmunm  Rivolta.  Vuillemiu  has  also  repodfil* 
geruiine  ease  caused  by  Sareoct/sHs  U^elltt  Raillet. 

W.  BlTLUiUL 
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I5y  Sir  Patrick  Masson,  K.C.M.G.,  M.D.,  LL.D.,  F.R.S.,  and 
A.  E.  Shipley,  M.A.,  Hon.  D.Sc.  rrinccton,  F.k.S. 

Bilharziasis;  }»y  F.  M.  Sandwtth,  M.D.,  F.R.C.T. 

TllE  great  majority  of  tlie  larger  entozoa,  for  the  most  part  visible  to  the 
naked  eye,  which  infest  mankind  belong  to  the  two  phyla,  Platyhelminthes 
and  Nematoda,  but  the  groups  Acanthocephalu,  Pentastomida,  and 
Hirudinea  are  also  represented. 

Platyhelminthes  or  Flat-worms  have  leaf-like  or  ^and-like  bilaterally 
symmetrical  bodies,  either  without  alimentary  canal  or  mouth,  or  with 
a  mouth  and  intestine,  which  is  usually  forked.  There  is  no  body-cavity 
and  the  l)ody  is  solid.  No  circulatory  or  specialised  breathing  organs 
ej(ist.  The  excretory  organs  are  of  the  so-called  water  vascular  type. 
Hooks  and  suckers  are  often  present.  The  Platyhelminthes  are — witii 
rare  exceptions — bisexual ;  the  generative  organs  are  complex,  a  dis- 
tinct ovary  (or  germarium)  and  yolk -gland  (or  vitellarium)  are  found. 
The  male  and  female  reproductive  pores  are  usually  close  behind  one 
another,  often  in  a  common  genital  sinus.  The  reproduction  is  usually 
sexual,  but  may  be  complicated  by  budding. 

Nemathelminthes  or  Round-worms  are  mostly  thread-  or  spindle- 
shaped.  They  vary  greatly  in  size,  and  are  covered  by  a  thick  cuticle 
which  is  sometimes  ringed.  The  mouth  is  terminal,  the  anus  sub- 
terminal,  the  alimentary  canal  is  straight.  No  s{)eciali8ed  circulatory 
or  respiratory  systems  exist,  but  the  spacious  body -cavity  contains  a 
corpusculated  fluid.  The  chief  nerve-cords,  which  arise  from  a  circumoial 
ring,  run  dorsally  and  ventrally.  The  muscles  which  largely  comix)se 
the  body- wall,  the  excretory  system  of  two  long  tubes  uniting  to  op<jn  at 
H  common,  anterior  pore,  and  the  epidermis  are  all  characteristic.  The 
males  usually  have  their  Uiil  curled  round  or  are  provided  with  a  genital 
bursa  or  bell.  The  vas  deferens  opens  with  the  anus  ;  the  oviduct  ojiens 
on  the  ventr<d  side  often  about  one-third  the  body  length  from  the 
anterior  end.  Reproduction  is  always  sexual,  but  the  individuals  may 
be  bisexual,  hermaphrodite,  or  {wrthenogenetic. 

Of  the  Platyhelminthes  two  classes  arc  found  parasitic  in  man— 
1st,  Ckstoda,    or   tapeworms;    2nd,   Trkmatoda,   or   flukes.      Of   the 
Nemathelminthes  only  one  class  is  at  all  common,  namely,  Nkmatoda, 
or  thread-worms,  but  the  Acanthockphala  are  represented. 
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The  following  list  of  species,  arranged  in  accordance  with  this  cUj 
iication,  embraces  all  the  more  important  and  well-authenticated  vor 
which,  up  to  the  present,  have  been  found  parasitic  in  man  : — 


WORMS 

(Arrau<^ed  alphabetically  under  their  Families; 


PLAT7HELMINTHES. 

Cestoda. 

Family — Dibothriocephalid.k. 
Dibothriocephalus     cordatus     {\* 

847). 
Dibothriocephahis  latus  (p.  845). 
Diplogononorus  grandis  (p.  849). 
Pleroceroiaes  j>rolifer  (p.  849). 
Spargdniiin  manHoni  (p.  847). 

Fainily — T.isN  11 1)  js. 
Davainea      madagascaiiensis     (p. 

844). 
Dipylidium  caninum  (p   844). 
Hymenolopis  diminuta  (p.  843). 
liymeiiolepis  lanceolata  (p.  84:^. 
Hymenolepis  nana  (p.  842). 
Taenia  africana  (p.  841). 
Tienia  confusa  (p.  842). 
Tienia  ochinococcus  (p.  976). 
Taenia  saginat«  (p   834). 
Taenia  solium  (p.  837). 

Trematoda. 

Family — F  Ast :  i  o  i.i  1  >  jl 
Coty  logon  inius     heterojihyes     (i>. 

859). 
Dicroccvliuni  lancoatum  (p.  856). 
Fasciola  hepatica  (p.  853). 
Fasciolopsis  buski  (p.  855). 
Fasciolopsiis  rathouisi  (p.  856). 
Opistliorcliis  felineus  (p.  859). 
Opisthorchis  noverca  (p.  857). 
Opisthorchis  sinensis  (p.  858). 
Paragonimus  westeniiani  (p.  860'. 

Family —  Pak  a  M  th  i  siom  i  djk, 
CLulorchis  watsoni  (p.  862). 
GastrodiHcus  lioniinis  (p.  862). 

Family — ScH  isto.som  iDJi. 
Schistosouium     hfematobium     i\). 

863). 
Schistosonuun  japonicum  (p.  8S1). 

NEMATHELMIKTHES. 

Nematoda. 

/'(n7ni/7/— ANOiosTOMiDiK. 
Strorigyloides  stereoralis  (p.  ^Wl). 

Family  —A  s g i'  I  MX li  i>.k. 
Rhabditis  niellyi  (p.  919). 
Rhabditis  pellio  (p.  920). 

Fam  ily  -  A  s( '  a  1 1 1 D  ^E . 
Ascaris  eaui.s  (]>.  889). 
Ascaris  lunibricoides  (p.  88.'»). 


NEMATHELMINTHES 
Nematoda. 


^oHlift**'*^ 


Fa  mily—  A.si  \\  11 1  n  jl 

Ascaris  maritima  1  p.  890  . 
Oxyuris  vemiieularis  (p.  890 . 

Faviily—Yi  i.a  u  i  ii.is. 

Filaria  bancrofti  ^p.  933  . 
Filaria  conjum-tiva?  (|i.  920  . 
Filaria  deman|uayi  (p.  961). 
Filaria  equina  (p.  921  ;>. 
Filaria  hominis  ori.s  \\*.  921  . 
Filaria  kiliniarae  (p.  921 1. 
Filaria  labialis  (p.  92 r>. 
Filaria  loa  (p.  929). 
Filaria  magalb^e^i  ^p.  951) 
Filaria  medinensis  (p   921  . 
Filaria  ecu  li  humani  (p.  i'Jl  . 
Filaria  ))erstan8  (p.  932 
Filaria  powelli  (p.  9:»2\ 
Filaria  restiformis  (p.  921). 
Filaria  ronianoruui   orienUli> 

(p.  921). 
Filaria  volvulus  (p   952 1. 

Family — Gnatiiostdmiujl 
Gnathostonia  sianiense  (p.  9^ . 

Family  — Stkoxgyli  i».fL 

Ankylostoma  duodeoale  (p  ^96 
Rustrongylus  gigas  (p.  S*X\). 
Necator  americanus  (p.  8991 
(Eftophaffostomum  bruiupti({i.90 
Strongylus  apri  (p.  894  l 
Strongylus  subtilis  (p.  K94). 
Triodontophonis     deniinuro» 
905). 

Family—TKicmrniArHEiAhM. 
Trichocephalus  tricliiuni.s  1,11.  *' 
Trichinella  spiralis  (p.  909}. 

Acanthocephala. 

Echinorhynchus  huniini^  .p.  !^I 
Kchinorhyuchus    uinuiliforniu^ 

957). 
( Jigantorhynchus  gigai*   p.  957  . 

Pentastomida. 

Family — Li  N(;i:ATr  uux. 
Linguatula  rhinaria  (p.  95-^  . 

Family-  -Po  rweph  Ai.i  VM. 

Porocephalus  constrict  us   v.  ?•*•* 

Hirudinea. 

Ilwrnadipsa  ceylouica  ^p.  9.*>9  . 
Lininatis  nilotica  (p.  959V 
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In    the    following   pages   all   the    important   Platyhelminthine   and 
Nemathelminthine  parasites  of  man  ape  mentioned.     Certain  doubtful 
cases  such   as   Tcmia  serrata  (Goeze),  Daminea  (?)  asiatica  (v.  Lin.),  or 
FUaria  immitis  (Leidy),  F.  gigas  and  F.  ozzardi  (Manson),  have  been  omitted, 
as    the    evidence    is   at   present  insufficient    to    justify  their  inclusion, 
but    with    these    exceptions    our    list    is    complete.       Many   forms    are 
iucluded  which    have    only  been    recorded    once    or  twice,  and   about 
which  very   little    is    known,   but    it    is   precisely    about    these    forms 
that  we   want  more   information,  and   they  are   worth  drawing  atten- 
tion  to  for  this  reason   alone.     Within  the  limits   of  this  work  it  is 
impossible  to  go  deeply  into  anatomical  detail,  but  more  can  be  found  in 
the  systematic  treatises  on  the  subject,  among  which  may  be  mentioned, 
"  Die  thierischen  Parasiten  des  Menschen,"  by  Max  Braun,  Wiirzburg, 
1 003  ^ ;  and  "  Von  Wiirmern  und  Anthropoden  hervorgerufene  Erkran- 
kungen,"  by  A.   Looss  in  the  Handlmch  der   Tropenkranheiien,   Band   i. 
Leipzig,    1905.      The  names  of  others  will   be    found    in    the    list   of 
references.     We  mention  these  two  as  we  have  used  them  largely  both 
for  synon3rmy  and  for  the  bibliography. 


Phylum  L— Platyhelminthes 

Class  L — Cestoda 

The  cestodes  or  tapeworms  are  long,  flat,  white,  ribbon-like  organisms 
which,  in  their  mature  form,  inhabit  the  alimentary  canal  of  most 
vertebrates. 

Each  worm,  anatomically  speaking,  is  divisible  into  a  head  and  neck — 
scolex — and,  springing  from  the  latter,  a  single  file  of  joints  or  segments — 
proglottides 'y  together  these  constitute  the  body  or  strobiia.  The  head  is 
usually  provided  with  two  or  four  strong  muscular  discs  or  suckers^  and, 
In  many  species,  arranged  around  a  beak  or  rostellum,  one  or  more  circles 
of  chitinous  hooklets.  These,  the  suckers  and  booklets,  serve  to  attach 
the  parasite  to  the  mucous  membrane  of  the  alimentary  canal  of  the 
host. 

The  head  is  minute,  being,  as  a  rule,  just  discernible  with  the  naked 
eye  at  the  free  end  of  the  narrowest  or  foremost  part  of  the  worm. 
Tracing  backwards  from  the  head  or  scolex,  and  originating  usually  from 
its  posterior  part  by  a  process  of  serial  budding,  we  first  come  to  minute 
immature  proglottides.  As  we  proceed  backwards  the  proglottides 
become  more  distinctly  differentiated,  increase  in  size,  and  shew  more 
and  more  evidences  of  progress  towards  maturity.  Finally,  about  half 
way  along  the  body  and  long  before  we  arrive  at  the  last  elen^ents  of  the 
chain,  we  find  that  the  proglottides  are  sexually  mature,  each  proglottis 
possessing  elaborate  male  and  female  organs  of  reproduction.  Fertilisation 
takes  place  between  these  mature  proglottides,  and  the  utenis  soon 
becomes   packed   with    eggs,  which  speedily   secrete   an    egg-shell   and 

^  Englitth  translation.     London  :  John  Bale.  Sons,  and  Donielsaon,  Ltd.,  1906. 
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develop  into  minute  embryos.  A  tapeworm  may,  therefore,  be  K^juikd 
aa  a  colony,  and  each  individual  proglottis  as  an  animal  complete  in  itielf 
or  it  may  be  looked  on  as  a  eegmented  animal,  each  proglottis  repreaou 
ing  a  single  and  largely  independent  segment. 

The  proglottides  contain  no  organs  of  digestion,  nutrition  being  effecud 
by  absorption  from  the  alimentary  juices  of  the  boat.  Excretion  i«  canioj 
on  by  an  elaborate  water  vascular  system. 

The  male  organs  of  generation  consist  of  testis,  vms  deferaos,  ud 
cirrus  (ppnis) ;  the  female  of  ovary,  yolk-gland,  sbell-glaiid,  utem. 
receptaculum  seminis,  and  vagina.     The  vagina  and  vas  deferens  unuDf 


open  into  a  common  genital  sinus,  which,  in  its  turn,  opens  pxtemllf 
either  on  the  venti'al  surface,  or  laterally  usually  alternating  on  the  ri^t 
or  left  margin  of  the  proglottides  (Pig.  116).  In  some  species  the  mil' 
and  female  fienit^il  pores  are  separated. 

When  the  ova  have  arrived  at  maturity  the  proglottides  containisf 
thom  breuk  off  in  ones  or  twos,  or  in  strings,  and  pass  out  of  the  bodj** 
the  host  either  by  their  own  projier  movements  or,  more  usually,  «* 
expelled  with  the  fa;ces.  They  are  easily  recognised  as  wliite,  oblong,  of 
wquare  bodies  which  induljre  in  movements  more  or  less  active.  TTi*  on 
they  contain  are  either  expelled  through  a  special  pore  or  escape  on  th* 
decay  or  nipture  of  tlie  proglottides,  or  they  may  not  be  set  free  nnti! 
tlie  proglottides  are  swallowed  and  digested  by  some  animal. 
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As  a  iiile,  in  most  species  at  this  stage,  the  egg  has  developed  into  the 
embiyo — now  enclosed  in  a  thick  shell  of  its  own,  the  yolk  having  been 
nbsorbed  at  an  earlier  stage  of  intra-uterine  life.  In  &  few  species  at 
the  time  of  its  birth  the  embryo  is  still  undeveloped.  In  the  former  the 
differentiated  embryos  are  ready  to  enter  the  body  of  their  intermediate 
boat ;  in  the  latter,  before  they  reach  tbis  stage,  the  ova  have  to  pass  a 
certain  time  in  water  or  in  some  other  medium  during  which  the  embryo 
is  developing  in  preparation  for  this  migration. 

The  embryo  of  the  ceatodes,  called  an  Onchospkere,  is  provided  with 
Bii  liooklets  (hence  the  term  "  six-hooked  embryo "  or  "  hexacanth ") 
arranged  in  pairs  at  one  pole  of  its  spherical  body.  On  arrival  in  the 
alimentary  canal  of  ita  intermediate  host,  the  shell  in  which  the  embryo 
is  enclosed  is  dissolved,  or  in  other  cases  the  mantle  of  cilia  with  which  it 


in  invested  is  cast.  By  means  of  the  hooklete  it  then  works  and  bores  its 
wjiy  through  the  walls  of  the  gut  and  the  intervening  tissues  until  it 
arrives  at  the  liver,  lungs,  muscles,  brain,  connective  or  other  appropriate 
tissue.  The  six  hookleta  are  now  discartled,  and  from  the  pole  opposite 
to  that  occupied  by  these  booklets,  and  by  a  process  differing  in  detail 
according  to  species,  a  head  and  neck  (scolcx),  exactly  similar  to  that  of 
the  tapeworm  from  whicli  the  embrj-o  originally  emanated,  is  develoi>e(l. 

When  this  sU^e  is  completed  it  is  found  that  the  scolex  is  inverted 
within  a  large,  clear,  watery  bladder,— really  the  dropsical  body  of  the 
embryo ;  from  which,  when  the  circumstances  are  favourable,  it  can  he 
protruded.  This  is  called  a  cy$ticercux,  and  tapeworms  so  characterised 
are  classified  as  cyslici.  In  another  set  of  tapeworms  this  cyst  is  exceed- 
ingly minute  and  rudimentary  ;  such  are  classified  as  ci/slouUi.  In  a  third 
set  the  embryo  becomes  enormously  distended  by  a  clear  watery  fluid  ;  by 
m  sort  of  budding  process  from  the  inner  cellular  layer  of  the  wall  of  the 
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cyst  containing  this  fluid  a  number  of  subsidiary  brood-capsules  are  iormfii, 
the  inner  layer  of  which  gives  origin  to  tapeworm  scolices.  These  cy>u 
are  designated  eddnococcu  Yet  a  fourth  type  of  development  is  sopplied 
by  the  Dibothriocephalida'.  In  them  no  cyst  of  any  description  is  forattd ; 
the  embryo  or  pleroceirM^  as  it  is  called,  simply  enlarges  and  elonpuo. 
the  head  with  two  suctorial  grooves  being  formed  at  one  end.  In  the$f 
worms  the  immature  parasite  may  attain  considerable  length  in  Uie  intrr- 
mediate  host — several  inches  perhaps — and  resemble  in  many  respects  Um 
mature  tapeworm,  but  they  are  never  sexually  mature. 

Many  cestodes  at  this  stage  of  development  retain  for  years  thdr 
capacity  for  further  advance  if  transferred  to  the  stomach  of  the 
definitive  host ;  others  again  die  at  a  comparatively  early  date,  becoming 
withered  and  calcified.  On  transference  to  the  definitive  host  the  cystic 
structure  is  digested  off,  and  the  scolex,  by  means  of  hooks  and  suckers, 
anchors  itself  to  the  mucous  membrane  of  the  small  intestine  and  npidlj 
grows  into  a  mature  tapeworm. 

The  Cestoda  are  represented  in  man  by  two  families,  the  TitMmk 
and  the  Dihothriocephalidw.  The  former  have  four  suckers,  and  iisiullr 
a  single  or  double  row  of  booklets  on  a  rostellum.  In  them  the  etezual 
opening  is  marginal.  In  the  young  stage  they  are  CysticercL  Tiu 
Dibot/mocephalidcB  have  no  hooks,  and  only  two  slit-like  suckers,  and, ;« 
a  rule,  their  sexual  organs  open  on  the  surface  of  the  proglottides^  .V« 
already  explained,  in  their  immature  stage  they  produce  no  cyst,  but  lie 
f lee  or  lightly  encysted  in  the  tissues  of  the  intermediate  host  as  plero- 
cercoid  larvae. 

Practically  we  have  to  deal  with  only  three  species  of  tapeworm  as 
adult  inhabitants  of  the  human  alimentary  canal :  TsBnla  saginaU,  or 
the  beef -tape  worm ;  Tsenia  solium,  or  the  pork-tapeworm ;  and  Dlbothrio- 
cephalus  latus,  or  the  fish-tapeworm.  The  much  more  serious  larval 
forms  of  the  Tceriia  echiuococexis  are  dealt  with  in  the  article  on  **  Hvdaii«i 
Disease"  (p.  976).  Besides  these  a  number  of  other  cestodes  have  b<*n 
met  with  in  man  ;  and,  doubtless,  as  our  acquaintance  with  the  hebnin- 
thology  of  savage  and  semi-civilised  peoples  extends,  yet  others  will  ir 
added  to  the  list. 

Family  I.  Tseniidse 

i.  Tsenia  saginata  (Goeze),  1 782. — (Synonyms  :  71  solium  L.  1 767  (pit> 
parte),  T.  cucurbifiim  Palhis  1781  (pro  parte),  T.  inermis  Brera  li^O'i 
Moquin-Tandon  1860,  T.  dentatu  Nicolai  1830,  T.  lain  Pruner  1<S4:, 
Boihriocephalm  fropv'Ufi  Schmidtmiiller  1847,  T.  mediocaneUata  Kiicben- 
rneister  1855,  T.  dftacensis  Kiichenmeister  1855,  T.  tropica  Moquiin 
Taiulon  1860,  T.  {Oy>^fotcetm)  uiedioc^nieliafa  Leuckart  1863)  (Fig.  120),— 
T.  siKjiiuita  in  the  adult  state  lives  exclusively  in  the  alimentary  canal  »rf 
man.  This  is  one  of  the  commonest  and  most  widely  distributed  of  the 
human  tapeworms.     According  as  it  is  elongated  or  contracted,  it  meainmw 
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from  4  U>  (t  metres  in  length,'  and  is  composed  of  from  1200  to   KlUU 

proglottides.     The  more  mature  proglottides  Are  long  (16-20  mm.,  itnd 

3-7  mm.  broad) ;    those  about  the  middle 

of  the  worm  are  broad  (12-14  mm.) ;  those 

constituting   the    more    immature   portion 

gradually    taper   in    size    to    very    Harrow 

and    extremely  delicate  dimensions.      The 

pear-shaped  head  (Fig.  Vl\,  A  and  B)  (1-5-2 

mm.)  is  provided  with  four  powerful  suckers, 

but    has    neither    booklets    nor    rostellum. 

The  marginal  genital  pore  projects  mark- 
edly, and  leads  to  a   uterus  having,  many 

— twenty  to  thirty-five — lateral  dichotom- 

oualy  dividing   branches.      Tbe   contained 

eggs,  or  rather  shelled  embryos,  are  minute 

(003    to    0'04    by   002    to   003   mm.), 

slightly   oval  bodies.      The  shell  is   thick 

and  encloses  a  six-booked  embryo. 

Carefully     conducted     feeding     experi- 
ments have  conclusively  proved   that  the 

ox  acts  the  part  of  intermediate  host  to  T. 

aagiruUa.     The  cystic  stage  of  the  parasite 

known  as  Cyiticerais  bovu  (75  to  9  mm.  x 

6'5  mm.)  is  passed  in  the  muscles  of  this   . 

animal ;  more  rarely  in  the  liver  and  other 

viscera.      It  is  not  known  how   long  the 

cysticerci  retain  their  vitality,  several  years   i 

[vobably,   before   becoming  shrivelled  and 

undergoing   calcareous  changes ;    but  it  is 

known    that    when  man  consumes   raw  or 

imperfectly  cooked  beef  containing  living  cysticerc 
ill  his  intestine. 

Thus  it  comes  about  that  in  countries  in  which 
much  and  imperfectly  cooked  beef  is  eaten  this  tapi-- 
worm  is  very  prevalent ;  more  particularly  is  this  the 
case  where  the  cattle  are  badly  fed  and  teiifled,  and 
where  they  are  therefore  in  their  turn  much  exposed 

Fio.  ii«.-Bgg  of  rowia   ^  infection  by  tapeworm  ova.     Comparatively  nire 
•^•uoa  ( «  ni-Bit  100).    in    Western     Europe    and    the    United    States     of 

Rnvn  in  colour.    From      .„,-,■  ■       t.  r. 

Loom.'  Amenca,  J.  tKtgvuUit  is  common  m  Eastern  Europe, 

in    Asia,    Africa,  and  parts  of  South    America.      In 

many  districts  it  is  excessively  common.     In   Abyssinia,  for    example, 

'  BerBDger.FLTaail  rf.:ord»  a  >i]p»cliiieu  whkh  BtUiuwl  a  lenKth  of  74  nietreii !  Ill  this 
and  In  dmiLu'  iiiHtaniiei  of  appareuCly  abnomialty  loDg  tapewurriiH,  the  fragments  or  sevvrnl 
mitivulnalii  have  l>e«u  I'eginlni  an  brloii|(ltiK  to  one  aniiuHl. 

*  The  flgnrui  of  ova  dcscrilwl  lu  from  Looss  in  (liis  article  are  all  niH^iGed  to  tlir 
■ame  extent,  about  400  times  "nil  tlius  shew  the  relative  «iM  of  the  eggH  foiiD'l  in  hiiiiiiiu 


i,  T.  mginaUi  is  develojwd 
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nearly  every  native  entertains  one  or  more  of  these  unpleaaont  giiwa 
III  the  North-Wust  Provinces  of  India,  where  about  5  per  cent  (J  ibt 
cattle  are  affected  with  cyeticerci,  it  is  nearly  ae  prevalent, — a  condirioj 
entirely  attributable  to  the  filthy  habita  of  the  people,  their  carele«sD«« 
in  the  management  of  their  cattle  and  in  the  cooking  of  theit  iooi 


B,  rnlended  (  x  8).    Afwt  VmKkut. 


Hiiil  ihcir  peraoniil  iinclcanliness.  Of  late  years  this  tapeworm  b  ^ 
Ui  he  becoming  moi'e  common  in  the  south  of  Fnuice  in  eonseqiienM 
i)f  ilie  large  importation  of  Algerian  bullocks. 

Muiisly  beef  (Fig.  1:22),  that  is,  beef  affected  with  Cgsiieetrax  lonf. '» 
vaa'ily  i-ecognlsed.  Here  and  there,  scattered  throughout  the  miucb 
and  lying  lengthwise  between  the  fibres  are  to  lie  sfion  small,  ohkaf. 
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watery  cyels,  measuring  7'5  to  0  mm.  by  55  mm.  If  one  of  these 
cyste  is  shelled  out  and  exumined  with  a  lens,  the  invaginated  head  of  the  ■ 
immature  cestode  can  be  detected  in  its  inside.  By  placing  the  cyst  in 
warm  aalt  solution  the  head  becomes  evaginated  (Fig.  123),  and  is  seen  to 
be  attached  to  the  end  of  a  long  neck  Bpriuging  from  the  short  equator 
of  the  cyst.  Under  the  microscope  the  four  suckers  and  unarmed  head 
of  Ttntia  aaginala  are  readily  recognised. 

Cvslicercus  boeLi,  unlike  the  cysticereus  {C.  crllnlosic)  of  T.  solium,  u 
very  rare  in  man.  The  only  animals  besides  the  ox  in  which  it  has 
hitherto  been  found  are  the  goat  and  the  girafTa  Attempts  to  rear  the 
tapeworm  in  the  dog  have  failed.  It  is  said  to  hve  for  sonic  eight 
months  in  the  ox  at  least  before  it  begins  to  .  undergo  calcareous 
degeneration.     A  temperature  of  47°  or  48^  C.  alwiiys  kills  it. 

It  has  been  proved  that  from  the  time  the  cysticereus  is  swallowed  to 
the  appearance  of  proglottides  in  the  stools  about  sixtj'  days  must  ela|>sc. 
At  the  end  of  this  time  eight  or  twelve  or  more  proglottides  are  thrown 


off  daily  by  the  now  mature  worm  during  an  indefinite  number  of  yearn. 
The  proglottides  rarely  appear  in  the  stools  in  strings,  as  with  many  other 
tapeworms ;  they  are  usually  given  off  singly,  sometimes  passing  nut  of 
the  bowel  independently  of  the  act  of  defecation  and  by  their  own  proper 
locomotive  activity.  Thus,  besides  being  nearly  a  constant  feature  in  the 
stools,  they  may  creep  out  of  the  body,  and,  as  a  consequence,  ara 
frequently  found  in  the  patient's  clothes,  in  his  bed,  or  about  bis  room. 
During  their  wandei-ings  the  remarkable  elongations  and  shortenings  and 
muscular  contractions  of  the  proglottides  bring  about  the  expulsion  of 
the  eggs — very  commonly  from  a  rupture  in  the  fore  part  of  the  riterus. 
In  this  way  these  eggs  are  strewn  about,  and,  if  fortiuie  favour  them, 
are  appropriately  plac^  for  ingestion  by  the  ox. 

A  knowledge  of  the  facts  of  the  life-biatory  of  this,  as  of  all  other 
parasites,  is  of  extreme  importance,  as  indicating  with  precision  the  direc- 
tion that  prophylactic  measures  should  take. 

ii.  Tania  solium  I.,  pro  parte  1 767. — (Synonyms  :  Tania  cuearbitinn 
Pall.  1781,  T.  priUicidn  Goeze  1782.  T.  rulf/aris  Werner  1782,  7". 
dtiUiita,  Gmel,  1790,  IMijxis  soUvm  Zeder  1800,  T.  humami  unimUi 
Brera  1802,    T.    (Ci/slot<r,nuC)   solium   Leuck.   1862.) — This   tapeworm   is 


SjS 


SYSTEM  OF  MEDICINE 


(listingiuBbuble  from  the  foregoing  by  its  smaller  size,  averaging  (nn 


AOar  l.-iickin 

2-.1-5  metres  in  length,  but  especially  by  the  double  circle  of  twenty-t* 


hrcrort  rsn  T  kI    m  miboh  Plitlt7  — Riw  nngM 

n       rv  KT}       b*  cWfuL    fKG'uU 

>«  w  |ipc<M    run    r   «;    Vi  nnuliuatnvMnct 

ui  m  k  w  Fmn  l.nifkuluil 

t      tl  rtj  tv  ,         uly   twe  tysx     o  twenty-e  ght,  hooklete  which  «d 
roiintU  the  medinm- sized  roslelhtm  (Fig.  124).     The  spherical  head  (0 
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to  1  0  mm.)  carries  four  large  somewhat  prominent  suckers.     The  neck 

is  thread-like,  the  segments  very  gradually  increasing  in  size  up  to  about 

ihe  middle  of  the  worm,  where  they  measure  rather  under  8  mm.  in 

breadth.     The  proglottides  number  800  to  900.     Towards  the  free  end 

the  ripe  proglottides  (Fig.  1 25)  elongate  and  become  narrower,  measuring 

there  from   10  to  12  mm.  in  length  by  5  to  6  mm.  in  breadth.     The 

genital  pore  is  marginal  and  more  or  less  regularly 

alternate.     The  uterus  has  on  each  side  seven  to  ten 

lateral   branches,    which   divide    dendritically.      The 

eggs,   or  rather  embryos,   are  spherical  (0*03   mm.), 

and  have  a  firm,  thick,  brownish   shell.     The  worm 

lives  exclusively  in  the  small  intestine  of  man.     The   „     ,,„    „      ,^    . 

progiottides  as  they  become  ripe  are  discharged  singly      oo/ium  (x  about  4oo). 

or  in  chains  with  the  faeces  of  the  host,  and  in  this      {.^mLcZ'.  ""''''""• 

vay  the  ova,  while  still  in  the  proglottides,  or  after 

expulsion  from  them  during  their  slow  movements,  get  an  opportunity 

of  })eing  transferred  to  the  stomach  of  the  pig  or,  occasionally,  of  other 

animals,  including  man  himself. 

Arrived  in  the  stomach  of  a  veitebrate,  the  shell  enclosing  the  six- 
hooked  embryo  is  dissolved  by  the  gastric  juices.  Being  thus  liberated 
the  embryo  works  its  way  through  the  gut  and  into  the  viscera,  muscles, 
and  connective  tissue  of  the  intermediate  host.  The  connective  tissue 
between  the  muscular  fibres  seems  to  be  the  more  normal  and  usual 
destination  for  the  embryo,  but  it  may  come  to  rest  in  almost  any  organ. 
In  muscle  the  embryo  becomes  transformed  in  the  course  of  a  few  weeks 
into  a  clear,  elliptical  cyst  (usually  8-10  mm.  in  length),  the  CiisH^urcvs 
eelluloscB ;  its  long  axis  is  disposed  in  the  direction  of  the  muscular  fibres 
which  it  separates  (Fig.  129).  This  cyst  contains  the  spii-ally  rolled  and 
much- wrinkled  invaginated  cestode  head  which  in  hooks,  suckers,  rostellum, 
and  in  every  other  respect  resembles  the  scolex  of  Tccnw  solium  (Fig.  1 30). 
The  parasite  may  degenerate  at  an  early  age,  but  there  is  at  least  one 
recorded  case  in  which  a  living  cysticercus  located  in  the  eye  was  under 
observation  during  twenty  years. 

Pork  beset  with  these  cysticerci — the  long  and  well-known  Cysficercus 
ceUulosat — is  known  as  "measly  pork."  When  eaten  raw,  or  imperfectly 
cooked,  it  leads  in  man  to  the  development  of  T<enia  solivm  in  the 
intestine,  as  has  been  amply  proved  by  feeding  experiments.  It  is  a 
comparatively  rare  thing,  in  Europe  at  all  events,  to  find  more  than  one 
T(tnia  saginata  in  the  same  indindual  host ;  hence  this  tiipewomi  is  some- 
times called  the  ver  inolUaire,  It  is  otherwise  with  Tan  la  solium — two,  or 
many  more,  being  frequently  found  together. 

The  geographical  distribution  of  Ttrnia  solivm  corresponds  with  that 
of  the  pig;  its  greater  or  less  abundance  in  any  particular  district  or 
country  depending  on  the  way  the  swine  are  tended,  the  habits  of  the 
natives  as  regards  the  disposal  of  their  dejecta,  and  the  way  in  which 
they  prepare  their  poi-k  for  the  table.  In  3814  post-mortem  examina- 
tions in  North  Germany  the  mature  tapeworm  was  found  about  once  in 
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every  300  bodies,  In  South  Germany,  in  France,  in  Groat  Briuin,  w«l 
in  the  United  States,  it  is  by  no  means  so  frequeuL  Nat)tnUI,r  tke 
Cifstuxrcus  cellttlosa:  has  a  coireaponding  geograpbiual  distribution.  Aocuid 
ing  to  Leuckart,  in  Prussia,  in  1,736,G00  swine  examined  in  1876  on 
carcase  in  every  370  had  L't/sticerd  ctilulosir.  iVs  regards  man,  in  9TSJ 
post-mortem  examinations  of  human  bodies  in  various  Patholt^'cal  iMi 
lutes  in  North  Germany,  the  cysticercus  was  found  once  in  ovetj  T( 
bodies.  In  1869  T.  solium  was  as  common  in  Denmark  as  T.  MgmU^ 
now  it  hiks  almost  entirely  disappeared,  but  both  species  are  found  tvin 
as   often   in   women  as    in   men    (Kr^bbe).       In    Western  Europe  tUr 


3!,ll>l.: 


occurrence  is  not  nearly  so  common.  The  greatei-  fr(;i|nency  of  cystietra 
in  man,  as  compared  with  the  pig,  is  of  course  attribntiible  to  the  grMUf 
care  with  wliich  they  are  searched  for  in  the  former,  auil  U>  his  gre«tv 
age :  not  to  his  superior  susceptibility  or  greater  liability. 

In  consequence  of  the  liability  of  man  to  cysticercus  iofectioa 
his  swallowing  the  eggs  of  Ttrniii  solium  in  food  or  in  n-at«r.  or  hom 
introduction  by  soiled  hands,  or,  as  some  suggest,  by  a  sort  of 
infection  from  the  regurgitation  into  the  shimach  of  the  ripe  prpglottM 
of  the  tapeworm  during  ;in  act  of  vomiting,  or  in  other  ways;  nml  » 
consequence  of  the  fre<iUoncy  with  which  the  ('ffsiieeirus  cellularue  de' 
in  the  brain,  eye,  heart,  and  other  localities  (rarely  in  the  liver,  nwer  in 
the  bones),  it  becomes  an  object  of  considerable  pathological 
Cases  are  on  record  in  which  hundreds  and  even  thousands  of  cyslii 
were  found  in  the  various  organs.  Such  >rholesale  infection  is,  hownrtc; 
rare.  Strange  to  say.  the  parasite  seems  to  have  a  predilection  lor 
brain  and  eye,  and  in  not  a  few  instances  it  has  liecn  found  restnoMfl 
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56  organs.  In  the  brain  the  cysticerci  are  usually  found  in  the 
nbranes  or  in  the  cortex,  more  rarely  in  the  interior.  In  eighty-eight 
5S  collected  by  Kiichenmeister  they  were  found  forty-nine  times  in  the 
nbranes,  thirty-nine  times  in  the  cortex,  thirty-six  times  in  the  great 
glia,  nineteen  times  in  the  central  substance,  and  eighteen  times  in  the 
tricles.  Yon  Graefe  calculated  that  in  Berlin  ophthalmic  practice  the 
bice  reus  was  observed  in  the  eye  once  in  al)out  every  thousiind  cases. 
England  they  are  very  much  rarer.  Their  most  common  position  in 
eye  is  l)eneath  the  retina ;  about  half  as  frequently  they  are  found  in 

vitreous  humour ;  still  more  rarely  they  appear  in  the  anterior 
ml>er  and  elsewhere.  In  the  aqueous  and  vitreous  humours  the 
asite  is  free,  and  the  movements  of  the  head  and  neck  can  readilv  be 
le  out.  In  these  cases  it  is  probable  that  in  the  first  instanctj  tlie 
ticerci  were  developed  behind  the  retina,  or  in  the  iris,  and  that  after- 
ds  they  had  broken  loose. 

Cysticerci  developed  in  the  amchnoid  or  pia  mater  assume,  in  certain 
Ances,  a  peculiar  branched  ap}>earance  which  has  gained  for  them  the 
16  of  ()fsficcrcus  rar.enwsus  or  multilocularis,  a  name  very  apt  to  be 
understood.  In  this  situation  the  immature  i)anisite  may  grow  to 
reat  size  (8-25  cm.)  and  have  many  branches  and  diverticula.  The 
iiliar  form  of  this  variety  of  cysticercus  is  probably  attributable  to 

conditions  of  the  pressure  under  which  it  grows ;  conditions  which 
ear  to  regulate  the  size  and  shape  of  the  cyst  in  the  different  localities 
he  IxkIv,  wheresoever  it  chances  to  be  loc^ited.  In  the  ventricles  of 
hnxm  it  may  grow  to  be  as  big  as  a  pigeon's  egg. 
Occasionally  the  cysticerci  develop  under  the  cutis,  where  they  fomi 
Jl  tumours  the  size  of  a  peii.  The  concurrence  of  such  tumours,  or 
L  cysticercus  in  the  eye  with  cerebral  symptoms,  is  a  valuable  point  in 
srmining  the  diagnosis  of  obscure  brain  diseiise. 

Unless  removed  early,  cysticerci  in  the  eye  ultimately  lead  to 
bruction  of  the  organ,  and  perhaps  to  sympithetic  inflammation  of 
other  eye.     In  the  heart  they  may  give  rise  to  functional  irregularities, 

even  to  valvular  insufficiency.  In  the  lungs  they  may  produce 
imatic  affections.  In  the  brain,  particularly  when  located  in  the 
bral  ganglia,  or  when  they  press  upon  nerve  -  trunks,  motor  or 
lory  tracts,  or  centres,  they  may  give  rise  to  paralytic  or  epileptic 
ditions ;  when  on  the  surface  of  the  brain  they  are  usually  of  less 
nent 

A  form  once  described  as  Ttvnia  acanthotrias  is  known  in  the  cysticercus 
rp  only,  and  has  only  very  rarely  been  met  with.  It  was  first  described 
lie  muscles,  under  the  skin,  and  in  the  brain  of  a  white  woman  from 
ginia,  U.S.A.  In  appearance  it  resembled  the  cysticercus  of  Tania 
\im.  The  scolex  carried  from  forty -two  to  forty -eight  booklets, 
inged  in  a  triple  circle  round  the  rostellum.  It  is  now  usually  looked 
»n  as  an  aberrant  form  of  Cysticercus  cellulosa'j  and  therefore  a  larval 
n  of  T.  solium. 
iii  Tssnia  aMeana   v.    Linstow    1900.  —  This  tapeworm  is  about 
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1  ID.  in  length.     The  proglottides  are  throughout  broader  than  tb; 

;  long.  The  head  U  unarmed,  and  the  four  suckers  look  forward ;  tk 
short  neck  is  somewhat  broader  tlian  & 
head.  The  proglottides  number  aboai  SCO. 
and  the  last  is  T  mm.  long  by  12  to  13  ma. 
broad.  Genital  pore  lateral  and  iir^abitf 
alternate.  Test«i^  very  numerona,  lod  n 
deferens  much  coiled.  Ovary  paired,  Ui^ 
and  with  many  radiate  diverticula.  Uta> 
with  15  to  24  radiating  but  nut  tuaodiBf 
diverticula.  Egg-shell  thick,  ova  0-03U  h 
00338  mm.  across.  Two  examples  of  di 
worm  inhabited  a  native  soldier  near  Uki 
Nyassa.  The  life-hiatory  is  unknown,  but 
has  been  suggested  that  the  cysticercus  lii 
in  the  zebu  {Bw  hidirua),  whose  flesh  it  ufui 
eaten  raw  in  these  districte. 

iv.  Tienia  confusa  Ward  1896. —IV 
head  of  this  worm,  which  reaches  8*5 
length,  is  unknown.  The  proglottides, 
are  always  longer  than  broad,  are  700  to  fW 
in  number ;  the  terminal  is  35  mm.  loi^  br ' 
to  5  mm.  broad.  The  reproductive  pore  i< 
behind  the  middle  of  the  aegment  and  intft 
larly  alternate.  Testes  numerous,  but  ra 
deferens  not  much  coUed.  Ovary  psirei 
small,  each  half  rather  bean-shaped, 
with  14  to  18  short  unbranched  divertiddi 
Egg-shell  thick,  radially  striped,  egg  mei 
0-039  by  0-3  mm.  Only  two  examples  d  tki 
worm  are  recorded ;  these  were  paned  far 
nun  in  Lincoln,  Nebraska.  The  lifeJiiiiaT 
is  quite  unknown. 

V.  Tfenia  echlnoooccos  r.   Sieb.  l^^-- 
See  art.  on  "Hydatids"  (p.  976). 

vi.  Hymenolepls  nana  (v.  ^eb.)  1851- 
(Synonyms:  T.  nwiw  v.  Sieh  1852)  (imc  n 
Beneden  1867),  T.  aegypHaca  Bilhart  X&i, 
Diphiranlkm  w«»us  Weinld.  1858,  T.  {Hl»» 
lepif)  uoiin  Leuckart  1863)  (Hg.  1311-- 
(Irassi  r^ards  this  tapeworm  as  identiesl  *i>t 
Timia  muHiia  of  the  rat,  but  this  viev  i*  *^ 
universally  accepted.  As  a  human  paniiK' 
■  was  first  discovered  by Bilhara,  in  IS.SI.ia* 
ileum   of  an  Egj'ptian  boy.     It  is  (me  of  tk 

liilieat  of    the    tapeworms    infesting    man,    meaEuring    only  from  " 
1  ■",,  rarely  30  mm.  in  length,  by  Oit  to  0'7  mm.  in  brMdtJi.   *  J 
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Spherical  head  (0'3  mni.)  carries  four  suckem  and  a  very  prominent 
nMtellum — often  invaginated — snrronnded  by  a  single  circle  of  from  24  to 
28  or  30  minute  booklets,  only  0-014  to  0018  in  length.  ,  The  joints, 
which  are  short  and  broad,  number  from  ISO  to  170;  they  have  a 
marginal  genital  pore,  and  when  approaching  maturity  possess  thirty  or 
more  ova  (004  mm.),  containing  a  six-hooked  embryo  (0016  to  0019 
mm.)  enclosed  irt  two  thin,  clear,  and  widely 
MfMtrated,  firm  egg-sbelle.  So  minute  a  worm  has 
doubtless  been  many  times  overlooked.  In  the 
instances,  now  not  a  few,  in  which  its  presence 
was  ascertained  it  was  found  in  hundreds.  Lately 
cases  have  been  reported  from  Belgrade,  Italy, 
'  I,  Er^land,  France,  Germany,  South  America, 


Siam,  Japan,  and  the  United  States.     Grassi  says  pro.  itt.— bg  nf  i. 
it  is  very  common  in  the  south   of  Italy  and  in     cofoori™^^' 


Srily,  particularly  in  children.     Its  life-history  is 

nnknown,  but  some  authorities  think  the  second  host  is  an  insect  or  a 

myriapod.     It  exists  in  great  numbers  in  the  intestine  (250  to  over 

1000)  and  is  the  cause  of  disorder  of  a  more  serious  type  than  those 

{voduced  by  the  larger  tapeworms.     According  to  Grassi,  the  il.  murim 

develops  direct  in  the  rat  without  the  interposition  of  an  intermediate 

host. 

vii.  HymenolepisdlminutaRud.  1819. — (Synonyms:  Ttmv  diminuta 
Bad.  1819,  r-BBui  fep(flc^(n  Creplin  1825,  r.>(n>^iBc/afti  Weinld.  1868, 
T.  mTtxina  Par.  1884,  T.  minivui  Grassi  1886.) — The  occurrence  in  man 
ct  this  tapeworm  has  been  recorded  three  times  in  America,  rarely 
in  Italy,  Denmark,  France,  and  South  America,  and  each  time  in  a 
diild.  Only  once  was  the  head  found.  This  is  like  that  of  Ttenui 
toffnuiia,  though  somewhat  snutller  (0'2  to  OS  mm.)  ;  it  has  four  elliptical 
Kickers,  and  is  devoid  of  booklets  and  rostelhim.  The  neck  is  filiform, 
gradually  expanding  till  at  the  posterior  part  of  the  worm  the  ripe 
proglottides — which  are  trapezoid,  sometimes  triangular  in  shape — 
measure  0*66  mm.  in  length  by  3'5  mm.  in  breadth,  or  less.  Tlie  joints 
in  the  fore-part  of  the  worm  are  marked  by  a  large  yellow  spot.  This 
qmt  is  the  distended  receptAcnlum  seminis.  Posteriorly  this  mark  dis- 
^ipears,  giving  place  to  a  brownish-grey  colour  derived  from  the  crowd 
of  ova  filling  the  uterus.  A  notable  proportion  of  the  proglottides 
se  barren.  The  eggs  (0'06  mm.)  jxtssess  a  smooth,  double  outline,  and 
tnclose  a  six-hooked  embrj'o  surrounded  by  an  oval,  striated,  and  some- 
iritat  thickish  shell  (003  mm.).  The  genital  organs  open  laterally.  This 
t^>ea'onn  is  normally  a  parasite  of  rats  and  mice,  though  it  occasionally 
■akea  its  way  into  infante  niid  children.  Its  lar\~a,  according  to  Grassi 
and  Rovelli,  lives  in  the  lar\-a  nm\  adult  of  a  am.all  moth  j4 sopia  fiirinalix, 
"4i  an  orthopteron  Anisrialnn  •innvliin'n,  and  in  the  beetles  Jcis  spiiiosa  and 
AauruK  struttvs. 

viii.  Hymenolepls  lanceolata  Bloch.  1782. — (Synonyms:  T.  IdJirfolnfx 
Bioch,  DrepanidoUfuia  lawfiJata  Kailliet    ixil2.) — This  worm  is  30  to  130 
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mm.  long,  5  to  18  mm.  broad.  The  head  is  small  with  a  row  ui  ii^'r. 
hooks,  each  measuring  0  0 31  mm.  The  neck  is  short.  The  proglottuirt 
are  very  broad.  The  normal  host  is  the  duck  and  the  goose,  and  Vjk 
intermediate  host  is  a  Cyclops,  It  has,  however,  been  passe<l  by  a  U\v  'D 
two  separate  occasions  at  Breslau. 

ix.  Davainea  madagascariensls  Davaine  1869. — (Synonyms:  / 
wadagascurieiisis  Dav.,  T,  demerariensis  Daniels  1895.) — Our  knowied^v 
of  this  tapeworm  is  still  imperfect.  It  has  been  found  in  Mayotie  (one 
of  the  Comoro  Islands),  in  Mauritius,  in  Siam  (Bangkok),  and  in  Britifit 
Guiana.  It  may  attain  a  length  of  25  to  30  cm.,  and  have  r»00  to  7«'M 
proglottides.  The  terminal  proglottides  have  a  breadth  of  0*390  mm 
and  a  length  of  1'055.  The  head  has  four  suckers  and  a  rostelliiB 
armed  with  about  ninety  booklets,  0*018  mm.  long.  In  the  int4:rii* 
of  the  proglottides  the  eggs  are  arranged  in  balls  disposed  in  tT!in.*Ter5e 
rows.  The  genital  pores  are  latei-al  and  on  the  same  side.  The  iDicr- 
mediate  host  is  unknown,  possibly  some  widely  distrilmted  insect  sn*^ 
as  a  cockroach.^ 

X.  Dipylidium  caninum  (Linn.)  175S. — (Synonyms:  T.  ^iw*,..  I. 
1758  pro  parte,  T.  iwmiliformis  Pallas  1781,  T. 'iicumerina  Bloch.  I7^t 
T.  flliptiai  Batsch  1786,  IHpi/luHum  nicunicmium  Leuck.  18G.'i. ) — TLi>  » 
more  especially  a  parasite  of  the  dog  and  cat;  but  it  occurs  not  in- 
frequently in  man,  particularly  in  Scandinavia.  Usually  it  is  foumi  a 
young  children.  The  mature  worm  measures  from  10  to  40  cm.  in 
length.  It  has  a  long,  very  extensile,  thread-like  neck  which  gnuliuilj 
ex|>iinds  into  segments,  6  to  7  mm.  long  by  2  to  3  mm.  broad,  of  a  jJrt-Jilar 
reddish  tint  derived  from  the  ova  thev  contain.  The  small  heJii 
has  four  suckers  and  a  stout,  rounded  rostellum  carrying  from  forty  to 
sixty  booklets  set  on  disc-like  bases,  and  armnged  in  three  or  four  soi&r 
what  irregular  rings.  The  terminal  joints,  shaped  hke  melon  seeds,  an 
much  rounded  at  the  corners,  and  also  much  elongated — four  or  five  tinK* 
k)nger  than  broad.  The  sexual  organs,  with  the  exception  of  the  utenis, 
which  is  single  and  central,  are  double,  with  openings  on  lK>th  mar^nsoi 
the  proglottis.  In  the  dog  many  individuals  are  found  together — ecmv- 
times  hundreds.  To  the  thirty-six  recorded  cases  of  this  parasite  fouii*! 
in  man  Zschokke  has  recently  added  another.  His  specimen  anv 
from  a  four-year-old  boy  in  Bdle,  who  was  accustomed  to  play  with  d<«i 

The  dog-flea,  the  human  flea,  the  dog-louse  (Trichod fries  raius)  serwa*" 
the  intermediate  host  of  this  tapeworm.  When  the  cysticercoids  havf 
gained  the  lips  and  mouth  of  the  dog,  they  are  readily  tninsferre<i  w 
those  human  beings  who  are  uncleanly  enough  to  allow  dogs  to  lick 
them.  It  is,  when  foimd  in  man,  almost  exclusively  confined  to  childn* 
who  play  with  dogs.  Cases  have  been  recorded  in  all  countries  in  t» 
north  of  Europe. 

^   I  have  recLMitly  rec«'ive<l  some  proglottules  which  I  take  to  l>e  of  Jj,  ttuf'i'.ynsca'i'"-* 

from  Durli.'iii. — A.  K.  S. 
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Family  II.    Dlbothriocephalldee 

lothrlocepbalus  latus  (Liim.). — ^(Synonyms:  T.  lain  L.  1748,  T. 
..    I74t!,   T.  gi-ism  Pallas  1796,  T.  inendfranacea  Pallas  1781,  T. 
tllas  1781,  T.  deitlula  Batsch  1786,  Bothriocephalm  lalvs  Bremser 
hatheiuHi  lalim  Dies.  1850,  Bothrw- 
CfiMiiiui    Davaine     1874,    Hothrvi- 
Mlkus    Kiichenmeister    1855,    B. 

Bugii.  1885)  (Fig.  133). —This 
1  is  of  considerable  size,  measuring 
)  10,  exceptionally  from  12  to  IG 
!U  metres  in  length.  It  is  readily 
ihable  from  the  other  tapeworms 

man  by  this  feature,  by  its  great 
by  the  relative  shortness  of  the  pro- 

by  the  brownish  rosette- shaped 
nd  br  the  central  position  of  the 
■iwnings-       The    head    (Fig.    135) 

by  1  mm.)  is  somewhat  flattened, 
ngated  olive  shape,  and  is  provided 

laterally  placed  snctorial  grooves  ; 
ither  lostelluni  noi'  booklets.     The 

forepart  iire  very  extensile,  being 
thicker  according  to  the  state  of 
3n.  Traced  backwards  the  segments 
■  become  broader,  till  about  the 
if  the    worm,   where  they  measure 

mm.  in  breadth  by  4  or  5  mm.  in 

Farther  back  the  segments  become 

and  elongate,  so  that  about  the 
they  are  nearly  square.  The 
of  the  segments  are  thin  and  flat, 
centra]  portion  is  thicker,  bulged 
the  gravid   uterus.     The   segments 

numerous— 1000  to  4200  some- 
In  those  which  are  i-ipor  the  uteiiis, 
I  with  ova,  is  thrown  into  radially 

folds,  forming  what  is  known  as 
rine  rosette,"  under  the  middle  of 
part  of  which  the  sexual  openings 
e  found.  These  openings  are  two 
!r,  and  are  placed  close  together, — 

rior,  a  transverse  slit  in  which  are  cirrus-sheath  and  vulva, 
irior,  the  punctiform  opening  of  the  uterus.  The  eggs  are  oval 
)  0071  by  0045  mm.) ;  the  shell  is  simple,  brown,  and  closed  in 
id  by  an  operculum. 


n.  in.—DiMhrbietpluiliuMi. 
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In  the  other  human  tapewomis  »lready  deecribed  the  emhrj.>  ii 
formed  in  ulero,  and  very  generally  the  vitelline  portion  of  the  oiitui)  hi 
disappteai'ed  before  the  proglottides  are  deuclieik 
the  embryo,  in  fact,  enclosed  in  it«  own  ^cr^ 
shell,  is  the  only  part  of  the  ovum  remMnin^ 
This  is  not  the  case  in  DiiiolArwcepiuxlus  Uiiun.  Vihir 
in  tUnv,  and  perhaps  for  months  sftemnls.  tlw 
embryo  is  still  undeveloped,  and  the  egg  reuist 
all  the  characters  of  an  undeveloped  ovuhl  Td 
secure  maturation  of  the  ovum  it  has  to  lie  i> 
t  water  for  a  longer  or  shorter  time,  acconJiiu;  tn 
'  temperature  and  other  circumstances.  A  dIiu>J 
six-hooked  onchosphere  is  then  developed  wfaich. 
when  sufficiently  mature,  effects  its  escape  from  the  egg-shell  V 
forcing  back  the  operculum  ;  it  then  swims  about  in  the  water  lik«  ^n 
infiisorian.  This  ciliated  swimming  form  gains  access,  either  dirtttl,^. 
or  possibly  through  the  body  of  another  animal  as  yet  unrecogniMJ. 
to  certain  fishes,  particularly  pike,  burbot  (Lota  ewlffaris),  member:  uf 
the  Salmonidte,  and  other  fresh-water  species,  which  act  as  mxr:- 
mediate  hosts  to  the  young  parasite.  In  these  fishes  young  IHbdhr^- 
cep/udi  are  often  found  in  large  numbers  lying  free  or  only  feeWj 
encysted  in  the  viscera  and  muscles  (Fig.  136).     They  are  not  desttfyl 


'krinnf*atMi    lotai   lam 

■xlrndMl.C  with  iMnrtf4 
bt^.     <A.  »t.  mc;   B 


by  salting,  pickling,  or  smoking.  They  have  no  caudal  cyat,  nae  do  ther 
exhibit  any  indication  of  having  gone  through  such  a  metamorpboai  u 
takes  place  in  the  higher  cestodes ;  the  embryo  seems  simply  to  Iok  it* 
mantle  of  cilia,  to  drop  its  six  booklets,  and  then  to  elongate  itoeU,  ibr 
future  suckers  becoming  visible  as  depressions  or  slits  at  ooe  end  of  the 
larva.  The  bead  and  tail  are  usually  found  invaginated.  Hie  jonif 
worm  grows  to  1  or  25  cm.  in  leng^  by  2  or  3  mm.  in  Iwwtdth.  b 
this  condition  it  is  transferred  in  raw,  smoked,  or  imperfectly  cond 
or  cooked  fish  to  the  intestine  of  man,  dog,  cat,  or  other  ichthyoptHgo"' 
animal,  where  it  rapidly  develops  into  the  mature  DUxAhrioctjAaltt  Uti:'- 
In  these  facts,  which  btve  been  proved  many  times  by  experimriil. 
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we  have  the  ejcpUoation  of  the  peculiar  and  narrowly  limited  geographical 
distribution  of  this  parasite,  which,  so  far  as  we  know,  is  confined  to  the 
shores  of  the  Franco-Swiss  lakes,  to  Northern  Italy,  to  Bavaria,  the 
eastern  and  western  shores  of  the  Baltic,  Poland,  Turkestan,  and  Japan. 
A  few  cases  are  reported  from  Ireland  and  the  United  States.  In  some 
of  these  countries  a  very  large  proportion  of  the  inhabitants  are  affected  ; 
in  St.  Petersburg,  it  is  said,  15  per  cent.  As  the  individual  parasites 
m&Y  live  a  very  long  time,  up  to  twenty-one  years  even,  and  as  the  fish 
containing  the  larval  Dibolhriocephali  are  frequently  exported  and  con- 
mmed  in  countries  outside  the  strictly  endemic  areas,  Dibothrvuxjihobm 


Uttus  is  sometimes  met  with  at  a  distance  from  its  usual  and  endi'niic 
haunts. 

ii.  DltJbthriocephalus  cordatus  (K.  Leuck.)  1863. — (Synonym:  ^oMf/o- 
eep/uitM  cordfUtis  Leuck.) — ^Hitherto  this  worm  has  been  foiuid  in  man 
only  rarely.  It  occurs  in  Greenland  and  Iceland,  where  it  appears  to  1*« 
common  enough  in  doge,  seals,  and  walruses,  and  where,  doubtless,  its 
occurrence  is  dependent  on  the  ichthyophagous  habits  of  men  and 
beasts.  It  measures  about  60  to  1 15  cm.  in  length,  the  terminal  joints 
being  about  5  mm.  square.  The  head  (2  mm.)  is  described  as  being 
short,  broad,  and  cordiform,  with  lateral  wings  having  at  their 
borders  a  longitudinally  placed  groove  or  sucker.  The  segments  attain 
their  maximum  breadth,  and  also  reach  sexual  maturity,  at  a  very  short 
distance  (.^  cm.)  behind  the  head.  From  the  shortness  of  the  neck  the 
Ulterior  end  of  the  worm  is  lancet-shaped.  The  genital  organs  ojien 
Tentrally. 

iii.  Sparganum  tnansonl'  (Cobbold)  1883. — (Synonyms:  Liguhi 
man»>ni  Cobbold  1883,  liothritic^ikalus  lU/jiluides  R.  Leuck.  18S6, 
Dibotkriiiiii    mans'mi    Ariola     1900.)  —  This    is  the    larval    form    of   art 
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unknown  species  of  the  Dibothriocaphalid^e.  I)i  making  a  pcMt-motV* 
ex;  1 1  lit  nation  of  a  Chinese,  in  Amoy,  a  number  of  specimens  of  this  panou 
were  -found  under  the  peritoneum  in  the  neightMi 
hoo<l  of  the  kidneys  and  iliac  fosss,  and  abo  oat 
appitrently  free  specimen  in  the  pleural  am. 
They  were  more  or  less  coiled  up  and  Irr^uiKlt 
dis]>oscd  in  the  sub -peritoneal  fascia,  and  kiobd 
like  riblmn-strings  of  pale  fat  underneath  the  mtcm 
membrane.  On  being  turned  out  they  were  f<N^ 
to  l>G  long,  white,  riblxin- shaped  parasite^  wid 
feeble  yet  distinct  movements.  No  differentiunl 
Kiii,  isf-.-Ba;  of  niy-j-  head,  no  definite  structure,  and  no  erideoce  A 
niHH/t'loo).  r.'iKhtyeiiow  scxtial  org-ans  were  discovered,  neither  wasthertoj 
iXm'. '" '"''""'  *^'""  ittlempt  at  segmentation.  When  fresh  the  pvuu 
measured  about  30  to  35  cm.  in  length,  by  ibM 
%-Vl  mm.  in  breadth.  They  tapered  slightly  towards  one  end;  * 
the  broad  end  there  was  a  sort  of  papilla  which  in  some  instauMi  n 


retntcted.     Scheube  extracted  a  similar  parasite  from  the  urethnv'* 

JujNmese. 
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Leuckart  suggests  that  the  host  of  the  mature  form  of  this  parasite  is  a 
carnivorous  animal  closely  associated  with  man.  Sonsino  found  a  similar, 
if  not  the  same,  parasite  in  an  Egyptian  jackal. 

iv.  Diplogonoporus  grrandls  (R.  Blanch.)  1894. — The  head  of  this 
worm  is  unknown,  but  portions  of  body  10  m.  long  have  been  passed  in 
Japan.  The  proglottides  are  broad,  from  14  to  16  mm.  to  25  mm.,  with 
two  parallel  lines  of  black  spots.  The  eggs  are  oval,  0'063  by  0-048  to 
0*05,  with  opercida. 

V.  Plerocercoldes  prolifer  Ijima  1905. — (Synonyms:  Bothriocephalm 
sp.  Ijima  and  Kurimoto  1894,  Krabbea  grandis  R.  Blanch.)  This  is  the 
name  given  by  Ijima  to  a  plerocercoid  larva  he  has  recently  described 
from  the  subcutaneous  tissues  of  a  Japanese  woman.  Like  the  Sparganum 
mansoni,  it  is  only  known  in  the  larval  state,  and  until  we  know  the 
parent  form  it  will  be  impossible  to  name  it  accurately.  Vast  numbers 
of  the  parasite  were  found  encapsuled  in  the  subcutaneous  and  neigh- 
bouring tissues.  Ijima  calculated  that  there  were  10,000  larvae  in  the 
left  thigh  alone.  Others  were  found  free.  The  parasites  multiply  by 
transverse  fission  and  by  budding.  There  seem  to  be  no  hollow  slits 
or  side-suckers.     This  form  is  possibly  identical  with  S.  mansoni. 

Symptoms  produced  by  Tapeworms 

Id  many  instances  of  tapeworm  infection  the  parasite  appears  to  give 
rise  to  no  inconvenience  whatever,  its  presence  being  entirely  overlooked, 
or  only  made  known  by  the  appearance  of  proglottides — singly  or  in  chains 
-— Ui  tlio  stoob.  Usually,  however,  there  is  complaint  of  colicky  pains  in 
the  aUomen,  perhaps  of  alternating  diarrhoea  and  constipation.  Nausea 
and'  otber  dyspeptic  sensations  are  often  complained  of,  particularly 
the  patient  is  fasting.  In  a  certain  proportion  of  cases  the 
nutoition  suffers,  or  a  state  of  anaemia  may  appear  and  be 
BS  pernicious. 

In  not  a  few  cases  grave  nervous  disturbances — such  as  giddiness, 
OfiiliptifQrm  seizures,  chorea,  hallucinations,  and  other  neuroses — have 
boott  attributed  to  these  parasites,  and  apparently  with  justice;  at  all 
OTOnt^  it  18  stated  that  such  symptoms  disappeared  on  the  expulsion  of 
the  propomed  causa  As  can  readily  be  understood,  the  hypochondriacal 
tcaqpinHiient  is  apt  to  dwell  on  such  a  subject,  to  exaggerate  actual 
a^nqitoins,  to  imagine  others,  and  to  persist  in  the  belief  that  a  worm  is 
prejint  either  where  no  worm  had  ever  existed,  or  after  its  complete 
ezpuliion — a  sort  of  tseniaphobia. 

The  blood  in  these  cases  usually  shows  but  little  change  from  the 
norinaL  In  a  few  cases  of  Tcenia  infection,  however,  the  eosinophil 
leaebcytes  are  markedly  increased  in  numbers — Leichtenstern  records  a 
eount  of  34  per  cent,  Limasset  one  of  26  per  cent,  whilst  several  other 
authors  have  noted  over  10  per  cent  eosinophils  in  some  of  their  cases. 
Limasset,  who  carefully  studied  the  blood  changes  in  sixteen  cases  of 
tapeworm  infection,  found  that  five  of  these  at  some  period  shewed  more 
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than  5  per  cent  eosinophils,  and  two  at  some  period  more  than  10  per 
cent.  Cysticercus  cysts  may  also  set  up  in  the  blood  a  typical  eosinopbilb 
of  over  1 0  per  cent.  Dibothriocephalus  lotus  rarely  affects  the  blood  leuco- 
cytes ;  in  some  cases,  however,  it  seems  to  have  been  the  cause  of  a 
relative  increase  in  the  eosinophil  cells.  The  profound  anaemia  to  whidi 
it  occasionally  gives  rise  closely  simulates  "  primary  pernicious  ansim*' 
characterised  by  the  presence  in  the  blood  of  nucleated  red  blood- 
corpuscles,  the  majority  of  which  conform  to  the  megaloblastic  type,  by 
the  presence  of  poikilocytes  and  of  cells  shewing  polychromatophilia.^ 

It  is  said  that  Dibothriocephalus  lotus — on  account,  probably,  of  iti 
greater  size — is  apt  to  be  accompanied  by  more  marked  symptoms  (more 
especially  profound  anaemia — "  bothriocephalus  anaemia  ") — than  either 
T,  saginata  or  T.  solium.  Hyinenolepis  nona  and  Davainea  mada^nscarKwu 
— particularly  the  latter — ^are  credited  with  causing  nervous  symptoms  of 
unusual  severity ;  probably  because  they  occur  principally  in  children. 

For  the  diagnosis  of  species  from  the  proglottides  passed  by  the 
patient  the  reader  is  referred  to  the  descriptions  already  given  of  the 
various  tapeworms. 

Treatment. — The  number  of  drugs  which  have  been  employed  ts 
taeniafuges  is  very  great.  Most  of  these  are  now  discarded.  The  mik 
fern,  pomegranate  root  bark  and  its  alkaloid  pelletierine,  kousso  or  cobso, 
pumpkin  seeds,  and  turpentine  are,  in  about  the  order  stated,  those  moK 
generally  employed  at  the  present  day.  The  exact  value  of  thymol  and 
eucalyptus  oil  as  taeniafuges  has  yet  to  be  determined  ;  but  as  these 
drugs  frequently  procure  the  expulsion  of  tapeworms,  ascarides,  and 
distomes  when  given  in  cases  of  ankylostomiasis,  they  promise  to  be 
valuable  additions  to  the  pharmacopoeia  as  efficient,  all-round  anthelmintici 

Before  administering  any  of  these  drugs  it  is  always  desinbtr 
to  secure  an  empty  condition  of  the  bowel — preferably  by  salines,  which 
clear  away  any  mucus  which  may  protect  the  worm — and  it  is  alwijs 
well  to  follow  up  their  administration  by  a  smart  cathartic.  The  anthel- 
mintic does  not  as  a  rule  kill  the  parasite,  but  only  paralyses  it,  from 
which  state  of  paralysis,  if  not  quickly  swept  out  of  the  intestine,  it  wouW 
probably  recover  in  a  short  time  and  renew  its  hold,  temporarily  relaxed, 
on  the  mucous  membrane.  As  most  of  these  drugs  exercise  to  a  certiB 
extent  a  toxic  effect  on  the  host,  as  well  as  on  the  parasite,  it  is  always  well 
for  the  patient  to  lie  down  for  an  hour  or  two,  or  until  these  toxic  effecti 
have  passed  away.  Good  rules  are : — a  cupful  of  milk  instead  of  the 
usual  full  evening  meal ;  early  next  morning  the  tseniafuge  on  an  empty 
stomach  ;  shortly  afterwards  a  brisk  cathartic,  the  recumbent  position 
being  maintained  until  the  latter  has  acted ;  in  the  event  of  part  of  a 
tapeworm  protruding  at  the  anus  it  must  not  be  pulled,  lest  it  aup 
across,  and  the  head,  remaining  behind,  recover  its  hold.  OgilTie 
(Lam-et,  August   4,   1894)   recommends  a  more  prolonged   preliminair 

'  Tlie  autliors  are  indebted  to  Mr.  E.  G.  Feamsides  of  Trinity  HaU,  CAmbrid^,  i^ 
this  and  for  the  other  j)aragraph8  on  eosinophilia  which  wiU  be  found  iu  the  account  of  *-i'" 
more  important  parasites. 
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treatment,  including  dieting ;  and,  with  the  view  of  removing  any  mucus 
which  might  protect  the  parasite  from  the  action  of  the  drug,  Carlsbad 
salts  or  other  saline  aperient  for  several  mornings  before  active  treatment 
is  begun. 

FHvx,  fiias,  when  fresh  and  well  prepared,  is  perhaps  the  most  reliable 
taeniaf uge  we  possess.  The  Extradum  jUicis  liquidum  is  best  given  in 
emulsion  or  in  milk  or  in  capsule,  in  three  or  four  doses,  of  half  a 
drachm  each,  at  intervals  of  half  an  hour.  As  the  cathartic,  calomel 
(five  grains)  with  scammony  (eight  grains)  is  efficient;  or  a  full  dose 
of  castor  oil  may  be  given  with  the  last  dose  of  the  extract 

Pomegranate  root  is  a  good  anthelmintic.  It  may  be  used  either  as 
the  official  decoction,  or  as  a  decoction  prepared  by  macerating  two 
ounces  of  the  bruised  bark  in  twenty-four  ounces  of  water  for  twenty- 
four  hours,  and  then  boiling  down  to  eighteen  ounces  and  straining. 
Of  the  last- mentioned  prepamtion  a  third  part  should  be  given  at 
intervals  of  half  an  hour,  the  last  dose  being  followed  by  a  purgative. 

A  better  preparation  of  pomegranate,  and  one  which  is  coming  much 
into  use  on  the  Continent,  is  the  sulphate  of  pelletierine,  prepared  from 
the  active  principle  of  the  bark.  It  is  usually  given  in  one  dose  of 
five  to  seven  grains,  with  an  equal  quantity  of  tannic  acid,  in  sweetened 
water.  This  is  the  dose  for  adults.  For  young  people  the  dose  must 
be  considerably  smaller ;  it  ought  not  to  be  given  at  all  to  children 
under  eight  or  ten.  The  tannin — contrary  to  the  general  impression — 
does  not  add  to  the  anthelmintic  powers  of  the  alkaloid ;  it  is  given  as 

a  stomachic,  and  tends  to  diminish  nausea  and  the  risk  of  vomiting. 

After  from  a  quarter  to  half  an  hour  the  cathartic  shoidd  be  administered. 

In    from    fifty    to    eighty    per    cent    of    cases    the   entire  tapeworm  is 

expelled.     In   toxic  doses  the  action   of  pelletierine  resembles  that  of 

curara,  |>aralysing  the  motor  nerve  terminals,  but  not  affecting  muscular 

irritability.     If  the  dose  be  too  large  it  may  give  rise  to  vertigo,  nausea, 

vomiting,  diplopia  and  other  visual  troubles,  pallor,  cramps,  and  so  forth. 

With  the  doses  mentioned,  and  if  the  recumbent  position  be  maintained 

for  some  hours,  such  effects  need  not  be  apprehended. 

Kousso,  in  doses  of  four  to  eight  ounces  of  the  official  infusion,  is 

very  effective  when  the  dnig  can  be  obtained  quite  sound  and  fresh. 

Oil  of  turpentine,  in  doses  of  from  two  to  four  drachms  in  emulsion, 

18  sometimes  prescribed ;  but  it  is  more  nauseating  and  otherwise  more 

objectionable  than  the  drugs  already  mentioned. 

For  young  children  a  safe  taeniafuge  is  bruised  pumpkin  seeds :   an 

ounce  of  the  bruised  seeds  made  into  an  electuary  is  not  a  disagreeable 

mixture  and  is  readily  swallowed. 

After  the  action  of  an  anthelmintic  the  head  of  the  tapeworm  should 

be  diligently  sought  in  the  stools ;  for,  unless  this  is  found,  there  can  be 

no  assurance  that  the  cure  will  prove  permanent. 
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Class  II. — Trematoda 

The  trematodes  are  usually  flat,  leaf -shaped,  unsegmented  pUty- 
helminthes,  possessing  a  mouth  and  a  pharynx.  The  latter  bifiirtites 
into  two  simple  or  branched  intestinal  tubes  which  terminate  caecally. 
They  are  provided  with  ventrally  placed  suckers,  and  are  genenlly 
hermaphrodite.     In  a  few  species  the  sexes  are  separate. 

Excretion  is  effected  by  a  series  of  ramifying  vessels  which  unite  to 
form  trunks  terminating  in  a  contractile  vesicle,  and  finally  opening  it 
the  posterior  pole.  The  male  organs  of  generation  consist  of  testes  (two), 
and  vas  deferens — the  protrusible  end  of  which  forms  the  cirrus  •ir 
penis.  The  female  organs  of  generation  comprise  an  ovary,  yolk-glande 
(two),  shell-gland,  convoluted  uterus,  and  vagina.  The  sexual  opening* 
are  placed  close  together  on  the  ventral  surface. 

The  order  is  divided  into  several  families. 

So  far  as  known,  the  trematodes  occurring  in  man  are  ovipan«ut 
The  ovum  at  birth  in  some  species  contains  a  ciliated  embryo ;  in  other 
8i)ecies  this  embryo  is  not  developed  until  later.  In  either  case,  tficr 
leaving  the  uterus  of  the  parent  the  ovum  is  carried  in  the  discharges  d 
the  host  into  water  or  into  damp  soil.  Here,  after  a  variable  time,  tlu* 
ciliated  embryo — the  miracidium — ^is  hatched  out^  and  for  a  short  period 
s>vims  about  in  search  of  its  special  intermediate  host.  Should  it  sacoeed 
in  finding  this — usually  a  mollusc  or  crustacean — the  embryo,  selecuiu: 
some  weak  point  unprotected  by  shell  or  dense  integument,  drilk  its 
way,  by  means  of  the  little  beak  with  which  it  is  provided,  into  tbe 
body  of  this  animal,  and  therein,  losing  its  ciliated  covering,  enlarges  and 
becomes  transformed  into  a  sporocyst  (a  sort  of  hollow  sac  having  no 
alimentary  canal),  or  into  a  redia  or  larva  provided  with  an  alimentarr 
canal.  In  the  interior  of  the  sporocyst  or  of  the  redia,  and  originatiiu: 
from  certain  germ  cells,  tailed  cercarim  are  developed ;  or,  it  mmy  be 
another  generation  of  sporocysts  or  redias  is  produced.  The  minute 
cercariae,  originating  in  the  sporocysts  and  redise,  resemble  distomei  in 
the  possession  of  suckers  and  alimentary  canal,  hut  differ  from  the 
mature  worm,  inasmuch  as  they  are  destitute  of  organs  of  generation; 
and,  further,  in  that  they  are  usually  provided  with  actively  moving  and 
powerful  tails.  When  sufficiently  mature  the  cercariae  spontaneoiuly 
quit  the  sporocyst  or  redia.  Leaving  now  the  body  of  the  intermediarr 
host,  they  swim  about  in  the  water,  or  creep  about  in  damp  places,  and 
may  become  encysted  on  blades  of  grass,  leaves,  or  in  tiie  mud,  or  ili^y 
may  come  across  a  second  intermediate  host — mollusc,  worm,  insect, 
larva,  or  fish — into  the  tissues  of  which  they  enter,  and  in  which,  haring 
dropped  their  tails,  they  become  encysted.  However  this  may  be,  either 
in  the  body  of  intermediate  host,  or  encysted  on  some  vegetable,  or  in 
water,  tlie  cercaria  finally  enters  the  body  of  the  definitive  host  It  thee 
finds  its  way  to  its  proper  habitat  the  intestine,  bile-ducts,  lungs,  blooti 
vessels,  or  other  tissue,  and  rapidly  develops  into  the  sexually  mature 
distome. 
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The  nature  and  classification  of  the  minute  parasite  (021  mm.)  found 
by  von  Nordmann  in  the  cataract  of  an  old  woman,  and  named  Mmxo- 
doma  lerilis  von  Nordm.  1832,  is  doubtful.^  The 
IHstotnum  ctculi  humani  Amnon  1833  (Synonym:  1). 
aphtJialmoUum  Diesing  1850)  also  requires  rein- 
vestigation. Amnon  found  four  examples,  0*5  to 
1  mm.  in  length,  between  the  lens  and  the  capsule 
of  the  eye  of  a  five-year- old  child.  Leuckart 
regarded  these  as  specimens  of  Dicroctdmin 
lanceatam  ;  others  have  suggested  they  are  young 
leeches  (Fig.  140). 


Fio.  140.— /)t>f(>»/mm  oculi 
humani.     Leuckart. 


The  large  and  unwieldy  family  Distomidae  has  been  and  is  being 
broken  up  into  a  number  of  new  families  of  which  three  include 
trematodes  parasitic  in  man. 


Family  I.   FasciolidSB 

The  Fasciolidae  possess  an  oral  and  ventral  sucker ;  the  excretory 
system  opens  on  the  posterior  edge ;  the  reproductive  pore  is  median, 
in  front  of  the  ventral  sucker ;  the  primary  diverticula  of  the  alimentary 
canal  are  mostly  without  secondary  branches ;  hermaphrodite. 

i.  Faseiola  hepatica  (Linn.)  1758. — (Synonyms:  THstomum  hepaticiim 
Retz.  1786,  F,  humana  Gmel.  1789,  Distomum  cavice  Sons.  1890,  Cladocalium 
hepaticum  Stoss.  1892)  (Fig.  141). — The  normal  habitat  of  the  liver-fluke 
is  the  bile-ducts  of  the  sheep.  Occasionally  it  is  found  in  a  similar 
situation  in  man,  more  often  in  certain  ruminants  and  rodents.     Besides 

having  been  found  in  man  in  this  its  normal  habitat, 
it  has  three  times  been  found  in  various  veins  (the 
Ilexathyridima  venarum  of  Treutler  was  probably  a  mis- 
placed F.  hepafica),  and  four  times  it  is  recorded  as 
having  been  removed  from  subcutaneous  tumours  in 
which  it  had  developed,  having  been  carried  there  prob- 
ably, whilst  immature,  in  the  blood.  It  is  sometimes 
found  in  the  lungs  of  the  ox. 

The  mature  parasite  is  a  long,  flat,  l)rownish, 
leathery,  leaf- shaped  animal  possessing  considerable 
activity,  and  measuring  from  20  to  30  mm.  in  length  by 
Fio.  141.-  Fascial  a  8  to  13  mm.  in  breadth.  The  oral  sucker,  which  is 
^^Ser^uSt.'*^'*^^  ^^^  smaller,  is  placed  at  the  top  of  a  sort  of  pro- 
tuberance— representing,  so  to  speak,  the  stalk  of  the 
leaf  ;  it  contains  the  buccal  orifice.  A  very  short  distance  behind  this 
is  the  ventral  sucker,  in  front  of  which  again  lies  the  opening  of  the 
genital  organs  (Fig.  143).  The  cuticle  is  covered  with  fine  spines 
directed  backwards. 

Lying  in  the  bile-ducts  the  liver-fluke  pours  its  large,  brown,  oper- 

*   Braun  suggests  that  it  is  not  impossible  that  this  form  was  a  young,  minute  leech. 
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culated  eggs  (013  by  008  mm.) — very  like,  but  about  twice  the  si».ii 
those  of  Dibothriocephalus  latus— into  the  bile.  P&ssiiig  out  with  the  dmii;. 
in  favourable  circumatances  they  are  cairied  into  water  where,  after  a 
variable  period  of  from  two  to  three  weeks  to  as  many  months  acconlio; 
to  temperature,  the  ciliated  miracidium  is  developed.  When  sutlicientlj 
mature  the  embryo  forces  open  the  operculum,  and  escapes  imo  ibe 
water.  It  then  enters  a  small  mollusc — Limnaa  trwacaiuia,  or  other  ani 
closely  allied  species  of  gastropod — in  the  pulmonary  cavity  of  which  ii 


Fi<!.    1J2.  —  Kfcg    or   raseUAa  hiaitiro 
(XBbouHOO).    Light  y-llont  Wwu 


passes  through  the  aporocyat,  redia,  and  cercaria  stages  of  developmenu 
Finally,  escaping  from  the  intermediate  host,  it  may  encyst  itself  on 
some  ai[uatic  plant ;  and  while  in  this  stage,  or  while  still  in  the  iiiier 
mediate  host,  or  swimming,  or  creeping  about  as  a  free  cercaria,  it  is 
transfer re<l  to  the  stomach  of  sheep  or  ox,  and  so  to  the  biliarr 
paaaiLges.  Doubtless  man  becomes  infected  from  drinking-water  fouled 
by  "  tlukey  "  sheep  or  cattle,  or  from  eating  aquatic  plants  on  whiih 
cercariie  had  encysted  themselves.  The  duration  of  the  stay  of  the  fluke 
in  tlie  bile-ducts  is  not  accurately  known.  Some  suggest  nine  montb*, 
others  a  year  or  longer.  That  they  do  leave  the  ducts  spontaneoiulr  i* 
certain,  for  they  arc  sometimes  passed  per  anum  and  even  vomited. 
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In  the  aheep  F.  hepaiica  gives  riae  to  the  important  epizootic  known 
ss  "sheep  rot,"  a  diiieaae  characteriaed  by  antemia,  emaciation,  ascites 
and  oedenui,  and  enlargement  of  the  liver.  It  is  very  fatal,  and  is 
specially  common  in  flocks  pasturing  in  certain  low-lying  localities  in 
which  Limiuea  tntncatula  and  other 
minute  gastropods  abound.  In  some 
of  the  cases  in  which  it  occurred  in 
miin,  it  appears  to  have  given  rise  to 
DO  particular  symptoms ;  in  other 
instances  it  has  caused  dilatation, 
thickening,  Und  obliteration  of  the 
biliary  passages,  enlargement  of  the 
liver,  and  thickening  of  GHsson's 
capsule,  or  even  abscess  of  the  liver. 
These  pathological  conditions  were 
associated  with  a  variety  of  syniptooks, 
such  as  vomiting,  diarrho^  constipa- 
tion, hepatic  pains,  ascites,  jaundice, 
eiilai^ement  of  the  liver,  fever,  and 
so  forth.  In  obscure  hepatic  alTec- 
tions,  therefore,  the  vomiting  or  the 
passage  of  flukes  per  annm,  or  the 
discovei7  of  their  characteristic  ova 
in  the  stools,  would  indicate  a  prob- 
able explanation  of  the  symptoms. 

ii. Fasclolopsls  buskl  (Lank.)  1857. 
— (Synonyms :  IHslotiium  buski  Lank. 
1857,  D.  crassum  Busk  1859,  tiec  v. 
Sieb.  1836)  (Fig.  H4).— This,  the 
largest  of  the  distomes  occurring  in 
man,  has  been  found  in  the  alimentary 
canal  of  a  considerable  number  of 
Europeans  living  in  the  East,  in  East 
Indians,  particijjarly  in  Chinese  in 
Canton,  Borneo,  and  the  Straits  of  * 
Malacca,  and  in  natives  of  Assam  and 
India.  Recent  investigations  seem  to 
shew  that  both  it  and  certain  other 
Mid  as  yet  unidentilied  distomes  are  by  no  means  the  rare  parasites  they 
were  formerly  supposed  to  be.  Dobaon,  in  the  stools  of  13-19  unsclocted 
Indian  coolies  to  whom  he  hiid  administered  a  large  dose  of  thymol, 
found  large  {Faseuiopsis  buski)  and  smalt  (GadriNiitais  homiim,  Oi>istho)-chis 
moverca,  and  0.  sinensis  (!))  distomes  thirteen  times,  or  in  r.ither  over 
1  per  cent  of  the  cases.  In  the  three  instances  recorded  by  Cobbold — 
father,  mother,  and  child  —  the  parasite,  which  evidently  had  been 
acquired  near  Ningpo,  China,  appeared  to  give  rise  to  a  certain  amount 
of    intestinal   irritation  and    to    dyspeptic   symptoms  accompanied  by 
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irregular  diarrhoea  of  pale  stools,  occasionally  streaked  with  blood.  In 
the  other  recorded  instances  there  is  no  mention  of  any  particnlir 
clinical  symptom  attributable  to  the  parasite. 

Fasciotopsis  buski  is  easily  recognised  by  its  great  size — 24  to  37  and 
even  TO  mm.  in  length  by  5'5  to  12  or  even  14  mm.  in  breadth,  ll  it 
thick,  brown,  smooth  and  without  spines,  and  oblong  in  shape,  tbc 
posterior  part  being  somewhat  the  wider.  The  ventral  sucker,  whitb  11 
the  larger  (16  mm.),  can  be  readily  seen  by  the  naked  eye  close  behipi 
the  oral  sucker.  The  eggs  are  oval  (0'125  mm.  by  0077  mm.),  havt 
granular  contents,  and  are  operculated.  The  line  marking  the  opercnlnni 
is  very  delicate,  and  is,  therefore,  apt  to  be  overlooked  (Fign.  145,  U61. 

lii.  Faselolopsis  rathouisi  Poirier  1887,  —  Length  25  mm.  k 
16  mm.,  no  spines,  the  suckers  approach  one  another.     The  tesiea  and 


ovaj-y  lie  [josteriorly.  The  eggs  measure  015  by  0'08  mm.  TLii  liw 
been  observed  in  a  Chinese  suffering  from  liver  disorder  and  pottihly 
again  in  a  Chinese  and  a  Malay  in  North  Borneo. 

The  life-history  of  this  Treraatode  is  quite  unknown. 

iv.  DiCPOOOelium  lanceatum  Stil.  and  Hass.  1896. — (Synonyms: 
Fasdola  hmceolata  Rud.  1803  (nee  Schrank  1790),  IHstonuim  fawi* 
latum  Mehlis  1825,  Dicroccdium  lanctoUUuTn  Dujardin  1845.)  —  Thii 
distome,  which  in  ruminants  is  frequently  associated  with  F.  htpaika,  » 
recorded  as  having  been  found  in  man  seven  tiroes.  It  is  somewlMt 
lancet  ■  shaped  and  broader  posteriorly  than  anteriorly.  It  meamrsi 
fi-om  8  to  10  mm.  by  15  to  2'5  mm.,  is  thin,  supple,  and  derokj  of 
cuticuliir  spines.  The  dark  ova  (0"04  by  O'OS  mm,)  are  provided  with* 
double -outlined,  operculat«d  shell,  and  contain,  even  at  birch,  a  fnll.T 
developed  rairacidinm,  the  cilia  of  which,  however,  cover  the  anierw 
third  of  the  body  only.     The  intermediate  host  is  believed  to  be  the 
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mollusc  Vlatunhh  vutrffiiudis.  Ic  has  also  been  found  in  the  alimentary 
cuial  of  the  slugs  Arum  and  l.imax.  The  adult  lives  in  ruminants, 
rabbits,  and  swine. 

From  ita  small  size  this  distome  is  not  likely  to  damage  the  bile- 
passages  seriously,  and  in  none  of  the  cases  in  which  it  has  been  found — 


leption — could  it  be  regarded 


Fio,  i.y),-<>(i(«*(.™, 

(xrt).    Ah"rM.'' 


of  f^ve 


irith  perhaps  one 

hepatic  trouble.  • 

V,  Oplsthorohls   novepca-  Branu    1903.— (Synonym :    J/inloim   con- 

jmKium  Lew.  and  Ctmn.  1HT2)  (Fig.  150).— This  jiarasite  liiis  twice  l«en 
found  in  man  by  McCotmell  in  Calcutta.  Both  patients  were  East 
Indians  who  had  died  from  dysentery.     The  distomes  were  present  in 
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large  numbers — upwards  of   100  in  both  casee,  and  lay  Iq  the  dilated 
bile-ducts,  from  which  they  escaped  on  section  of  the  livar. 

OpUllMrehis  noverca,  in  size  and  outline  something  like  a  flatteoal 
oat-seed,  measures  on  an  average  9-5  to  12-7  mm.  by  2-5  mm:  hit 
distinguishable  from  D.  lanceatum  and  0.  sinensis  by  the  minute  Epiui 
with  which  it  is  covered,  as  well  as  by  the  arrangement  of  its  viactn. 
The  ova  havt^  a  double  outline,  are  operculated,  and  measure  0034  hj 
0031  mm.  Nothing  is  known  of  its  life-histotr ; 
apparently  it  is  not  uncommon  in  the  liter  of 
pariah  dogs  in  India.' 

vi.  Oplstborchis  sinensis  (Cobb.)  1675.- 
(Synonyms :  Disloma  stnense  Cobb.  18"j,  /'. 
spalhulatum  R.  Leuck.  1876  (guc  Budolphi  1819), 
D.  hepaUs  endemtatm  s.  pemKiosum  BaeU  Wi, 
D.  hepalis  inrwcuum,  Baelz  1883,  D.  japonifum  B. 
Blanch.  1886)  (Fig.  151).^ — Recent  inrestigWWM  ■ 
seem  to  indicate  that  this  distome  has  an  eilradnJ 
geographical  distribution,  that  in  some  pUees  it  ii 
widely  endemic,  and  that  in  such  pUnee  it  ii  of 
considerable  pathological  importance.  DiscoTerHl 
by  McConnell  in  a  Chinaman  in  Calcutta  in  Ir'f. 
it  has  since  been  frequently  found  in  the  aw 
race  in  Mauritius  and  in  the  Straits  of  MiUccl 
It  has  also  been  found  in  natives  in  Assam  itid  in 
Corea.  In  Japan,  according  to  Baelz,  it  is  commaB 
n  places.  He  describes,  under  the  names  D.  hepatin* 
I  pernicioswm  and  D.  hepalitum  inUowum,  what  ataat 
to  be  this  parasite,  or  varieties  of  it,  as  occurring  i> 
great  abundance  in  20  per  cent  of  the  )>opulitioD 
'  of  certain  damp,  insalubrious  seaside  villages  oi 
the  proiince  of  Okayama  which  have  an  un«hol^ 
me  water-supply. 
In  these  villages,  and  probably  elsewhere  id 
places  in  which  it  is  endemic  tofa  severe  degrM. 
'  it  gives  rise  to  a  train  of  symptoms  charactoved 
at  first  by  morbid  hunger,  epigastric  weight  tnl 
pain,  enlargement  and  tegderiicss  of  the  liver,  and  swelling  of  the  a[\eta. 
After  a  few  years  diarrhtea,  ascites,  oidema  of  the  legs,  and  a  cachecbc 
condition  supervene  and,  in  the  long  run,  lead  to  death.  At  poet-mortent 
the  liver  is  found  enlarged,  and  a  number  of  diverticula,  about  the  sis 
of  a  Jilbert  or  small  nut,  containing  hundreds  of  distomes,  are  discovered 
in  association  and  communicating  with  the  gall-bladder  and  bile-dueU 
Distomes  arc  also  found  free  in  the  bile-ducts  and  sometimes  in  ibe 
liuodenum.  Aroimd  the  diseased  bile-ducta«the  hepatic  tissue  is  atroph]«l 
0.  sinensis  measures  on  an  average  18  mm.  in  length   by  i  niTp.  in 

■  CabhoM  liaa  descri1>e<1  aa  nllied  but  Bpecific&lty  distinct  form  In  bilr-ilDct^  n!  r<-w 
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breadtii.      I'hough  somewhat  larger,  in  general  appearance  it  reaembles 

very  closely  0.  itorerca.     Unlike  this  form  it  has  no  epidermic  apines. 

In  the  preserved  state  the  measuremenW  are  10  to  14 

mm.  by  24  to  30  mm.     In  0.  sinmsis  the  oral  sucker 

(I'O)  is  larger  than  the  ventral  (0-6).     Other  points  of 

difference  will  be  readily  appreciated  by  comparing  the 

figures    of    these    liver    TrematodeB.      The    ova    of    0.    ^^^    ^^.,  _y      ^^ 

sineitsix  are   oval,  granular  with   a  double  outline,  and      0pii)ifiTri\Ufiiir7uii 

are  operculated ;    they  measure    0-027  mm.   by   0'016      Ltght"    ti^'w/'**in 

Further   than  that  it  is  occasionally   found  in  the 

domestic  dog  and  in  the  cat  nothing  is  known  of  the  life-history  of  this 

parasit«. 

viL  Oplsthorctais  fellneus  Biv.   1685. — (Synonyms:    Distotiia  amua 

Giirit  1(<31  i.uer  CrepHn  1S20),  5.  kmceoUUuiav.  Sieb.  1836  v.Tright  1889 
{iuc  Mehlia  1825),  D.  sihericiim  Winogr.  1892,  D. 
tenaico/fcMuhl.  1896. )^Thistrematode  has  a  yellowish- 
red,  transparent,  flattened  body,  with  a  rather  conical 
anterior  end.  Length  8  to  11  mm.,  breadth  1 '5  to 
2mm.  Eggs  with  opercida,  003  by  OOII  mm. 
.  This  is  a  common  parasite  in  the  gall-bladder  and 
bile-duct  of  cats  and  more  rarely  of  dogs,  but  it 
occurs  in  man  throughout  northern  Europe,  and 
is  perhaps  the  commonest  human  parasite  in  Siberia. 

Ita  life-history  is  unknown. 

viii.  Cotylogonimus    heteropbyes   (v.    Sieb.)    1852.  —  (Synonyms: 

Dialomum    kderopliyts    v.     Sieb.     1852,    Mesog<nimiiS    hekropkifi     Kaill 

1890,  CtKiio!imiimusheta-o/>hi/fs'Looisl900)  (Fig.  15i). 

— Tbis    exceedingly    minute    Trematode    was    first 

found  by  Bilharz  in  1851  about  the  middle  of  the 

small    intestine  of  Egyptians   in  Cairn ;    Looss  and 

Blanchard  have  also  described  caees.      It  occurs  in 

nuuses,  and  the  distomcs  look  to  the  naked  eye  like 

minute  red  pointsi     The  parasitic  nature  of  these  red 

points  is  a])parent  on  their  being  placed  under  the 

microscope.     The  individual  distumes  measure  about 

1-15     to    2    mm.  in    length    by   0-7  to    1    mm.    in 

breadth.     They  are  readily  diagnosed  liy  tlie  small-    1 

ness  of  their  size  and  by  the  character  and  position 

of  the  ventral  sucker,  which,  projxirtionately  speaking, 

is  unusually  large  (0'35  mm.),  and  is  located  slightly 

in  advance  of  the  middle  of  the  body  and  in  front 

of  the  sexuid  opening.    The  ova  (fl'03  by  O'Ol  7  mm.) 

have    a    thick,   reddish-brown  shell,   the    colour  of   1 

which  is  comnmnicated  to  the  entire  animal.  -iffrop-tf".    i^u-Kun. 

Nothing,  except  that  It  is  common  in  dogs,  is  known  of  the  life-history 

of  this  parasite,  nor  of  any  associated  pathological  condition. 
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ix.  Paragronimus  westermanl  (Kerb,)  It-TS. — (Uynonyiiis :  IM^v* 
icejfteriaani  Kerb.  1878,  D.  ringai  Cob>>.  1880,  D.  pulmonult  BirU 
1883,  i).  ptitiiwnis  Suga  lt*?3,  J/— 
ijonimus  tiestermani  Idnill.  1890)  (FiiR 
1&7  and  158). —This  disUnne  .< 
parasitic  in  the  lungs  of  nun  it 
Japan,  China,  C'orea,  and  Fonnoa. 
where,  in  particular  diatricU,  x  Urp 

«lji.°  '  ^1  P'^po'^tion  of  the  inhabiunu  m 
\ '  J.  ?'■  ^/  iiffected  with  the  peculiar  form  ii 
Vjo  ■  *<irry  hsemoptysis  to  which  it  give*  riie. 
Xl°-^  Hitherto  it  has  not  heen  dtiscriW 
as  occurring  in  man  in  any  mImt 
region ;  although,  seeing  that  il  ]m 
'.  been  found  in  the  tiger,  the  cat,  tit 
dog,  and  in  swine,  it  is  more  than 
probable  that  it«  geographical  naff 
is  not  limited  to  the  countries  mentioned.  Kecently  it  has  been  found 
in  both  the  cat  and  the  dog  in  the  United  States.     There  are  sonw 


(KBlBHlMO).   LlRbt      , 

r-low    to    TwWiali-    I 
wn     Id     colour. 


i€ 


grounds    for    the    opinion   that    it    is    a 
volcanic  soil. 


paraeite    of    countries  vitli  ' 
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/'.  icenUrnumi  is  from  8  to  10  mm.  in  length,  by  4  to  6  mm.  i!i 
breadth.  It  is  oblong  in  shape ;  very  thick  for  a  distome,  being  nearly 
circular  on  transverse  section  ;  leathery  in  consistency,  and  brownish-red  in 
colour.  The  ventral  sucker,  close  behind  which  is  the  genital  opening,  is 
placed  about  the  middle  of  the  junction  of  the  anterior  with  the  middle 
third  of  the  body.  The  eggs  (0*08  to  0*1  mm.  by  0-052  to  0*075  mm.) 
are  oval,  operculated,  brownish -red,  double  outlined,  and  filled  with 
gnuiular  contents,  the  embryo  being  not  yet  differentiated. 

The  mature  distomes  live  in  tunnels  or  burrows,  with  thick  connective- 
tissue  walls,  situated  principally  under  the  pleura  and  near  the  surface  of 
the  lung.  Those  burrows,  from  the  breaking  down  of  the  septa  between 
the  tunnels,  are  sometimes  converted  into  cyst-like  cavities,  which  may  be 
the  size  of  a  filbert.  These  cavities  communicate  with  the  bronchi  by  finer 
or  larger  sieve-like  openings  through  which  an  ova-laden,  rusty-coloured, 
viscid  muco-pus  escapes  into  the  air -passages.  This  secretion  excites 
cough  and  is  expectorated.  Several  distomes  may  inhabit  the  same 
burrow ;  as  many  as  twenty  have  been  found  in  one  lung.  F.  wesfermavi 
has  also  been  found  in  the  cortex  of  the  brain  in  two  cases  of  a  peculiar 
and  fatal  form  of  Jackson  ian  epilepsy ;  it  has  also  been  found  beneath 
the  peritoneum,  in  the  orbit,  and  in  the  scrotum.  It  is  evident  that  this 
parajsitc  is  very  apt  to  lodge  in  different  parts  of  the  body  and  away  from 
its  normal  habitat,  the  lungs. 

The  symptoms  of  paragonimiasis,  or  endemic  haemoptysis  as  it  is 
sometimes  designated,  are  a  chronic  cough  —  usually  worst  in  the 
morning,  a  persistent  pneumonic -like  spiitum  in  which  ova  abound, 
and  recurring  attacks  of  more  or  less  profuse  haemoptysis,  the  exact  and 
immediate  mechanism  of  which  has  not  yet  been  explained.  Little  can 
be  discovered  by  auscultation  in  the  earlier  stages ;  but  in  chronic  cases 
of  extreme  degrees  of  infection  signs  of  consolidation  and  perhaps  of 
cavity  may  be  made  out.  The  disease  lasts  for  many  years  and  may 
prove  fatal.  It  appears  to  be  incurable,  although  cases  have  been  met 
^with  in  which  the  patient  had,  after  many  years,  ceased  to  cough  and 
expectorate  the  characteristic  sputum. 

In  the  natives  of  countries  in  which  P.  nestemmni  is  endemic  the  con- 
currence of  pulmonary  paragonimiasis  with  cerebral  symptoms  ought 
to  suggest  the  probability  that  the  latter  are  depetident  on  the  presence 
of  trematodes  in  the  brain.  In  such  a  case,  if  the  symptoms  be  of  a 
focal  character  and  attributable  to  a  cortical  lesion,  the  propriety  of 
removal  of  the  parasite  by  surgical  means  might  bo  entertiiined. 

AVhen  the  ova  contained  in  the  sputum  are  well  washed  and  kept 
in  a  moderately  warm  room  in  fresh  water,  after  a  varia])le  time  of 
two  to  six  weeks,  according  to  temperature,  a  ciliated  miracidium  is 
developed  in  their  interior.  On  arriving  at  maturity  the  miracidium 
es<«.pes  into  the  water  by  throwing  back  the  operculum  at  the  broad  end 
of  the  shell.  It  is  probable,  therefore,  that  the  intermediate  host  of 
Parngifiiimus  is  a  fresh-water  animal.  Katsuradfi,  who  is  to  some  extent 
supported  by  Yamagiwa,  believes  that  the  young  enter  the  stomach  of 
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man  and  bore  through  the  intervening  tissues  until  they  reach  tb* 
lungs ;  this  is  little  more  than  conjecture.  Except  that  the  ova  h&tch 
out  in  water  nothing  is  really  known  of  the  life-history  of  this  important 
and  very  dangerous  parasite ;  this  point,  however,  is  of  practical  valw  a* 
indicating  the  direction  prophylactic  measures  should  take. 


Family  II.  Paramphistomldsd 

The  anterior  end  of  the  body  is  pointed ;  the  posterior  is  broad  ani 
hollowed  out,  and  on  the  hinder  end  of  this  hollow  is  the  ventral  sucker ; 
dorsal  to  this  the*  excretory  pore  opens  ;  intestinal  caeca  with  no  branchc?, 
the  pharynx  pushed  forward  and  usually  described  as  an  oral  sucker ; 
hermaphrodite. 

i.  Gastrodlseus  homlnis  (Lew.  and  McConn.)  1876.  —  (S^Tionnn 
Amphistamum  hominis   Lew.  and  McConn.)  (Fig.   159). — First  descnbe<l 

by  Lewis  and  McGonnell  from  specimens  found  in 
an  Assamese,  until  lately  this  parasite  appeared  to 
•  be  very  rare.  If,  however,  the  expression  "small 
distomes,"  used  by  Dobson  in  his  description  of 
the  trematodes  met  with  during  the  investigations 
already  referred  to  (p.  855),  applied  to  this 
parasite,  it  cannot  be  uncommon  in  India  and 
similar  climates.  It  is  thought  to  be  normally  a 
parasite  of  the  horse,  and  that  occasionally  it  finds 

^io;n!«t~'f^uckart'''      '^  ^^y  "^^  °^*°-     ^^  ^^®  ^^^  cases  from  which 

Lewis    and    McConnell    obtained    their    specimens 

the  parasite  occurred  in  hundreds,   and   was   found  adhering   with  it? 

posterior  sucker  to  the  mucous  membrane  of  the  csBcum,  appendix,  and 

ascending  colon. 

G.  Jiominis  is  very  minute,  measuring  only  5  to  8  mm.  in  length  U 
3  or  4  mm.  in  breadth  at  its  broadest  part — that  is,  across  the  posteriw 
sucker.  From  the  great  relative  breadth  of  the  last-mentioned  featuri' 
the  little  animal  looks  as  if  it  consisted  of  two  parts — of  a  disc  and  .i 
short  attached  handle.  At  the  end  of  this  short  handle  the  oral  sucker 
is  situated ;  between  this  and  the  posterior  sucker,  and  on  the  ventral 
surface,  the  genital  pore  maybe  made  out.  The  ova,  which  measure  Oi-'^ 
mm.  by  0*07  mm.,  have  a  firm,  operculated  shell. 

Nothing  is  known  of  the  life-history  of  the  pai*asite,  nor  of  the 
pathological  conditions  it  may  give  rise  to. 

ii.  Cladorehis  watsonl  (Conyngham)  1904. — (Synonym:  Atii}^*^ 
atomum  wafsoni  Conyngham  1904)  (Figs.  160  and  161). — This  panudt*' 
was  first  found  in  numbers  in  the  duodenum  and  upper  pirt  of  the 
jejunum  of  a  freed  slave  who  came  from  Adamawa  in  German  West 
Africa,  and  died  in  Northern  Nigeria.  Recent  information  would  seem 
to  indicate  that  this  parasite  is  extremely  common  in  certain  parts  of 
Northern    Nigeria,    especially   in    the   neighbourhood    of    I^ke  Chad 
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Cbililren  especially  ure  liable  to  infection  and  sometimes  die,  probably 
from  the  aasociated  antemia      As  regards  treatment,  we  have  no  positive 
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knowledge  of  any  specittc,  hut  it  is  probable  that  thymol  or  eucalyptus 
ofl  combined  with  purgatives  will,  ae  in  ankylostomiasis,  be  effectite. 
Its  normal  host  is  probably  some  herbivorous  mammal. 

P.   M. 

A.   E.   S. 


Family  III.  Schlstosomldce  Looss 

In  structure  i^aemhlidg  the  Fasciolidie,  but  bisexual. 
Sclilstosomum  hEematobium  (Bilbarz)  18.')2. — (Synonyms:  Diabnii 
htrmalobiiim  Bilharz,  DUluma  capense  Harley  1864.) 
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BILHARZIASIS 

By  F.  M,  Sandwith,  M.D.,  F.R.C.P. 

Synonyms. — Bilharzia  disease,  endemic  haematuria,  Egyptian  hsematoiu 

Definition. — A  chronic,  endemic  human  disease  of  many  Afriaa 
countries,  characterised  by  hsematuria,  cystitis,  rectal  irritation,  and  otber 
symptoms ;  in  young  females  the  vagina  and  uterus  may  be  invaded 
In  advanced  cases  there  are  many  serious  complications,  which  naj 
eventually  cause  ^he  death  of  the  patient.  The  symptoms  are  caused  by 
the  deposit  in  the  tissues  of  numberless  eggs  laid  by  the  SekiiimwiM 
hcvimitobium  worm. 

History. — It  is  probable  that  the  parasite  has  been  domiciled  in 
Egypt  for  hundreds  of  years,  because  the  natives  have  long  suffered  froa 
hi:ematuria  and  from  urinary  calculi  partly  due  to  this  cause.  We  kDOV 
that  in  1799-1801,  during  their  occupation  of  Egypt,  the  French  troop 
suffered  much  from  hsematuria  without  discovering  the  cause.  In  ISol, 
Bilharz,  in  Cairo,  first  found  that  Egyptian  hsematuria  was  due  to  the 
worm  which  is  often  named  after  him;  and  in  1864,  Dr.  John  Harier, 
in  London,  recognised  the  disease  in  persons  coming  from  South  Afrio. 

Bilharz  and  Griesinger  found  the  parasite  in  Cairo  in  32  per  cent  of 
363  autopsies ;  a  few  years  later,  between  1875  and  1883,  Sonsino  foond 
bilharzial  infection  in  46  per  cent  of  91  post-mortem  examinatioiu  ii 
Lower  Egypt;  and  Kaufmann,  in  1893,  recognised  the  parasite  in  33 
per  cent  of  500  autopsies  in  Cairo. 

Geographical  Distribution. — The  disease  is  nowhere  endemic  ia 
Europe ;  but  imported  cases  are  frequently  heard  of,  and  there  are  at 
least  two  instances  of  the  affection  occurring  in  England  in  individoali 
who  had  never  been  out  of  this  country.  Berkeley  Hill  reported  a  cMe 
of  a  woman,  aged  40,  admitted  into  University  College  Hospital  in  ISST 
suffering  from  hematuria  due  to  bilharziasis,  who  had  never  lived  oat  d 
the  county  of  Kent.  Major  Freeman  records  another  case  of  a  privatt 
soldier,  aged  24,  who  was  admitted  for  bilharziasis  to  the  Militarr 
Hospital  at  Colchester  in  January  1905  ;  it  was  impossible  to  disoov«r 
by  what  means  he  had  become  infected,  but  it  was  suggested  that  nriw 
from  some  unknown  patient  who  had  returned  from  South  Africa  wrtk 
bilharziasis  had  infected  the  barrack-room  in  which  this  soldier,  who  had 
never  been  out  of  England,  spent  some  days. 

In  Asia  the  affection  has  been  reported  from  the  Hedjaz  (Mecca). 
Arabia,  Syria,  Mesopotamia,  in  the  valleys  of  the  Tigris  and  Euphrates, 
Persia,  Mauritius,  and  the  West  Coast  of  India.  Sporadic  or  imported 
cases  have  been  known  in  Cyprus,  Penang,  and  Shanghai.  The  special 
Srhiittosamum  lately  discovered  in  Asia  is  dealt  with  on  page  881. 

The  bilharzia  disease  is  best  known  and  most  widely  distributed  ia 
Africa.     In  Lower  Egypt  the  worm  is  still  found  in  at  least  one-thinl 
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of  all  the  autopsies ;  in  Upper  Egypt  it  is  distinctly  less  common.  In 
the  Sudan  it  is  frequently  met  with  among  imported  Egyptians,  and  Dr. 
Balfour  has  recently  found  it  in  three  boys  who  had  never  been  out  of 
the  Sudan.  Sporadic  cases  have  been  reported  in  Arabs  from  Kassala, 
Darfur,  and  Kordofan,  while  the  disease  is  endemic  in  Tunis  and 
Algiers.  On  the  West  it  is  known  on  the  Gold  Coast,  in  Nigeria,  the 
German  Cameroons,  and  Angola ;  and  on  the  East  Coast  all  the  way  from 
Suez  to  the  Cape  of  Good  Hope,  especially  in  Abyssinia,  where  the 
Italian  troops  suffered  seriously  from  it  during  their  campaign,  Zanzibar, 
and  the  Mozambique  coast,  and  in  Madagascar.  In  Central  Africa  it  is 
endemic  in  Uganda,  British  Central  Africa,  and  the  Congo  State.  Looss 
found  in  1905  that  one  (the  youngest  boy,  aged  12)  of  the  six  pygmies 
brought  from  the  Ituri  forest  in  the  Congo  Free  State  had  bilharzia  eggs 
in  his  fajces,  but  not  in  his  urina  In  South  Africa  the  disease  is  well 
known  in  Delagoa  Bay,  Natal,  Port  Elizabeth,  Bloemfontein,  the  Trans- 
vaal, and  Kaffraria,  but  the  complications  are  fewer  and  less  serious  than 
in  i^vpt. 

Single  cases  have  at  rare  intervals  been  reported  from  Illinois  and 
other  parts  of  the  United  States,  and  Gunn  has  described  the  cases  of 
two  patients  who  came  from  Porto  Kico  and  had  resided  for  a  few 
months  in  the  Hawaiian  Islands :  in  both  these  patients  eggs  were  found 
in  the  fieces  only.  Sir  P.  Manson  has  reported  one  case  from  the  West 
Indies  in  an  English  resident. who  had  lived  in  several  of  the  islands ; 
in  this  patient,  and  in  Letulle's  case  from  Martinique,  the  rectum  only 
was  affected. 

Natural  History  of  the  Parasite. — The  best  account  of  the  life- 
history  of  the  worm  is  in  the  article  in  Mense's  Ilandlmch  der  Tropen- 
krankheiten,  by  Professor  Looss.  I  have  borrowed  freely  from  his  article, 
and  have  obtained  permission  to  use  three  of  his  drawings. 

The  Schistosomum  hvmdtohium  is  one  of  the  two-sexed  trematode  worms ; 

ihe  male  is  about  1  cm.  in  length,  and  to  the  naked  eye  looks  white  in 

colour  and  cylindrical,  but  tapering  at  each  end.     Under  the  microscope 

the  oral  and  ventral  suckers  are  to  be  seen  one  behind  the  other.     The 

body  of  the  male  is  closely  covered  with  small  tubercles,  and  behind  the 

ventral  sucker  there  is  an  opening  which  seems  to  lead  into  the  body, 

but  is  the  beginning  of  the  gyna3cophoric  canal.      This  is  formed  by  the 

folding  inwards  and  overlapping  of  the  lateral  parts  of  the  body,  which 

18  really  flattened  in  the  shape  of  a  leiif.      The  female  (2  cm.)  is  much 

longer  than  the  male,  so  that  part  of  her  body  often  protmdes  from  the 

eanal,  and  yet  she  sometimes  hides  herself  so  completely  within  it  that 

she   can  only  be  discovered  by  the  aid  of  the  microscope.     As   partly 

seen  in  Fig.  162,  only  the  upper  part  of  her  thread-like  body  is  white,  the 

lower  half  being  grey  and  traversed  by  a  dark  brown  zig-zag  stripe  which 

represents  the  intestinal  canal  filled  with  blood.     The  sexes  live  apart 

while  young,  but  directly  they  become  mature  the  female  enters  the 

gyiuecophoric  canal  of  the  male,  since  she  is  chiefly  dependent  on  him  for 

powers  of  locomotion.     The  worms  found  in  the  liver  are  always  young, 
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and  wlieii  couples  in  conjunction  are  seen  in  the  portal  rein,  whii'h  i.' 
their  principal  habitat,  the  female  has  very  few  eggs  in  her  utcnu.  aoJ 
those  eggs  aio  not  normal.  Billiarz  originally  found  coupled  wonm  m 
the  intestinal  veins  and  in  the  wall  of  the  bladder,  and  noti<«d  ibl 
the  females  in  the  bladder  contained  plenty  of  mature  eggs.  It  appon 
thei'efore,  that  complete  maturity  is  not  reached  until  the  worms  apprutcb 
the  veins  of  the  pelvis.     The  males,  starting  from  the  portal  vein  nrxt 


['la.  les.— Egn  or  dllhml  itei-.  ir 
uriDiry   dtpoiit,    th»    iwo  bj« 

df  viaUd  aplne.     Looaa. 


carrying  the  females  with  them,  make  for  the  submucous  tissue  of  tbt 
bladder  and  rectiim,  by  means  of  energetic  movements  of  their  stroM 
muscles ;  Looss  has  sometimes  seen  these  organs  so  rich  in  worms  till 
a  pair  may  be  found  iri  every  area  of  half  a  cm.  sqiiare.  The  eg^ 
are  deposited  liy  the  female  in  the  ^eins :  they  are  elliptical,  and  somfr 
what  pointed  at  each  end,  and  measure  on  an  average  008  by  0*03  mm. 
Segmentation  occurs  after  their  entry  into  the  tissues,  and  the  eg^ 
grow  until  they  are  about  0*1 1  to  01 2  mm.  long  and  0^04  to  0-05  no 
wide.  Their  thin  yellow  shell  has  iit  its  posterior  end  a  small  poiniel 
spine  j  but  often  another  form  of  egg  is  seen  with  a  coDsideTBbly  bistr 
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Bpiiie  lit  the  aide,  iitid  occasionally  eggs  arc  met  with  which  ha\e  no  6j)ine 
At  nil.  Kggs  witli  a  terminal  spine  arc  usually  found  in  the  urine,  while 
in  the  fraces  Uterd-spincd  eggs  are  often  present,  but  this  is  not  a 
universal  nile.  Sir  P.  Mansoii  has  suggested  that  two  species  of  the 
parasite  probably  exist,  one  j)roductng  eggs  with  terminal  spines,  and 
the  other  oggs  with  latei'al  spinen,  the  latter  being  a  worm  frei|iieuting 
the  hemorrhoidal  vessels.  In  supjiort  of  this  conjecture  he  adduces  the 
fact  that  the  only  cases  of  bilharziasis  hitherto  reported  from  the  West 
Indies  have  been  patients  with  rectal  symptoms  with  lateral -spined  ova 
in  theii-  fseces.  If  the  disease  should  eventually  be  shewn  to  be  common 
ill  the  West  Indies  it  will  certainly  ho  interesting  to  try  to  discover 
why  the  urinary  form  of  the  disease,  associated  with  terminal -spined  eggs, 
is  not  also  present.  It  is,  however,  more  probable,  iis  Looss  has  sug- 
gested, that  the  e^iiB  with  the  lateral  spines  are  abnormally  foi'med 
specimens.  Like  Bllharz,  he  baa  found  them  chiefly  in  isolated  females, 
and  he  suggests  that  it  is  only  the  immature  females  who  lay  eggs  with 
lateral  spines,  and  that  these  are  malformed,  from  mechanical  reasons,  in 
the  uterus. 

The  eggs  are  expelled  from  the  uterus  before  the  worms  i-each  the 
capillaries,  at  some  time  during  their  journey  from  the  portal  vein  to  the 
pelvic  veins,  and  are  mostly  carried  along  by  the  blowl ;  though  a  few, 
especially  those  with  latei'al  spines,  may  remain  in  some  organ  such  as 
the  liver.  When  once  the  worms  have  reached  the  capillaries  of  the 
pelvic  organs,  most  of  the  eggs  are  held  fast  by  the  pres-sure  of  sur- 
rounding tissues  to  the  spot  where  they  were  first 
.deposited,  and  therefore  bilharziasis  is  originally  a 
local  manifestation.  The  eggs  are  squeezed  together 
by  the  contracting  muscles  of  the  bladder  or  rectum, 
and  penetrat«  into  the  tissues  until  they  reach  the 
surface,  and  are  expelled  with  the  excreta.  Those 
with  a  lateral  spine  cannot  proceed  in  a  straight  line  w-^_J 
because  of  their  misplaced  steering  apparatus,  and 
they  therefore  tend  to  collect  in  the  tissues,  especially 
in  the  bladder.  If  all  tbe  eggs  escaped  with  the 
excreta,  there  would  be  few  symptoms  and  almost 
no  complications.  Many  eggs  die  during  their  pro-  F/.— 
cess  of  development,  and  therefore  they  vary  in  size 
according  to  the  stage  of  growth  at  which  they  have 
arrived  before  their  death ;  but  when  living  eggs 
are  passed  in  the  urine  or  fieces  of  a  patient  they  mini:  n.iniciiiium.  I'r, 
generally  contain  a  ripe  ciliated  embryo,  which  is  j'«,"i'rpl'anal^  wu^j.^tK 
known  as  the  miracidium.  The  mii-acidium  will  not  "j"ni"ii  «vity,  aw. 
hatch  from  the  egg  in  mine,  but  if  fi-csh  water  bo  thr-  "^  g.?rii.tiiBi  ™ik 
added  to  the  slide  it  emei^es  from  the  egg  in  a  ■'™*' 
fevr  minutes,  in  warm  weather,  and  swims  about  very  rapidly  by  means 
.of  its  cilia.  But  although  water  of  a  certain  warmth  is  obviously 
■essential  for  the  life  of  the  miracidium,  no  one  has  yet  succeeded  in 
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keeping  it  alive  •  for  longer  than  30  or  40  hours,  and  all  experi- 
ments made  with  the  object  of  transferring  it  to  molluscs  and  other 
animals  which  might  possibly  act  as  intermediary  hosts,  have  so  ur 
failed. 

Infection  of  Man. — By  the  analogy  of  other  trematode  womw,  it 
has  for  years  been  supposed  by  most  writers  that  the  miracidium  must 
enter  some  animal  as  yet  undiscovered,  arrive  at  the  human  stomach 
with  unfiltered  drinking-water,  and  then  develop  into  bilharzia  worms. 
Now  bilharziasis  is  such  a  widely  spread  disease  in  Lower  Egypt  that  it 
is  fairly  obvious  that  if  any  intermediary  host  exists  it  cannot  be  anr 
creature  of  great  rarity,  and  systematic  search  among  the  molluscs  of  the 
Delta  has  so  far  yielded  no  trace  of  any  developmental  stages  of  the 
Schistosomum.  Looss  has  long  argued  that  the  miracidium  enters 
directly  into  man ;  and  he  excludes  the  possibility  of  entry  by  the 
mouth  in  drinking-water,  because  the  embryo  cannot  live  for  one  minute 
in  a  solution  of  1  :  1000  hydrochloric  acid,  nor  for  three  minutes  in  a 
solution  of  1:2000.  The  acidity  of  the  human  stomach  is  said  to  he 
4  :  2000  (2  per  cent),  so  that  it  does  not  seem  possible  for  the  miracidium 
to  emerge  alive  from  the  human  stomach,  if  it  ever  gets  there.  The 
infection  of  man's  stomach  directly  by  the  miracidium  is  a  notion  which 
should  be  abandoned.  It  has  been  seriously  suggested  by  several  writers 
that  entry  can  occur  by  the  urethra  or  rectum,  but  there  is  no  evidence 
in  support  of  this. 

There  remains  for  discussion  the  mode  of  entrance  by  the  sldn,  in 
which  Looss  is  a  firm  believer.  It  was  long  ago  suggested  as  the 
possible  explanation  of  the  fact  that  bathers  are  especially  attacked  bj 
this  disease ;  and  as  men  and  boys  bathe  in  South  Africa  (as  in  most 
other  countries)  more  commonly  thjin  girls,  it  was  thought  by  Drs. 
J.  Harley,  Brock,  Felkin,  and  others  that  this  difference  in  their  habits 
might  account  for  the  comparative  immunity  of  the  female  sex.  It  is 
quite  possible  that  those  who  believed  that  bathing  caused  the  disease 
were  right. 

It  has  long  been  known  that  it  is  chiefly  male  earth-workers  in 
country  districts  who  suffer  from  the  disease,  while  in  towns  it  is 
espQcially  the  children  who  seem  to  be  infected.  This  quite  con- 
firms  the  view  that  the  parasite  may  enter  by  the  skin,  for  in  Egypt 
we  find  that  in  the  poorest  classes  of  peasants,  where  men  and 
women  work  together  in  the  fields,  both  sexes  are  apt  to  suffer  equally 
from  bilharziasis.  When  we  examine  those  who  are  less  poor,  so  that  onk 
the  men  are  obliged  to  work  on  the  land,  the  latter  still  suffer  from  the 
disease  in  much  the  same  ratio  as  their  poorer  brethren,  but  the  disease 
becomes  rare  among  their  women.  Ascending  still  farther  in  the  social 
scale,  we  find  that  in  small  landowners,  clerks,  and  others  not  personally 
engaged  in  agricultural  labour  bilharziasis  becomes  rare  even  among  the 
men  (Talaat).  Yet  for  all  these  three  classes  in  country  districts  and  for 
both  sexes  the  drinking-water  is  the  same,  unfiltered,  direct  from  the 
Nile  or  from  Nile-water  in  a  canal.     This  looks  as  if  drinking-water  had 
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notliing  to  do  with  the  problem,  and  as  if  the  causation  were  dependent 
upon  the  amount  of  skin  surface  of  the  individual  exposed  to  the  water. 
Critics  object  that  the  embryo  is  incapable  by  its  formation  of  entering 
the  human  skin ;  but  it  is  known  that  the  miracidia  of  other  trematodes 
succeed  in  penetrating  the  skin  of  various  molluscs  and  then  reach  the 
liver.  At  present  the  hypothesis  of  skin  penetration  is  not  proved, 
because  one  hesitates  to  submit  a  volunteer  to  the  risk  of  contracting 
A  disease  the  cure  of  which  is  not  known,  but  it  seems  evident  that 
the  bilharzia  miracidium,  when  it  does  succeed  in  entering  the  Human 
body,  must  get  to  the  liver ;  for  this  is  the  only  organ  where  very 
young  worms  are  found,  and  it  seems  clear  that  they  disperse  from 
the  nursery  in  the  liver  to  other  parts  of  the  body.  AVhen  they  have 
reached  maturity,  the  worms  enter  the  large  branches  of  the  portal 
vein,  join  sexually,  and  travel  on  to  the  veins  of  the  pelvic  organs,  where 
they  lay  their  eggs.  Some  coupled  pairs  probably  go  astray  on  the  way 
And  lay  their  eggs,  thus  accounting  for  isolated  bilharzia  tumours  in 
unusual  places  (Looss). 

It  is  only  natural  that  the  hypothesis  of  infection  through  the  skin 
should  have  found  more  believers  among  workers  in  Egypt  since  we  have 
watched  the  successful  development  of  Looss's  experiments,  which  have 
satisfactorily  proved  that  the  larvse  of  Ankylostomum  duodencde  can  enter 
the  skin  of  man,  and  that  other  allied  species  do  penetrate  the  skin 
of  man  and  animals.  For  the  hypothesis  of  infection  by  the  skin  of  the 
bilharzia  miracidium  it  is  only  necessary  that  liquid  mud  or  water, 
fouled  by  living  eggs,  should  remain  for  a  little  while  in  contact  with  the 
human  skin.  In  Egypt  the  middle-class  and  poor  children  of  both  town 
And  country  districts  become  affected  because  they  play  in  small,  dirty 
ponds  where  infection  becomes  easy  if  one  of  them  urinates  bilharzia  eggs 
into  the  water,  an  event  which  constantly  happens.  But  among  adults  it 
is  chiefly  the  country -dwellers  who  suffer,  partly  because  the  town 
children,  as  they  grow  older,  wear  boots  and  cease  to  ])addle  in  the 
ponds,  and  therefore  run  less  risk  of  re-infection,  and  their  hsematuria 
slowly  disappears.  The  country  children,  on  the  other  hand,  develop 
into  peasants  who  work  bare  -  footed  in  groups  on  the  constantly 
irrigated  land,  where  re-infection  may  often  occur. 

The  ponds  (birkei  is  the  Egyptian  name  for  the  village  pond),  seen 
in  every  village  in  Lower  Egypt,  require  some  description  for  those 
who  do  not  know  the  habits  of  Orientals.  To  escape  from  the  Nile 
flood,  which  occurs  every  summer,  the  villages  are  artificially  raised  on 
mounds  of  earth,  and  as  the  country  is  quite  flat  there  results  from  this 
digging  a  shallow  depression,  which  at  the  time  of  inundation  is  filled 
with  water,  and  then  serves  as  a  bathing-place  for  children  during  the 
hot  months.  This  stagnant  pond  exists  during  most  of  the'  year,  en- 
couraged by  the  villagers,  in  spite  of  all  sanitiiry  regulations,  because  they 
find  it  convenient  to  water  their  cattle  in,  and  because  they  employ  the 
shelving  banks  of  the  pond  to  defecate,  urinate,  and  pei^form  their  a])lutions. 
J^Iany  of  them  drink  water  direct  from  these  ponds,  but  I  have  already 


870  SYSTEM  OF  MEDIC  J NE 

stated  that  I  do  not  believe  in  the  introduction  of  this  parasite  by  the 
stomach. 

Zoology. — Cobbold  found  a  Schktosomum  in  a  sooty  monkey  (Vef^- 
jnthecus  fuliginoma)  from  Africa,  which  died  in  London  in  1857  ;  and 
though  he  described  it  as  BilJuirna  magna,  it  is  now  believed  to  have 
been  a  specimen  of  Schistosomum  hivinatohiuvi. 

Sonsino,  in  1876,  discovered  a  similar  trematode  {Schistoimwi 
boas)  in  the  portal  vein  of  a  three-year-old  bull  at  Zagazig  (Eg^-pt) :  he 
found  35  living  worms,  the  female  lying  in  the  male  gy naecoph«nc 
canal,  and  appearing  like  a  thread  of  black  silk  at  each  extremity.  The 
males  were  somewhat  broader  than  the  human  species ;  the  eggs  were 
spindle-shaped,  and  contained  no  miracidium.  This  worm  has  since  been 
found  by  Dr.  Symmers  in  cattle  from  the  Sudan,  and  is  said  to  exist  ia 
75  per  cent  of  the  sheep  in  Sicily. 

Mr.  Montgomery,  a  veterinary  officer  in  India,  found  in  1 905  what 
is,  perhaps,  a  new  species,  the  Schistosomnm  indiaim,  in  one  donkey  and 
several  horses  living  in  the  hills  and  on  the  plains.  Since  then,  in  a 
private  letter,  he  states  that  every  careful  autopsy  upon  a  horse,  sheep, 
or  ox  at  Lahore  shewed  adult  worms  or  the  long  spindle-shaped  e^  of 
this  parasite  in  the  rectum  or  colon.  This  tends  to  shew  that  bilhandasb 
in  animals  at  least  is  common  in  some  parts  of  India. 

Etiology. — Age, — The  disease  is  unknown  in  infants,  but  may  be 
found  in  males  at  any  age  from  4  to  70.  Three-fourths  of  the  cases 
which  come  to  Egyptian  hospitals  are  between  15  and  45  years  of  age. 

Sex. — It  is  rare  in  females,  always  excepting  little  girls  and  peasant 
w^omen,  who,  like  the  men,  work  bare-legged  on  the  flooded  land.  In  in- 
vestigating the  question  of  sex,  Mr.  F.  Milton  found  that  out  of  a  total 
of  1346  hospital  cases  in  Cairo  over  94  per  cent  were  males,  but 
that  the  relative  proportion  of  cases  under  puberty  was  9  males  to 
1  female,  while  after  the  age  of  puberty  there  were  20  males  to 
1  female.  This  striking  difference  in  ratio  can  be  explained  by  remember- 
ing that  when  the  girls  reach  puberty  they  are  much  more  confined  to 
the  house,  or  only  work  on  dry  fields,  and  are  thus  preserved  from  the 
re-infection  which  attacks  males. 

Puices. — All  are  liable,  but  Europeans  in  Egypt  rarely  contract  the 
disease,  excepting  a  few  bare-footed  Greeks  who  lead  the  same  kind  <•{ 
lives  as  the  poorer  Egyptians.  In  South  Africa  the  Colonial  and  Dutch 
boys,  who  paddle  and  bathe,  are  by  no  means  exempt,  but  the  disease  i» 
extremel}'  rare  there  in  girls,  who  do  not  enter  the  water. 

Ocrnpation. — In  the  towns  the  patients  are  chiefly  children,  or  a«lultp 
employed  as  road  l.ibourcrs  and  gardeners,  while  in  the  country  districts 
the  patients  arc  either  peasants  or  ex-peasants.  In  order  to  ascertain 
what  proportion  of  the  male  population  in  Egypt  suffers  from  bilharziasi^s 
the  urine  of  100  consecutive  patients  admitted  for  all  diseases  to  the 
mediail  wards  of  Kasr  el  Ainy  Hospital  was  specially  examined  hr 
the  microscope,  and  no  less  than  35  were  found  to  pass  bilharrJ* 
eggs,    though   only   two   patients   complained   of  any  symptoms  of  the 
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diseiwe  (F.  Milton).  In  a  school  of  1 2'^  boys  near  Cairo,  76  per  cent  had 
bilharzia  eggs  in  their  urine,  though  they  all  professed  to  l>e  perfectly 
well  (Kantaky). 

ClinmU  and  Season. — The  land  in  Lower  Egj'jjt  is  flooded  (luring  the 
late  smnmer  and  autumn,  and  probably  infection  occurs  during  the  early 
winter  months,  In  the  following  summer  and  autumn,  after  an  inouba- 
tion-period  of  al>out  three  months,  and  some  months  more  for  the 
development  of  symptoms,  patients  apply  for  treatment.  The  prevalence 
of  the  disease  in  Lower  Egypt,  as  uontrastcd  with  Upper  Egypt,  is  prob- 
ably because  the  former  la  supplied  with  water  by  irrigation-canala  practi- 
cally all  the  year  round,  while  in  Upper  Egypt  the  peasants  get  water 
for  their  crops  ouly  at  the  time  of  the  Nile  Hood,  and  therefore  have  a 
very  much  shorter  periotl  of  time  during  which  infection  and  re-infection 
may  take  place.  It  is  perhaps  the  absence  of  a  constant  water-supply 
which  accounts  for  the  comparative  mildness  of  the  disease  in  South 
Africa.  The  disease  is  presumably  limited  to  warm  countries  because  the 
miracidium  is  killed  by  expiiisure  to  cold. 

Varieties  of  the  Disease. — An  analysis  of  930  bilharzia  cases  tu  one 
year  at  Kasr  el  Ainy  Hospital,  among  both  in-patients  and  out-patients, 
provides  the  following  percentages :  bilharzia  alTecting  the  bladder  alone, 
64  per  cent;  bladder  cases  complicated  by  vesical  calculus,  14;  urinary 
fistulee,  14  ;  bilharzia  of  rectum  and  geneiiil  bilharziasis,  5  per  cent ;  the 
remaining  3  |icr  cent  were  cases  in  which  the  patients  died  of  other 
diseases,  but  bilharzia  worms  wei-e  found  in  their  portal  system. 

HOFbld  Anatomy. — At  an  autopsy  the  inflltration  of  tissues  by  the 
eggs  can  be  best  seen  in  the  urethra,  bladder,  ureters,  rectiun,  and,  more 
rarely,  the  liver.  In  tlic  iirrlhm  there  may  be  small  sandy  patches  due  tu 
deposited  eggs  followed  by  flbrosis,  but  the  moat  common  lesion  is  fistula. 
As  regards  the  origin  of  the  fistula,  there  is  only  1  springing  fi'om  the 
floor  to  20  arising  in  the  I'oof  or  the  pnbic  side  of  the  urethra.  It 
is  quit«  possible  to  meet  with  a  bilharzial  lesion  in  the  glans  penis  or  in 
the  perineum,  which  may  surround  the  urethra  without  the  urethra  itself 
being  primarily  affected.  In  the  more  common  variety  of  fistula  no 
stricture  occurs,  though  the  urethra  may  be  converted  into  a  hard,  thick, 
twisted  lube ;  but  a  perineal  fistula  sometimes  causes  a  stricture. 

The  best  known  and  perhaps  most  severe  lesion  is  in  the  hladiler, 
Griesinger's  original  description  of  which  is  excellent.  The  earliest 
changes  in  the  mucous  membrane  consist  of  spots  of  hypeneniia.  There 
are  many  small  extravasations  of  blood,  the  mucous  membrane  at  these 
places  being  somewhat  swollen  and  often  coated  with  mucus,  which  con- 
tains quantities  of  tbe  ova.  Sometimes  the  entire  mucous  membrane 
shews  marked  injection  and  ecchymoses,  but  usually  the  change  is  limited 
to  small  spots  of  varying  size,  particularly  about  the  trigone.  Later, 
there  may  be  greyish-yellow,  yellowish,  or  dull  white  elevations  of  the 
mucous  membrane,  mingled  with  spots  of  pigment ,  or  occasionally  smooth, 
leather-like  patches  beneath  thf  muci^B  membrane,  that  look  as  if  they 
had    been   steeped    irj    spirits   of   wine       In  ulhei    cases  the  coating  is 
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permeated  with  urinary  salts  or  a  firm  sand  consisting  of  eggs  or  egg- 
shells. It  is  impossible  to  remove  these  patches  without  peeling  off  souk 
of  the  mucous  membrane.  Occasionally  other  patches  are  very  soft  m\ 
friable,  and  partly  mixed  with  extravasated  blood.  All  these  change* 
are  caused  by  extravasation,  inflammation,  and  fibrosis  around  the  egp 
blocking  the  capillaries.  When  the  blood-supply  becomes  deficient  ibe 
patches  slough,  causing  ulcers  and  crevices. 

In  other  cases,  however,  the  appearances  are  quite  different :  for  oo 
the  mucous  membrane  there  are  single  or  multiple  excrescences,  varying 
in  size  from  a  pea  to  a  bean,  and  yellowish  in  colour,  resembling  condy- 
lomas. As  a  rule,  their  condition  is  such  that  the  mucous  membnoe 
over  them  is  unchanged,  except  that  it  is  somewhat  thicker  than  normal 
Occasionally  the  excrescences  are  dark  red  throughout,  and  the  l)ody  d 
the  prominence  is  formed  of  the  swollen  submucous  tissue,  while  there 
are  innumerable  transitions  from  flat  sessile  patches  to  elevated  fiingoid 
protrusions.  The  protrusions  are  the  result  of  the  living  worms,  whidi 
may  sometimes  be  found  in  situ,  whereas  the  condition  I  have  fint 
described,  like  most  of  the  pathological  appearances,  is  caused  by 
the  eggs. 

In  the  Museum  of  the  Royal  College  of  Surgeons  of  England  there  n 
the  best  bilharzia  specimen  I  have  ever  seen  of  a  bladder,  taken  from  i 
peasant,  aged  25,  who  died  in  the  Alexandria  Hospital.  The  kidneyj 
were  large,  shewing  several  cysts,  and  contained  ammoniacal  urine,  while 
the  pelves  and  calyces  were  greatly  dilated.  The  ureters  were  thickened, 
and  so  dilated  as  to  measure,  in  the  collapsed  condition,  1  *5  cm.,  but  their 
mucous  membrane  was  intact.  The  walls  of  the  bladder  were  3  cm.  thick, 
and  in  its  cavity  there  was  a  calculus  the  size  of  a  nut,  besides  two  small 
calculi  buried  in  the  thickened  walls.  A  fourth  calculus,  at  the  lower  end 
of  the  loft  ureter,  was  discovered  at  the  Museum  after  I  brought  the 
specimen  home.  Eggs  could  be  found  on  section  almost  everywhere?  in 
the  bladder  and  ureters. 

The  pathological  changes  in  the  ureters  are  very  similar  to  those  in 
the  bladder.  Sandy  patches  may  be  seen  at  several  spots,  but  chiefly 
near  the  openings  of  the  ureters  into  the  bladder.  In  old-standing  cases 
annular  deposits  of  eggs  may  so  narrow  the  calibre  of  the  tube  that  the  ■ 
finest  sound  can  hardly  be  passed  through  it ;  the  natural  consequence  d 
which  is  a  dilatation  of  the  upper  two-thirds  of  the  ureters,  which  expand 
until  they  resemble  a  piece  of  a  child's  intestine. 

Eggs  are  seldom  found  in  the  kidney^  and  the  changes  in  this  organ 
depend  chiefly  upon  the  amount  of  obstruction  to  the  flow  of  the  urinf. 
Especially  when  a  calculus  is  present,  or  has  been  present,  the  pelvis  and 
calyces  gradually  stretch  until  hydronephrosis  or  pyonephrosis  occur,  an'l 
in  the  worst  cases  the  kidney  is  changed  into  a  thin-walled  bag  of  pusi 

The  rectum  is  sometimes  affected  when  the  urinary  passages  are  quite 
free,  and  here  agjiin  the  fibrous  thickening  or  the  polypoid  growths  mA} 
predominate.  But  the  latter  condition  is  much  more  common.  In 
early  cases  there  is  a  general  thickening  of  the  mucous  membrane,  which 
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is  too  red  in  colour  and  finely  granular,  bleeding  easily,  and  bathed  in 
mucus,  while  the  sphincter  is  somewhat  relaxed.  In  advanced  cases 
there  are  polypoid  growths  occurring  at  intervals  in  the  rectum,  and 
extending  throughout  the  whole  length  of  the  great  intestine.  In  one 
case  at  Kasr  el  Ainy  the  lower  six  inches  of  the  small  intestine  were  also 
affected. 

The  liver  becomes  the  seat  of  bilharzial  cirrhosis,  and  its  surface  pre- 
sents a  peculiar  appearance  to  the  naked  eye,  due  to  white  markings  of 
increased  connective  tissue  shewing  through  the  capsule,  and  a  number 
of  perihepatic  nodules  projecting  from  the  capsule,  oif  which  they  are 
distinct  growths.  On  section,  the  liver  shews  an  enormous  increase  of 
new  white  fibrous  tissue,  so  that  its  cut  surface  looks  as  if  a  number  of 
-white  clay-pipe  stems  had  been  thrust  at  various  angles  through  it.  The 
parenchyma  of  the  liver  is  homogeneous  in  appearance,  and  has  a  peculiar 
drab  colour  which  contrasts  very  markedly  with  the  pinkish-while  of  the 
new  fibrous  tissue.  There  is  no  prominence  of  the  hepatic  lobules  nor 
retraction  of  the  capsule,  as  seen  in  other  forms  of  liver  cirrhosis.  Micro- 
scopically, there  is  a  great  increase  of  the  periportal  connective  tissue  of 
the  sublobular  and  larger  portal  canals,  the  fibres  of  which  are  mostly 
wavy  and  parallel,  but  here  and  there  arranged  concentrically  and  sur- 
rounding ova.  The  eggs  found  in  the  liver  consist  usually  only  of  the 
shell  with  lateral  spine ;  none  are  seen  lying  free  among  the  hepatic  cells, 
nor  any,  usually,  in  the  larger  blood-vessels  which  permeate  the  new 
cirrhotic  tissue.  The  whitish  nodules  on  the  surface  of  the  liver  consist 
of  fibrous  tissue  containing  eggs  (Symmers). 

The  portal  vein  should  always  be  opened  to  see  if  it  contains  any 
worms.  Sometimes  none  will  be  found,  or  only  two  or  three,  but  at  other 
times  each  teaspoonful  of  blood  may  contain  30  worms,  and  in  one  of 
my  cases  436  were  found  in  blood  from  the  liver.  The  best  method 
of  searching  for  this  parasite  is  to  slit  open  the  vein  by  longitudinal 
incision,  and  scoop  out  the  blood  with  a  teaspoon  before  the  liver  is  re- 
moved from  the  body.  The  liver  can  afterwards  be  cut  into  small  cubes, 
and  washed  in  saline  solution  while  pressing  the  cubes  with  the  hands. 
The  worms  are  easily  seen  by  receiving  the  blood  in  a  glass  dish  or  a 
black  tray.  They  may  also  be  found  in  other  veins,  such  as  the  inferior 
▼ena  cava  and  the  common  ilijic. 

Eggs  have  been  found  in  the  lung  but  rarely,  for  apparently  the 
worms  only  migrate  there  when  they  have  lost  their  way.  Dr.  Symmers 
found  a  pair  of  living  worms,  coupled,  in  the  blood  of  the  lung.  I  have 
made  many  unsuccessful  attempts  to  find  eggs  in  the  sputa  of  bilharzia 
patients. 

Fibrous  nodules  on  the  outside  of  the  spleen  have  been  found  to  con- 
tain eggs,  and  they  have  also  been  seen  in  the  seminal  vesirles  and  prostate. 
Eggs,  when  carefully  looked  for,  have  been  found  several  times  in  the 
neighbourhood  of  the  venniform  appiendix,  and  one  case  has  been  reported 
in  which  they  were  confined  to  this  reji^ion,  being  absent  from  both  rectum 
and  bladder.     In  females  between  the  ages  of   10  and  25,  the  broad 
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ligament,  vuIvd,  vagina,  and  cervix  of  the  iitenis  may  lie  affected,  a 
shewn  in  Figs.  165  and  166,  Dr.  Symmere  found  a  tninour,  about  tb 
size  of  a  pigeon's  egg,  growing  in  conneiciou  with  the  ovary  and  linmd  lip- 
ment  of  a  child  four  ya&Ts  of  age.  The  tumour  consisted  of  fibrous  liasM 
arranged  concentrically  round  hilli.arzial  eggs  or  ef^-aheils.  The  diU 
shewed  no  other  evidence  of  biiharziasis.  I  have  only  seen  one  cue  in 
which  the  female  urethra  was  attacked. 

Among  the  rarei-  sites,  U^-ing  worms,  conpled,  have  been  found  in  tie 
polypoid  growths  of  the  rectum,  descending  colon,  and  in  outgrowtlu  frnn 
the  intestinal  peritoneum.  Eggs  have  occasionally  been  discovered  in  lb 
skin,  but  only  in  warta  on  the  perineum ;  sometimes  in  the  mraeoUric 
glands ;  in  the  blocnl  of  the  heart  (Griesinger) ;  in  the  pancreas  and  in 
the  stomiich  (fioebel) :  Mr,  F.  Milton  found  them  in  a  ojiac  of  muitipir 
superficial  sinuses  in  the  sacral  region  of  a  boy  who  had  apparaillj 
no  infection  in  bis  rectum  or  bladder,  and  Dr.  Madden  lias  repodaf 
hilharzial  infection  of  the  omentum  and  parietal  peritoneum. 

Symptom B.-^The  incubation  is  uncertain,  but  seems  to  vaiy  frw 
three  to  six  months :  it  is  difficult  to  fix  it  with  any  accuracy,  for  tbt 
parasite  is  sometimes  present  in  the  human  body  for  six  niontha  or  looker 
without  proilucing  any  symptoms.  Slight  hfematuria  Is  the  fim  ogn 
which  attracts  the  attention  of  the  male  patient,  but  in  the  ffA  lUt 
symptom  may  be  confused  with  disordered  menstruation.  Staint  m 
first  noticed  on  clothes,  and  then  a  few  drops  of  blood  arc  pasaed  at  (be 
end  of  urination.  This  hicmorrhage,  with  a  slight  pricking  sensation  it 
the  prepuce  or  at  the  root  of  the  penis,  is  almost  diagnostic  of  the  dian*, 
and  is  caused  by  the  conti'acting  bladder  at  the  end  of  urination  bun^ 
some  of  the  capillaries  filled  with  the  sharp-spined  eggs.  At  an  •wlf 
stage  of  the  diae.iae  the  urine  passed  before  the  final  contraction  of  litf 
bladder  is  quite  normal ;  but  if  the  after-coming  blood  bo  examiued.  or  i 
the  whole  of  the  urine  bo  centrifuged  or  allowed  to  stand  in  a  eataoA 
vessel,  the  microscope  reveals  red  blood-cells,  leucocytes,  epithelial  C«0». 
and  biihar^ia  eggs  entangled  in  mucus.  The  htematuria  is  increased  sfuf 
any  excess  of  fatigue,  eating,  or  alcoholic  drinking,  or  aft«r  any  injury 
such  aa  a  fall.  Riding,  running,  bicycling,  and  walking  longdistaitcwurs 
all  bad.  The  individual  next  finds  micturition  more  frequent,  a  Ut^ 
l)ack-4kche,  and  general  lassitude,  but  in  countries  where  the  diseu*  '» 
endemic  such  indistinct  symptoms  ne\'er  cause  the  patients  to  seek  asdinl 
advice. 

It  may  again  be  pointed  out  that  the  adult  parasites  are.  so  f or  u  m 
know,  harmless  in  themselves ;  it  is  the  elimination  of  the  thousands  iif 
eggs  deposited  by  each  female  which  produces  the  symptoms  and  oo»- 
plications  of  this  disease.  The  hmmaturia  can  of  course  only  lie  aasA 
by  deposit  of  eggs  in  the  mucous  meralirane  of  the  blatkler,  while,  if  thi 
deposit  is  in  the  rectum,  the  symptoms  will  be  mistaken  by  the  |Mtiet)t| 
iind  perhaps  by  the  medical  attendant,  for  those  of  piles  or  Uysvotery. 

An  intelligent  patient,  ou  being  cross-examined,  can  generally  deambt 
Bome  local  pain  or  discomfort,  though  the  site  %'aries  :  it  is  sometimes  ftll 
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ill  the  buttocks,  the  front  of  the  thighs,  or  the  perineum,  and  in  more 
advanced  cases  there  is  generally  distinct  pain  in  the  inguinal,  hypo- 
gastric, and  sacral  regions. 

The  symptoms  of  vesical  irritation,  gradually  going  on  to  cystitis, 
are  increasing  frequency  of  micturition,  a  feeling  of  not  having  emptied 
the  bladder,  scalding  and  pain  in  the  perineum  and  in  the  lumbar  region. 
Simple  cystitis  occurs  when  the  mucous  membrane  of  the  bladder  has 
become  thickened  by  the  deposit  of  eggs  in  raised  sandy  patches  with 
early  fibrosis.  Infective  cystitis  is  a  common  complication,  being  the 
result  of  micro-organisms  which  have  been  introduced,  with  or  without 
instruments,  from  the  urethra  into  the  bladder;  for  when  once  the 
bilharzia  patches  in  the  bladder  have  l)ecome  large,  there  is  no  complete 
contraction  of  this  organ,  and  therefore  the  urine  constantly  dribbles. 
In  the  final  stages  numerous  papillomas  in  the  bladder,  with  sloughing 
from  their  ulcerated  surfaces,  may  cause  such  severe  tenesmus  that  the 
patient  can  only  get  relief  by  grasping  the  root  of  his  penis.  In  adult 
patients  an  enlarged  prostate  adds  to  all  their  troubles. 

The  early  symptoms  of  rectal  cases  are  an  increased  secretion  of 
mucus  and  some  straining,  followed  by  relaxation  of  the  sphincter  and 
prolapse,  due  to  the  formation  of  papillomas.  When  the  mucous  membrane 
near  the  sphincter  is  infiltrated  with  patches  of  eggs  and  fibrosis,  the 
symptoms  are  suflSciently  like  chronic  dysentery  to  deceive  those  un- 
acquainted with  the  two  diseases.  In  the  worst  cases,  huge  polypi  are 
formed  with  ulcerating  sloughs ;  and  the  patient,  as  in  cases  with  similar 
changes  in  the  bladder,  dies,  exhausted  by  pain  and  constant  tenesmus. 
Stricture  never  occurs,  though  there  is  often  great  diflSculty  in 
defecation. 

Letulle  has  described  an  instructive  case  which  is  worth  quoting 
briefly,  because  of  the  oversight  in  diagnosis.  A  chemist,  aged  68, 
who  had  always  lived  in  Martinique,  went  to  Paris,  where  he  con- 
tracted pulmonary  tuberculosis,  for  which  he  was  admitted  to  a 
hospital  in  December  1903.  It  then  appeared  that  for  some  years 
he  had  suffered  from  a  chronic  disease  of  the  rectum,  characterised 
by  dysenteric  diarrhoea  and  a  constant  fetid  discharge  of  blood 
and  mucus  from  the  anus.  This  disease,  both  in  Martinique  and 
in  Paris,  was  diagnosed  as  an  inoperable  cancer,  because  the  man  was 
emaciated  and  cachectic  and  the  lower  part  of  the  rectum  was  extremely 
hard  and  immovable.  But  by  some  oversight  neither  the  faeces  nor  the 
rectal  discharge  were  microscopically  examined.  One  month  after 
admission  to  the  hospital  the  patient  died  of  exhaustion,  and  the  rectum 
was  found  at  the  autopsy  to  be  the  seat  of  advanced  bilharzial  infiltration. 
There  was  a  general  hyperplasia  of  the  walls  of  the  whole  rectum  and 
lower  portion  of  the  descending  colon,  with  some  ulceration  and  a  few 
papillomas.  Countless  typical  eggs  and  egg-shells  were  found  buried  in 
the  nniscular  coat,  and  in  some  instances  phagocytes  were  seen  invading 
the  foreign  bodies ;  the  Lieberkiihn's  crypts  were  double  the  normal  size, 
and   the  veins  of  the  submucous  tissue  were  affected  by  endophlebitis. 
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but  not  those  of  the  muscular  coat.     The  bladder,  ureters,  and  pn^uu 
were  unaffected. 

The  tai^iM  is  the  part  most  affected  in  the  female  sex,  the  symptMu 
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being  first  those  of  subaeute  vaginitis,  the  cause  of  which  is  nstiully  t'"' 
recognised ;  later,  the  mucous  membrane  becomes  thickened,  espwiiUT 


( 


on  the  jiosten'or  w;iil,  iind  eventually  h  growth  may  protrude  fi-om  the 
lalija  luajura  not  unlike  epjthelioiuii  in  appeurutice.  After  the  vagina,  the 
vuJvM  and  c«rvix  uteri  are  most  likely  to  be  atliected  in  addition  to  the 
bjjulder.  Dr.  Madden  has  reported  some  typical  cases  in  the  He.eorils  of  the 
Egyptian  ISm'ernmtnl  Sfkvot  of  Meiiidne,  vol.  ii,  (see  Figs,  165,  1G6,  p.  87G). 

Fig.  165  shews  a  tumour  in  a  girl  aged  12,  which  was  said  to  have 
been  present  four  years.  "  It  presented  an  appearatiec  like  that  of  a  firm 
cuuliHower  mass  of  venereal  wnrts,  and  on  close  examination  it  was  found 
that  the  bulk  of  the  tumour  was  attached  by  a  broad  jjedicle  to  the  loft 
Inliium,  while  a  smaller  piece  wiia  growing  from  the  right  labium.  The 
oriliee  of  the  urethra,  the  whole  of  the  vagina  and  the  rectum  were  ^uite 
freu  friJiii  any  signs  of  bilharzial  growth,  but  ova  were  found  in  the  urine. 
On  taking  a  small  piece  of  the  ma^  and  rubbing  the  cut  surface  on  u 
glass  slide,  eggs  were  found  in  the  smear.  The  masses  were  fi-eely  re- 
moved by  elliptical  incisions  around  their  bases,  and  on  cutting  through 
the  pedicle  of  the  larger  mass  several  adult  bilharria  worms  were  seen 
and  picked  out  on  the  point  of  a  scalpel,  while  others  were  present  in  the 
siibcntaneoua  fatty  tissue  beneath  tlie  pedicle "  (Madden).  This  is  an 
instance  of  in\))sion  of  the  bladder,  vulva,  and  skin,  while  in  another 
case  re]jorted  by  Dr.  Jladden  the  whole  vagina  was  fiHed  with  bilharzia 
papiUoiiiua,  though  the  cervix  of  the  uterus  was  unaffected.  It  must  be 
remembered  that  even  in  cases  in  which  the  vulva,  vagina,  and  uterus  are 
oU  attacked,  and  where  living  worms  can  be  picked  out  of  the  bilbarzia 
tisaiie  during  removal,  there  may  be  no  egga  in  the  urine  nor  other 
evidence  of  disease  in  the  bladder. 

Fig.  166  represents  a  bilharzia  papilloma  growing  from  the  posterior 
lip  of  the  cervix  of  the  uterus  of  a  comparatively  young  woman.  She 
had  noticed  some  irritation  in  the  vagina  for  six  years,  since  the  date  of 
her  last  pregnancy,  with  occasional  discharge  of  whitish,  watery  fluid, 
very  often  mixed  with  blood.  "  On  examination  a  large  cauliflower- 
like  g^o^vth  was  seen  projecting  from  the  posterior  lip  of  the  cervix  of  the 
uterus,  the  base  of  the  mass  running  up  to  about  the  middle  of  the  cervical 
canal.     The  uterus  was  not  enlarged,  and  was  freely  movable  "  (Madden). 

No  clinical  symptoms  can  be  referred  to  bilharzial  infection  of  the 
lungs  or  liver,  but  in  Egypt  it  is  recogniaeil  that  bilharzial  cirrhosis  caa 
sometimes  produce  ascites. 

Itlitofl  E^amhiaiian. — Even  after  the  disease  has  existed  for  several 
years,  there  is  no  great  aniemia,  and  if  a  bilharzia  patient  is  found  to  be 
extremely  i»ale  it  is  probable  that  he  is  also  suffering  from  ankylostomiasis. 
The  blood  of  bilharzia  patients  is  found  to  flow  slowly  ;  there  is  a  slight 
loss  of  hsamoglobin,  say  to  85  per  cent,  with  a  slight  decrease  of  the  red 
cells,  perhaps  to  four  millions,  Lencocytosis,  if  present,  is  caused  by  the 
complications  of  the  disease.  There  is  nearly  always  an  increased  numbei* 
of  eosinophils,  sometimes  rising  to  52  per  cent;  the  average  of  several 
cases  was  16  per  cent  (Kaut«ky). 

MorlalUy. — Of  1684  cases  treated  in  the  Alexandria  Deaconesses' 
',  5'8  per  cent  died. 


878  SYSTEM  OF  MEDICINE 


Complications. — The  thickened  bladder  may  be  so  distinct  thai  it 
can  be  felt  like  a  small  cricket-ball  above  the  piibes,  and  occasionallT 
hiemorrhage  into  the  bladder  may  produce  a  solid  clot  which  blocks  uj- 
the  whole  organ,  so  that  a  catheter  draws  nothing  off*,  and,  unless  relieved 
by  operation,  the  patient  dies. 

Calculi  in  the  bladder  are  the  best-known  sequels,  and  thuuiih 
opinions  differ  as  to  whether  bilharzia  eggs  form  a  nucleus  of  some  *i 
the  calculi,  as  is  sometimes  stated,  it  must  be  conceded  that  they  art  tW 
indirect  cause.  About  150  patients  suffering  from  stone  still  come  every 
year  to  Kasr  el  Ainy  Hospital,  and  in  all  of  them  bilharzia  eggs  are  either 
still  present  in  the  urine  or  there  is  a  history  of  recent  evidence  of  the 
parasite.  Moreover,  most  of  these  stones  have  been  formed  in  the  bLidder, 
not  in  the  kidney.  The  few  stones  that  have  been  examined  microscopk- 
ally  have  shewn  no  trace  of  eggs,  but  it  is  quite  possible  that  the  stone 
originates  in  a  slough  from  the  bladder,  which  may  or  may  not  coDtiio 
eggs.  The  symptoms  of  calculus  are  masked  by  the  cystitis,  but  the  stone 
greatly  aggravates  the  patient's  sufferings,  and  he  gets  no  relief  until 
lithotrity  has  been  performed.  In  the  later  stages  of  the  disease  the 
stones  are  formed  of  phosphates,  and  being  soft  are  not  so  painful,  amd 
are  sometimes  difHciilt  to  diagnose  from  {xitches  of  rough  mucous  membntne 
of  the  bladder  encrusted  with  phosphatic  deposit.  Though  large  stones 
weighing  from  20  to  35  ounces  are  now  very  rare  in  Egypt^  those  still 
seen  occur  almost  entirely  among  males,  and  their  geographical  distriba- 
tion  corresponds  with  that  of  bilharzia  disease. 

Urinary  Jistuke,  originating  in  the  roof  or  the  floor  of  the  urethra, 
are  another  very  serious  complication  among  men.  In  the  roof-cases  tho 
symptoms  are  mild  until  a  subcutaneous  abscess  forms  in  the  perinenm. 
from  which  there  discharges  a  little  pus  containing  eggs.  The  fistuU  la* 
now  formed,  and  makes  no  attempt  to  heal ;  it  may  be  recognised  by  on*- 
or  more  sinuses  in  the  perineum  or  the  posterior  part  of  the  scrotum,  ur 
even  on  the  pubes  or  the  thighs,  but  always  away  from  the  direct  line 
of  the  urethra.  In  the  floor-cases,  which  are  much  more  serious,  the 
opening  is  generally  in  the  perineum  ;  but  it  may  be  in  the  penis,  in  frtnj: 
of  the  scrotum,  «and  is  always  in  the  direct  line  of  the  urethra  ;  the  skin 
is  extensively  adherent  and  thickened,  and,  \vith  the  urethra,  becomes  a 
sharply  defined  mass  of  stony  hardness,  the  meatus  l)eing  narrow  and 
scarred,  with,  perhaps,  thin,  unhealthy  pus  oozing  from  it.  Many 
patients  do  not  apply  for  treatment  until  an  ulcer  has  formed,  followed 
by  a  peri-urethral  abscess  and  a  stricture.  About  1 8  per  cent  of  bilbarzia 
patients  in  the  surgical  wards  of  a  hospital  arrive  with  a  fi.stula  in  the 
perineum. 

Fistula  in  ano  is  a  rare  complication  of  bilharzia  of  rectum. 

Carrinoma  is  also  rare,  and  it  is  somewhat  surprising  that  it  docs  ik< 
more  often  develop  in  the  bladder  and  its  neighbourhood. 

Diagnosis. — The  disease  in  the  bladder  can  be  detected  by  the  dro}«* 
of  blood  passed  at  the  end  of  urination,  and  by  the  eggs  found  in  thf 
d<^posit  of    tirine   which    has  been  centrifuged  or  allowed  to  stand  for 
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fl  few  hours.  If  no  cfy^s  can  he  found  in  a  suspected  atai'  in  tbii  way 
or  lit  the  after-coming  blood,  the  total  qumitity  of  urine  [uusod  in  the  ^4 
bout's  must  be  cenlrifuged,  or  a  uttheter  must  be  pnssed  iind  the  few 
drops  of  urine  rematnitig  in  the  insiniment  examined.  The  dia- 
gnrisis  between  simple  (.-ystitis  and  cystitis  comitlicated  by  calculus 
can  only  be  made  by  examination  with  the  sound.  A  [wri-urethrrd 
ubKess  due  to  a  fistula  in  the  floor  of  the  nrethra  may  imitate  impiic'tion 
of  ii  calculus  in  the  urethra,  but  in  bilharziasis  there  is  a  conlinuuiis 
escape  of  pus  from  the  meatus ;  the  meatuB  hua  n  scjured,  gliued, 
iinrrowed  appearance  ;  anil  the  urethra  is  jialpable  aud  very  hard  all  the 
way  from  the  swelling  to  the  meatus.  In  imse  uf  doubt,  a  souud 
must  be  passed  doHti  the  urethra.  The  discharge  about  the  meatus  and 
^lans  penis  is  sometimes  mistaken  for  gonorrhiea. 

It  must  always  be  l>orue  in  mind  that  eggs  are  sometimes  found  in 
the  fxces  though  ahsent  from  the  urine ;  and  I  may  perhaps  be  allowed 
in  remind  students  that  in  the  investigation  of  trojtical  diseases  the 
niicroscopicitl  examination  of  the  fa^es  is  quite  as  imi)ortant  as  that  of 
the  urine.  Kectal  tenesmus  can  be  distinguished  from  symptom*  of 
dysentery  by  remembering  that  dysentery  comes  on  suddenly,  with 
diarrhiBa,  fever,  coated  tongue,  and  pain  over  the  desceniling  colon,  while 
in  biUiarzial  proctitis  eggs  will  be  found  in  the  blood  and  mucus  passed 
from  the  rectum,  and,  on  examination  with  the  finger,  a  definite,  hard 
roughness  or  polypoid  excrescences  can  be  felt  above  the  sphincter. 

Bilbarziai  cirrbosis  cannot  1>e  recognised  until  the  ordinary  causes  of 
sscilee,  such  as  syphilis,  alcohol,  cancer,  malaria,  and  8[>lenic  aniemiii 
are  excluded. 

In  the  case  of  tumours  of  the  female  genital  organs,  il  is  lietter  to 
snip  off'  a  piece  of  the  growth  and  search  for  eggs  under  the  microscope, 
and  so  avoid  the  mistake,  which  has  been  made,  of  treating  the  growth 
OS  an  epithelioma. 

Prognosis. —The  female  worm,  during  its  pralonged  period  of  couji- 
ling,  is  capable  of  laying  an  enormous  number  of  eggs,  but  thei-e  is  no 
means  of  determining  how  many  female  worms  are  present  in  the  body 
of  any  given  patient.  We  can  only  surmise  that  individuals  in  Egjpt 
;iie  infested  by  a  much  greater  numlier  of  worms  than  is  the  case  in 
South  Africa ;  hut  definite  pathological  information  on  this  point  is 
urgently  needed  from  the  Cape  and  other  parts  of  the  world.  At  pre- 
sent we  can  only  assume  that  the  more  eggs  in  the  excreta  the  worse  the 
prognosis.  The  thoroughly  infected  Egyptians  die  a  miserable  and 
painful  death  from  exhaustion  and  debility  aided  by  uraitiiia  fram  advanced 
kidney  disease.  But,  on  the  other  hand,  I  know  some  educated  Egyptians, 
more  than  ■')0  years  of  age,  who  state  that  they  have  had  slight  bil- 
hnrnosis  since  Ijoyhood  without  any  very  ill  effects ;  but  as  they  have 
always  lived  in  Egypt  it  is  impossible  to  tell  how  often  they  may  have 
been  re  infected.  Europeans,  after  leaving  Egypt,  have  been  known  to 
pass  living  eggs  in  their  urine  for  fourteen  years,  but  their  symptoms 
have  not  prevented  them  from  doing  a  fair  amount  of  woi'k  (Lortet). 
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I  believe  that  in  most  cases  of  ordinary  bilharzia  infection  the  sym[>toiu 
pass  off  within  four  years  after  leaving  the  country  in  which  the  disease 
was  contracted. 

On  the  other  hand,  Lawson  found  blood  and  bilharzia  eggs  in  th« 
urine  of  a  groom  who  had  contracted  the  disease  in  Eg^'pt  in  1885,  Imi 
had  not  been  out  of  England  for  the  intervening  eighteen  years.  His 
belated  symptoms  were  apparently  caused  by  some  severe  riding  leseou 
he  had  recently  taken.  It  is  not  stated  whether  the  eggs  cootaiot^ 
living  miracidia.  Dr.  (Tuillemard,  in  his  interesting  article  on  this  subject 
in  the  first  edition  of  this  System  (vol.  ii.  p.  1100),  also  writes  of  acA» 
in  England  '^  in  which  the  patient  suffered  from  a  severe  attack  eighteen 
years  from  the  onset  of  the  disorder,  which  had  been  in  abeyance  for 
some  years." 

If  we  turn  for  information  to  the  longevity  of  other  endoparasitie 
trematodes,  we  find  that  the  overwhelming  majority  of  species  live  aiboul 
one  year  or  a  little  longer,  but  there  are  some  whose  life  extends  to  mjmy 
years  (Braun). 

Treatment — No  method  has  as  yet  been  discovered  of  killing  tbe 
worms  in  the  human  body :  the  ordinary  vermifuges  are  useless,  and  no 
injections  into  the  bladder  or  rectum  have  met  with  success.  The  liquid 
extract  of  male  fern,  in  doses  of  15  minims  three  times  a  day,  is  the 
only  drug  of  known  value,  for,  though  it  does  not  expel  the  parasites,  it 
seems  to  weaken  their  power  of  doing  harm :  it  diminishes  ha^maturiiW 
allays  vesical  irritation,  and  reduces  the  number  of  eggs  passed  in  the 
urine  and  fajces.  But  it  mast  not  be  continued  for  more  than  two  week* 
at  a  time,  or  toxic  symptoms  may  occur,  such  as  giddiness,  headache, 
pain  in  the  eyes  and  epigastrium,  singing  in  the  ears,  and  vomiting,  til 
of  which  symptoms  I  have  observed.  With  the  exception  of  this  empiric 
remedy,  we  must  be  content  to  treat  the  disease  symptoniatically. 

Methylene  blue,  3  grains  in  a  capsule  given  once  or  twice  a  week, 
is  of  no  curative  value,  1)ut  is  sometimes  useful  as  an  analgesic  for  great 
tenesmus ;  in  advanced  cases  it  may  be  given  to  test  the  efficiency  of 
the  excretory  powers  of  the  kidneys  (renal  permeability). 

Haimostiitic  injections  for  htematuria  are  unscientific  and  dangerou? 
and  must  never  be  employed,  but  early  cystitis  is  benefited  by  washing 
out  the  bladder  with  boracic  acid  or  boroglyceride.  Salol,  benzoic  acii 
urotropin  (15  grains  t.d.  in  plenty  of  water),  and  helmitol  (15  grains  td.) 
jire  all  of  use  in  cystitis.  Rectal  cases  can  be  treated  with  suppositorie« 
of  belladonna,  or  with  enemtis  of  starch  and  opium  or  of  sulphate  uf 
copper.  Enemas  of  infusion  of  quassia  have  been  recommended  in  onlrr 
to  get  the  worms  away  from  the  papillomas.  The  rectal  tenesmus  is 
almost  entirely  caused  by  bilharzial  growths,  fibrous  or  polypoid,  in  the 
neighbourhood  of  the  sphincters,  so  that  much  temporary  relief  can  be 
given  by  cutting  away  the  mucous  membrane  above  the  anus  and  stretch- 
ing the  sphincters,  after  which  it  is  advisable  to  dab  the  wound  witli  i 
solution  of  chloride  of  zinc  (1  in  10)  and  then  wash  it  thoroughly  with 
saline  solution.     Severe  cases  of  prolapse  should  be   treated  by  lineal 
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cautery,  and,  if  that  fail,  by  excision,  if  possible  preserving  the  sphincters. 
Growths  from  the  female  genital  organs  should  be  excised.  The  treat- 
ment of  complications  is  purely  surgical,  and  for  that  I  must  refer  readers 
to  Mr.  F.  Milton's  various  papers. 

Prevention. — Until  the  way  in  which  the  parasite  gains  entry  into  the 
human  body  is  certainly  established,  it  is  impossible  to  legislate  on  this  sub- 
ject ;  but  enough  has  been  said  to  shew  that  bathing  or  paddling  in  infected 
and  stagnant  water  is  more  dangerous  than  drinking  muddy,  unfiltered 
water,  or  eating  salads  and  uncooked  vegetables.  Patients  should  be 
compelleil  to  evacuate  their  excreta  into  dry  earth  or  sand,  in  which  the 
xniracidia  cannot  hatch,  and  not  into  water,  which  is  the  favourable 
medium  for  development.  Miracidia  are  most  surely  prevented  from 
hatching  by  formalin  (1:160),  less  efficiently  by  pcrchloride  of  mercury 
(1 :  1000),  or  carbolic  acid  (1 :20).  Should  an  imported  case  be  introduced 
into  a  tropical  country  where  the  disease  is  unknown,  and  where  condi- 
tions for  its  spread  are  favourable,  the  greatest  care  must  be  taken  to 
keep  the  fieces  or  urine  of  the  patient  dry  and  away  from  water,  in  order 
to  prevent  diffusion  of  the  infection. 

Schistosomum  Japonicum  Katsurada  1904. —  (Synonym:  Schkto- 
goiiu^  caftoi  Blanchard  1904.)  —  In  April  1904  this  wonn  was  dis- 
covered by  Professor  Katsurada,  of  Okayama,  and  independently 
a  little  later  by  Dr.  Catto,  in  sections  from  a  fibrous  growth  near 
the  vermiform  appendix  of  a  Chinaman  (from  Fukien)  who  died 
of  cholera  at  Singapore.  For  some  years  the  Japanese  physicians 
had  observed  in  the  provinces  of  Yamanashi,  Hiroshima  (Central  Japan), 
and  Saga  (in  Kiushu,  North -West  Island)  a  strange  endemic  dis- 
ease characterised  by  enlargement  of  the  liver  and  spleen,  cachexia, 
ascites,  and  diarrhoea,  with  a  discharge  of  mucus  and  blood.  At  the 
autopsy  of  such  cases,  eggs  of  an  unknown  worm  were  found  in  the  liver 
and  some  other  organs.  Katsurada  was  struck  with  the  resemblance  of 
the  egg,  containing  a  miracidium,  to  that  of  Schistosommn  hamatoUwu, 
and  determined  to  examine  the  cats  and  dogs  of  the  endemic  areas, 
because  he  had  already  found  that  some  trematodes  infecting  man  were 
also  present  in  dogs  and  cats.  In  two  cats  from  Yamanashi  he  found 
many  of  these  worms  in  the  portal  and  mesenteric  veins,  besides  eggs  in 
the  liver  and  the  walls  of  the  large  intestine.  He  also  had  the  oppor- 
tunity of  studying  twelve  human  cases,  and  in  the  fjKces  of  fiva  of  them 
he  found  the  eggs ;  he  also  found  eggs  in  three  cases  in  the  liver,  and  in 
one  case  in  the  large  intestine,  but  never  in  the  bladder.  Dr.  Stiles,  of 
Washington,  writes  to  me  that  he  has  seen  Schistosomum  jajHtnicum  in  a 
case  from  China  and  in  another  from  the  Philippines.  This  parasite  in 
Asia,  therefore,  seems  to  be  the  analogue  of  the  original  Srliistosamum  of 
Africa,  but,  curiously  enough,  does  not  seem  to  affect  the  urinary 
passages.  In  Dr.  Catto's  case  the  bladder  was  thickened  where  atl- 
hesions  had  formed  with  the  rectum,  but  with  this  exception  the 
organ,  including  its  mucous  membrane,  was  quite  healthy. 

The  distinctive  characteristics  of  this  new  trematode,  as  compared 
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with  tile  older  vftricty,  are  its  smiillev  liimensioiis,  the  lurger  aixe  of 
posterior  sucker  as  compared  with  the  anterior  sticker,  the  smooth  eurfact 
of  the  body  of  the  male  worm,  which  is  (jiiite  devoid  of  tubercles ; 
eggs,  which  are  destitute  of  spines ;  and  the  fact  that  it  infects  cit«  in 
.iapan.  According  to  Katsuratia,  the  average  measurement  of  eight  mala 
is  10"43  mm.,  his  specimens  from  cats  varying  from  7  to  1  3  mm.  Odv 
a  few  females  were  found  uninjured,  measuring  from  8  to  12  i 
He  thinks  that  the  worm  when  inhnhiting  man  ought  to  grow  f< 
longer  time,  and  therefore  should  be  larger.  Dr.  Catto  Is  unable  to 
decide  whether  the  adult  wonns  occupy  the  arteries  or  the  ^fOSXi,  hot 
believes  that  they  occur  in  both.     The  eggs  (Fig.  167)  ars  oval,  meunr 


ing  between  0-OG  and  O'OO  mm.  in  length  and  0'03  lo  005  mm.  i 
breadth.  They  have  a  stout,  smooth  shell  without  any  trace  of  a  epioi 
and  in  the  easua  reported  by  Katsurada  and  Bayer  (from  C'hitia)  the  OTon 
contained  a  miracidium.  In  Dr.  Catlo's  case  the  eggs  of  the  worm  were 
found  chieSy  in  the  intestinal  tract  and  its  appendages,  inlialiiting  tk 
gut  from  the  ctecum  lo  the  anus  in  two  layers — the  one  eub)>eritai 
where  the  eggs  were  scarce  ;  the  other  in  the  submucous  coat,  whers  they 
ivcre  very  numerous.  The  rectum  and  appendix  contained  the  groWMt 
number  of  eggs,  while  they  were  numerous  in  the  liver,  lying  singly  n 
in  clusters  embedded  in  the  thickened  fibrous  connective  tissue.  H« 
also  found  eggs  in  the  enlarged  mesenteric  glands,  in  the  outer  w«ll  of 
the  gall-btadder,  in  the  pancreas,  in  the  capsule  of  the  liver,  tmd  in 
flbrous  eoat  of  the  larger  mesenleric  vessels.     Now  that  this  puruile  !im 
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been  defiriiicly  dosciibed,  more  information  as  Ui  the  Bj-mptoma  it  causes 
will  probalily  be  forthcoming,  and  from  their  investigation  advances  may 
}tossibly  be  made  in  the  cure  of  patients  with  bilharziasis. 

F.  JI.  Sandwith. 


Phyli'm    II. — Nematbelmlnthes 

S..N,  K.C.M.(i.,  M-D.,  F,B.a.,  and  A.  E.  Siui- 
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■i  I. — Nematoda 


The  nematodes  are  long,  slender,  cylindrical  animals  with  bodies 
which  taper  towards  l)oth  ends,  at  one  of  which — the  anterior — is  placed 
the  mouth  ;  at  or  near  the  other — the  posterior — the  aims. 

They  are  covered  with    a  cuticle,   often    transvoi-sely   striated    and 


i-anal :  f .  th* dunal  uidA  tie     Mml    Tit       tlietntwli  u  ml  In  tlui  1 1. 

■ometimes  consisting  of  scvcnd  Liyers.  The  cuticle  is  shed  from  time 
to  time,  aa  a  caterpillar  sheds  its  skin,  and  it  phiys  an  important  pail  in 
the  economy  of  the  roundworms.  Beneath  the  cuticle  is  a  nucleated 
syncytium,  and  Wneath  tliis  again  a  muscidar  layer.  These  tlirce  layers 
form  a  body-\™ll,  which  encloses  a  IxHiy-cavity,  in  which  lie  the  long 
atraight  alimentary  canal,  and  the  long  and  usually  much  convoluted 
ovary,  uterus,  and  in  the  male  the  testis. 

The  mouth  is  sometimes  provided  with  papillut,  sometimes  with  hooka; 
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sometimes  it  is  simple.  The  short  (esophagus  is  generally  markeil  i.-df 
from  the  intestine  by  a  constriction,  or  by  a  bulb.  In  some  forms  the 
iilimentiiry  canal  is  aborted  in  certain  stages. 

The  female  organs  of  generation  consist  of  a  pair  of  tul>es,  rarely  ui 
one  tube  only,  at  the  upper  end  of  which — the  ovarian  tubules — ihe 
ova  originate ;  lower  down  fecundation  is  effected ;  lower  still  ihf 
ova  are  provided  with  yolk  and  vitelline  membrane,  and  assume  their 
characteristic  appearance.  The  two  uterine  tubes  unite  to  form  a  short 
vagina  which  opens  on  the  ventral  surface,  usually  about  the  junction  of 
the  anterior  third  of  the  lx)dy  with  the  posterior  two -thirds,  more 
rarely  posteriorly. 

The  male  nematodes,  readily  recognised  by  their  inferior  size  and 
often  by  their  strongly  curved  tails,  have  but  a  single  testis,  a  long  tube 
filled  with  non-flagellated  spermatozoa.  This  opens  by  a  vas  deferenj! 
into  the  terminal  portion  of  the  intestine — the  cloaca.  In  the  walls  of 
the  cloaca,  lodged  in  an  invagination,  are  usually  one  or  two  spicula— 
long  chitinous  rods  which  can  be  protracted  or  retracted  ;  these  are  used 
during  copulation.  In  certain  families  the  tail  of  the  male  is  winged,  in 
others  it  is  expanded  into  a  sort  of  umbrella-shaped  bursa,  in  others, 
again,  it  is  simple  in  structure ;  it  is  also  provided,  both  in  front  of  aii<I 
behind  the  anus,  with  a  number  of  papillae.  These  characters  of 
the  tail  form  valuable  criteria  for  determining  species. 

Excretion  is  carried  on  by  two  vessels  which  course  along  the  sides 
of  the  body — one  on  each  side — in  what  is  known  as  "the  lateral 
lines.''  These  lines  are  narrow,  longitudinal  thickenings  of  the  syncvtial 
ectoderm  where  the  muscidar  part  of  the  body-wall  is  absent.  Tho 
two  vessels  they  include  unite  anteriorly  and  open  by  a  transverse  slit— 
the  excretory  pore — on  the  ventral  surface.  Round  the  oesophagus  there 
is  a  nerve-ring  which  gives  off  longitudinal  cords,  the  two  chief  lying  in 
the  mid-dorsal  and  mid-ventral  line. 

Unlike  what  occurs  in  the  cestodes  and  usually  in  trematodes,  the 
sexes  in  the  nematodes  are,  with  few  exceptions,  separate. 

Usually  oviparous,  not  a  few  are  viviparous  or  ovo-viviparouN 
The  embryo  is  a  long,  slender,  cylindrical,  eel -shaped  organism  which, 
while  in  oi'O,  is  coiled  up,  but  when  free  is  outstretched  and  exhibit* 
active  movement.  Sometimes  it  gains  access  to  its  definitive  ho^l 
directly  ;  usually,  however,  it  has  first  to  pass  through  a  metamorphosis 
in  an  intermediate  host.  Certain  species  possess  what  is  known  *? 
the  "free  rhabditis  form,"  which  lives  in  the  earth  or  mud.  Then? 
are  called  heterogamous ;  that  is,  they  present  a  form  of  alternation  of 
generations  in  which  both  stages  are  sexual  but  differ  in  character. ».' 
one  may  be  parthenogenetic  and  one  bisexual. 

Family  I. — Ascaridse 

The  members  of  this  family  of  nematodes  are  characterised  by  thfjr 
comparatively  stout  bodies,  and  by  the  possession  of  three  well-marke<i 
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lips  carrying  papillae — one  lip  being  dorsiil,  the  other  two  being  ventral 
and  meeting  in  the  middle  line.  The  cesophagus  has  a  bulb.  The  ovary 
is  laired.  Oviparous ;  the  development  is  direct.  The  tail  of  the  male 
is  strongly  curved  and  carries  one  or  two  spicules.  Four  species  are 
parasitic  in  man,  and  all  of  them  in  the  intestine. 

i.  Ascaris  lumbpieoides  L.  1758  (Fig.  169)  ("The  llound  Worm"), 
whose  usual  and  normal  habitat  is  the  upper  part  of  the  small  intestine, 
is,  with  one  rare  exception,  the  largest  of  the  nematodes  parasitic  in 
man.  The  male  worm  measures  15  to  25  cm.  in  length  by  about  3  mm. 
in  breadth  ;  the  female  20  to  40  cm.  by  5  mm.  Both  are  cylindrical  in 
.shape,  and  taper  to  the  ends,  j>articularly  towards  the  head.  Close  to 
the  tail  the  body  is  somewhat  flattened  in  a  ventro-dorsal  direction.  In 
colour  they  are  grey  or  pinkish  ;  to  the  touch  they  are  firm  and  stiff. 
The  surface  is  glistening  and  polished,  and  is  marked  by  fine,  closely-set, 
transverse  ridges.  The  musculo-cutaneous  l)ody-wall  is  so  transparent 
that  the  coils  of  the  long  uterine  or  testicular  structures  am  be  discerned 
through  it  in  many  places.  The  tail  of  the  female,  close  to  the  tip  of 
which  opens  the  two- lipped,  transversely  disposed,  slit-like  anus,  is 
straight.  That  of  the  male  is  strongly  curved  in  a  ventral  direction, 
two  spicules  usually  protruding  from  the  subterminal  cloaca.  On  the 
ventral  surface  of  the  tail,  and  extending  as  far  as  the  curve  extends, 
some  70  to  75  minute  papillae  are  arranged  on  each  side  of  the  middle 
line.  Of  these  seven  pairs  are  post-anal.  The  two  much  convoluted 
uterine  tubes  are  of  great  length — ten  to  fifteen  times  that  of  the  worm 
— and  occupy  the  posterior  two-thinls  of  the  body.  They  unite  to  form 
a  short  vagina  which  opens  ventrally  some  distance  behind  the  head. 
The  excretory  canals,  lying  in  the  lateral  lines,  unite  and  open  a  short 
distance  behind  the  mouth.  The  three  papillae-bearing  lips  characteristic 
of  the  family  are  very  well  marked. 

The  ova  (0-05  to  0*07  mm.  by  0*04  to  0*05  mm.),  of  which  the  uterine 
tubes  contain  many  millions,  are  ovoid,  spherical,  or  sometimes  barrel- 
shaped.  They  have  a  rough  mammillated  surface,  a  multiple  outline, 
and  granular  contents.  White  while  in  the  uterus  of  the  worm,  they  are 
stained  brown  by  the  bile  on  entering  the  intestine  of  the  host.  At  birth,  and 
for  a  long  time  afterwards,  they  exhibit  no  sign  of  the  embryo ;  but  if  kept 
in  water,  in  the  light,  and  at  a  summer  temperature,  an  embryo  of  the 
usiial  nematode  character  is  developed  in  the  course  of  five  or  six 
months.  Some  experimentalists  state  that  during  the  heats  of  summer 
the  embryo  may  be  developed  in  a  couple  of  weeks.  Desiccation  in 
summer  and  freezing  in  winter  suspend  development,  but  kill  neither 
ovum  nor  embryo.  When  fully  developed  the  embryo  still  remains  in 
the  egg  and  does  not  seek  to  escape  spontaneously.  It  will  remain  alive 
under  suitable  conditions  for  upwards  of  ^y^  years.  On  the  ovum  being 
swallowed  by  the  definitive  host,  the  embryo  speedily  breaks  through  the 
shell  and  advances  so  rapidly  in  development  that  at  the  end  of  a  month 
it  is  a  sexually  mature  animal  giving  birth  to  crowds  of  ova.  These  facts 
have    been   proved  by  carefully  conducted  feeding  experiments.     Von 
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I.instow'a  su^cstion,  tliat  a  ccrUiiii  myi-ia|KJil — Jiiliix  •lulliilaliis — iicted 
ihc  part  of  hi  termed  iiite  host,  seems  therefore  to  lie  8ii{>crHiiou!). 

.■fsfaris  iumliricoulff:  is  eiismopolitaii,  Ijcitif"  foiiiid  in  nil  roiiiitries  frf)m 
the  arctic  circles  to  the  tro[ncs.  In  a  general  way  it  nuiy  be  said  to  be 
much  more  common  in  the  tropica  than  in  cooler  latitudes ;  a  great  deal 
(le])enilfi,  of  course,  on  local  conditions,  [mrticiilitrly  on  the  character  of 
the  water  and  vegetable  siip|i1icfi,  :ind  their  liability  to  con tiimj nation  by 
fircjil  matter  containing  the  ova  of  the  [larasite.  As  a  rule,  it  is  more 
frei|uent  in  the  country  than  in  towns,  in  children  and  young  {Myopic 
than  ill  adults  or  infants.  It  has  been  found,  however,  in  infants  only 
1 1  weeks  old,  and  in  old  men  up  to  78.  Lunatics,  d<mbtlesa  from  their 
careless  or  filthy  habit«,  are  jKirticulirly  subject  to  ascarides. 

In  tcmpenite  climates  one,  two,  or  up  to  ten  may  l>o  found  together 
ill  one  host :  but  in  the  tropica  twenty  or  thirty  are  not  uncommon, 
.111(1  Jnsttinces  of  hundreds  being  found  in  the  same  iKitient  are  far  from 


rsire.  Perhaps  the  most  remarkable  case  on  record  is  one  puJ)Iished  l»v 
Fauconneau-Uufresnc,  in  which  a  boy  of  12  passed  o\tv  TiOOO  worms  in 
Was  than  throe  years — most  of  them  by  vomiting;  iJdO  were  got  rid  of 
in  a  single  day. 

Although  t!ic  small  intestine  is  the  usual  seat  of  these  worms,  not 
infrequently  they  wander  downwards  into  the  large  intestine  or  iipwarila 
into  the  stomach,  ami  no  into  the  feaophagns,  and  out  by  the  mouth  or 
noatrils.  They  have  even  canscd  death  from  suH'ocation  by  creeping  into 
the  glottis.  Cases  are  on  record  in  which  they  hail  enteriMl  the  Eustachian 
tub^  or  the  naaal  ducts,  finding  their  way  to  the  outside  by  the  external 
ear  in  the  one  ciwe,  or  by  the  canaliculi  Wrimales  in  the  other.  A 
more  freipient  occurrence  is  tlieir  impaction  in  the  Itiliary  or  [lancreatic 
(liicts  ;  in  these  .situati<ins  sometimes  several  worms  have  been  found 
together.  Thus  located  they  may  give  rise  to  gnive  8ym[>tim)s  fi'oni 
blocking  and  dilatation  of  the  ducts  ;  even  abscess  of  tlio  liver  lias 
resulted  from  such  an  invasion.  In  other  cjtses,  by  perforating  the 
intestine  rouml  worms  may  escaiie  into  the  peritoneal  cavity,  setting  up 
peiitonitis ;  more  espeeially  if  some  of  the  intestinal  cout«nts  esca^ie  along 
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with  the  worms.  In  some  instances  peritonitis  has  not  ensued ;  in  ibe 
latter  cases,  and  also  in  many  of  the  cases  in  which  these  worms  were 
found  at  the  post-mortem  examination  in  the  air-passages,  it  is  not 
improbable  that  the  wandering  did  not  take  place  till  after  the  deaih  of 
the  host.  This  post-mortem  wandering  may  be  correlated  to  the  curiou* 
fact  that  in  acute  disease,  and  as  death  approaches,  round  worms  often 
exhibit  a  disposition  to  quit  the  patient's  body.  There  have  l>een  maiiy 
instances  of  verminous  abscess  recorded,  particularly  as  affecting  tbe 
umbilical  region  in  children  and  the  groin  in  adults,  M-hich  were  morf 
probably  connected  with  the  imprisonment  of  ascarides  in  hernial  pn>tru- 
sions  of  the  bowel.  The  kidney,  spleen,  pleura,  and  the  urinarj'  |)a>sage5 
have  sheltered  strayed  specimens  of  these  parasites  at  times ;  they  have 
even  escaped  by  the  urethra. 

Symptoms, — From  the  fact  that  in  many  countries  scarcelv  an 
individual  up  to  middle  life  is  free  from  this  parasite,  it  is  manifest 
that  Ascaris  lumbricoides  does  not  necessarily  or  usually  give  rise  to 
important  pathological  conditions.  Nevertheless,  there  are  good  grounds 
for  believing  that  at  times,  particidarly  in  young  children  and  in  othera 
with  sensitive  nervous  systems,  it  is  really  a  cause  of  more  or  less  grave 
reflex  or  direct  disturbance.  Thus,  it  appears  to  be  an  occasional  excitant 
of  convulsive  seizures ;  of  perversions  of  the  senses  of  sight,  smell,  hearing, 
and  taste  ;  of  vertigo,  hysteria,  mental  disturbances,  dreams,  and  so  forth : 
at  all  events,  in  many  such  cases  these  morbid  symptoms  have  di^^ 
appeared  on  removal  of  the  parasites.  Such  direct  effects  of  its  presence 
in  the  alimentary  canal  as  dyspepsia,  griping  pains,  nause-a,  vomiting, 
irregular  action  of  the  bowels,  mucous,  membranous,  or  bloody  stook 
excessive,  defective,  or  perverted  appetite,  itching  of  the  nose  or  anus, 
malnutrition  and  anaemia,  are  very  common  in  association  with  thi* 
parasite ;  they  subside  at  once  on  the  successf id  action  of  an  anthel- 
mintic. 

The  report  of  the  Jenner  Hospital  at  Berne  (1890)  includes  the 
account  of  a  case  in  which  As.  lumhricoides  was  present  in  large  immber*. 
The  blood  shewed,  before  the  expulsion  of  the  worms  by  santonin. 
2,480,000  red  cells,  while  two  weeks  afterwards  the  red  cells  bad  risen  to 
4,200,000  per  c.mm.  The  blood  often  also  shews  an  eosinophilia  of 
greater  or  less  extent :  Solley  reports  33  per  cent  in  one  case.  Boycott 
24  per  cent  and  25  per  cent  respectively  in  two  other  cases.  Cwes 
shewing  no  marked  increase  of  these  cells  are,  however,  quite  common. 

Diagnosis. — Failing  the  spontaneous  discharge  of  the  nematode  in  the 
stools  or  in  vomited  matters,  a  dose  of  santonin  will  quickly  confirm  or 
negative  any  suspicion  of  their  presence.  When  it  is  deemed  inadvi.<able 
to  give  this  drug  on  bare  suspicion,  a  microscopic  examination  of  the  stools 
will  clear  up  the  diagnosis  at  once.  In  cases  of  ascaris  infection  the  number 
of  ova  is  so  prodigious  that  the  minutest  portion  of  fseces  is  nearly  sure  to 
contain  several  specimens.  To  examine  it,  all  that  is  necessary  is  to  expre* 
a  small  ])ortion,  not  larger  than  a  big  pin^s  head,  if  necessary  moistened 
with  a  little  water,  between  a  cover-glass  and  slip,  and  to  search  every 
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part  i>f  \l  with  a  mitgnifying  power  of  somethfiig  under  100  Hiameters. 
If  Uie  bUwU  be  fluid  ^ey  should  lie  allowed  to  eland,  aud  the  sediment 
then  examined. 

Trfitlmrnl. — Round  worms  are  got  rid  of  at  once  by  the  adminJBtralion 
of  santonin.  It  h  best  to  combine  it  with  a  pui^nlive.  A  few  grains  of 
calomel  or  a  dose  of  castor  oil  suffice.  A  good  plan  is  to  give  half  a  grain 
to  four  grains,  according  toihe  age  of  the  patient,  for  three  eiiuceBsive  nights 
At  bed-tinio,  and  on  the  mornings  following  the  first  and  third  doses  to 
exhibit  a  dose  of  castor  oil.  In  the  tropics,  and  in  countries  in  which 
the  parasite  is  particularly  prevalent,  such  a  course  of  santonin  may  be 
administered  to  children  twice  a  year  with  great  advantage  to  their 
general  health.  When  prescribing  santonin  the  physician  shonld  warn 
the  patient,  or,  in  the  cAse  of  a  child,  the  iittendante,  of  the  effect  uf  this 
dnig  in  causing  temporary  discoloration  of  the  urine — a  greenish-yellow 
lint  in  acid,  a  red  or  purple  tint  in  alkaline  nrine.  He  should  also 
inform  them  of  the  effect  on  vision ;  objects  appearing  some  hours 
after  the  dose  of  a  blue  and,  later,  of  n  yellow  colour;  and,  perhaps, 
finally,  temporary  loss  of  colour- vision.  liarely  does  a  medicinal  dose 
give  rise  ^  serious  toxic  symptoms  such  as  aphasia,  tremors,  hnllucitia- 
tiona,  convidsions,  enfeebled  respiration,  slowing  uf 
the  pulse.  Sometimes,  however,  these  symptonis  of 
intoxication  occur  after  santonin :  in  particular 
idiosyncrasies  unnecessarily  large  doses  must  there- 
fore be  avoided. 

It  is  manifest,  from  what  has  been  said  about 
the  life-history  of  the  parasite,  that  a  pure  waler- 
BU))ply  is  the  beat  prophylactic.  Where  this  cannot 
>te  secured  all  drinking-water  should  be  boiled. 
Similarly,    wherever    the    nature    of    the    fertilisers 

—employed  by  market  gardeners  is  not  beyond  suspicion, 

BtU  vegetables  should  be  cooked  or  well-washed   in 

Htoiled  water. 

|r  ii-  Ascarls  eanls  (Werner)  17S2.— (Synonjiras: 
Ijtmlirtcus  ojiiin  Werner  1 782,  .4s.  terts  Goeze 
1762,  vYs.  fff/i  et  canicviie  Schranli  1788,  jis.  cnnig 
et  ftlU  Gmclin  1789,  As.  Irwispidnla  et  felis 
Erugui^re  17!tl,  As.  Kentrri  Rud.  1793,  Fusaria 
mi/tliix  Zeder  1800,  As.  man/inala  et  wynhu  Kud. 
1802,  As.  alata  Bellingham' 1839)  (Fig.  174).— 
Normally  parasitic  in  dogs,  cats,  and  some  other 
carnivora,  this  species  is  sometimes  found  in  man. 
It  can  l>e  readily  recognised  by  its  relatively  small 
size  (male  40  to  60  mm.  long,  )iy  1  mm.  in  diameter  ;  _ 

femjde  120  to  IBO  mm.,  by  17  mm.),   by   the  two 
very  ctmspicuous  cutaneous  wings,'  pi-ojecling  from  each  side  of  the  head 
in  both  sexes,  giving  the  head  end  an  arrow-head  appearance,  and  by 

-  "  viiu^s  "  are  seen  iu  g«ct!oii  in  Fig.  ISB. 
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the  number  and  arrangement  of  the  twenty  pairs  of  prc-anal  and  fi« 
piiirs  of  post-anal  papillae  on  the  tail  of  the  male.  The  ova  (OO61S  k 
0*072  mm.)  are  covered  with  a  beautiful  network  resembling  the  mke 
on  a  nutmeg.  The  parasite  gains  entrance  to  the  body  of  its  host  in  t's? 
same  way  as  in  the  case  of  As.  lumbricoides. 

iii.  Asearis  maritima   Leuckart    1876. — An   immatui^   female,  \i 


I 


Male. — a,  nat.  sizp ; 
b,  magnified. 


Femali*,— fl,  nat,  8i»* ; 
6,  magiiifled. 


Fio.  175. — Oxyurif  vermicularis. 


ram.  long  and  1  mm.  broad,  was  vomited  by  a  child  in  Greenland  in 
1865.  Probably  this  was  not  a  normal  human  parasite,  but  accidenully 
introduced.  It  is,  in  Leuckart's  opinion,  nearly  related  to  tho  As,  transfu^fi 
of  tlie  bear. 

iv.  Oxyuris  vermicularis  L.  1767. — (Synonyms:  As.  rermicHinn.' 
L.,  Fusaria  vermiadaris  Zeder  1803)  (Fig.  175). — The  "Threadworm' 
or  *'  Seat  worm,''  like  A.  lumbricoides^  is  a  very  common  parasite,  and  is 
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in  all  countries.  Like  the  round  worm  it  has  a  predilection  for 
Ti  and  young  people,  in  whose  faeces  the  womis  are  by  no  means 
ent,  looking  like  minute  (9  to  12  mm.  long  by  0*4:  to  0*6 
oad),  white,  slowly  moving,  short  pieces  of  fine  thread.  These  are 
r~^iale  oxyurides.  The  male  worms,  which  are  both  fewer  in  number 
2fe  :ry  much  smaller  (3  to  5  mm.,  by  0*16  to  0*20  mm.),  are  hard  to 
^^^  the  stools  or  intestinal  mucus  without  the  aid  of  a  lens.  The 
-^r-ire  further  distinguished  by  their  tails — that  of  the  female  being 
pering,  and  pointed,  the  anus  opening  at  its  base  ;  the  vagina 
^^Dn  the  ventral  sui-face  a  little  in  front  of  the  middle.  In  the  male 
-  il  is  abruptly  truncated ;  usually,  particularly  after  death,  it  is 
Tip  into  a  sort  of  spiral ;  the  cloaca  is  terminal 
ntains  only  a  single  spicule ;  the  tail  is  further 
^^lished  by  six  pairs  of  ventrally  placed  papillae, 
ch  the  anterior  and  the  posterior  pairs  are  the 
In  both  sexes  the  head  end  is  very  much 
t-^d,  and  carries  on  its  upper  and  under  aspects  a 
*liar  cuticular  sac  filled  with  clear  fluid.  Viewed 
>Tofile  this  double  sac  gives  the   head  an  appear-   fio.     i7tf.  —  Ejw    of 


%mi 


^  which  is  very  aptly  compared  by  Blanchard  to      (xSit4Yo)'''Aimo«t 

amber  mouth-piece  of  a  Turkish  tobacco-pipe.  i^s'!'^'"'*       *^^""" 

The  eggs  (0-05  by  0016  to  0024  mm.)  are  oval, 
•  much  flatter  on  one  side  than  on  the  other.     Their  shell  consists  of 
^6  layers,  except  at  one  point  on  the  dorsal  surface  where  the  middle 
^r  is   defective.     It  is  at  this  point  that  the  embryo  subsequently 
-cts  its  escape. 

At  the  time  the  egg  leaves  the  parent  worm  the  embryo,  though 
ible,  has  not  quite  completed  its  development.  So  soon,  however,  as 
J  ovum  enters  the  faeces,  whether  inside  or  outside  the  host,  progress 
rapid ;  but  until  transferred  to  the  human  stomach  the  development 
the  embryo  does  not  advance  beyond  a  certain  point,  the  little  animal 
rays  remaining  a  prisoner  in  the  shell.  Under  suitable  conditions  it 
nains  alive  in  this  state  for  days  or  weeks.  Long  immersion  in  water 
said  to  kill  it ;  consequently,  we  may  infer  that  the  drinking-water  is 
',  a  usual  medium  of  infection  with  oxyurides.  An  intermediate  host 
lot  required.  The  ova  giiin  access  to  the  human  stomach  on  fruit,  raw 
^etables,  in  dust,  by  being  conveyed  on  dirty  fingers  to  the  mouth, 
1  probably  in  many  other  and  similar  ways.  When  ova  or  pregnant 
rurides  are  swallowed  experimentally,  mature  worms  appear  in  the 
;es  at  the  end  of  two  or  three  weeks.  Grassi,  after  swallowing  six 
lale  oxyurides,  found  their  progeny  in  his  stools  at  the  end  of  fifteen 
^8 ;  and  they  continued  to  appear  in  every  stool  for  over  a  month. 
)m  the  latter  circumstance  it  is  evident  that  development  does  not 
iceed  in  all  the  ova,  nor  probably  in  all  the  worms,  at  the  same  rate. 

It  is  believed  that  on  the  egg  being  swallowed  the  embryo  is  liberated 
the  stomach  ;  it  then  passes  into  the  small  intestine,  where,  after  under- 
ng  a  succession  of  moultings,  it  attains  sexual  maturity  and  impregna- 


892  SYSTEM  OF  MEDICINE 


tion  is  effected.  The  male  worm  usually  dies  after  this  event,  passing  out 
in  the  faeces ;  but  the  impregnated  female  migrates  to  the  caecum,  whert 
she  remains  till  her  ova  are  matured.  She  then  descends  to  the  rectiun, 
where  part  of  her  ova  are  probably  expelled,  she  herself  perhaps  passing 
out  along  with  them  in  the  faeces.  Other  worms  escape  spontaneously  by 
^^gglii^o  through  the  anus,  and,  doubtless  aided  by  the  scratching  md 
manipulation  their  presence  occasions,  spread  over  the  neighbouring 
integument,  and  even  wander  into  the  vagina,  urethra,  or  prepuce.  Thu? 
they  scatter  their  eggs  about,  and  by  their  movements  cause  intolerable 
itching.  The  warmth  of  bed  seems  to  provoke  this  exodus  of  oxyurides: 
for  it  is  usually  in  bed  that  the  characteristic  migration  and  attendant 
ii'ritation  set  in,  phenomena  which  recur  with  remarkable  regularitr 
at  the  same  hour  every  evening. 

The  irritation  secures  by  auto-infection  the  continuation  of  the  nsx 
of  animals  producing  it.  By  the  scratching  that  ensues,  the  wanderinj: 
worms  are  l)roken  up,  and  their  eggs,  and  even  fragments  of  the  wonn* 
themselves,  are  smeared  over  the  fingers,  forced  under  the  nails,  and 
spread  about  the  body.  In  this  way  the  eggs  are  inadvertently  conveyed 
to  the  mouth  of  the  host,  to  be  swallowed  and  so  to  start  a  fresh  genera- 
tion of  parasites.  The  itching  of  the  nose,  which  is  so  frequent  a  oon 
comitant  of  rectal  and  intestinal  irritation,  and  such  habits,  so  common  in 
children,  as  sucking  the  thumbs  during  sleep  and  biting  the  nails,  wd- 
tribute  to  ensure  this  result.  In  this  way  patients  keep  up  their  st^>ck 
of  parasites  for  many  years,  and  often  into  adult  life.  In  some  instance* 
the  intestines  have  been  so  loaded  with  these  worms  that  the  mucou* 
membrane  looked  as  if  covered  with  a  pile  like  velvet.  Usually  infection 
does  not  proceed  to  this  degree;  but  thousands  of  worms  are  ofitr 
present  in  the  bowel,  agglutinated  by  the  mucus  into  masses  and  balk 

Symptams. — In  consequence  of  the  nocturnal  wanderings  of  the  worm* 
and  the  intense  irritation  they  give  rise  to,  local  symptoms,  such  as  muci»»<l 
and  bloody  stools,  morbid  sexual  excitement  leading  to  masturbation, 
seminal  emissions  or  enuresis,  eczematous  conditions  about  the  anus,  acd 
pains  resembling  those  of  stone  in  the  bladder,  are  common.  Reflex 
disturbances  may  also  occur,  such  as  hysteria,  convulsions,  chorea,  per- 
versions of  appetite,  anaemia,  and  similar  consequences  of  prolonged  intes- 
tinal irritation.  In  the  presence  of  such  symptoms  the  appearance  i-f 
worms  or  ova  in  the  stools  at  once  establishes  the  diagnosis. 

The  eosinophil  cells  of  the  blood  are  frequently  slightly  increased  in 
number — Dr.  Bovcott  states  that  in  about  two- fifths  of  his  cases  in 
children  who  harboured  0.rt/uris,  a  definite  increase  in  the  eosinophils 
had  occurred  ; — more  rarely  a  high  grade  of  eosinophilia  (up  to  16  jiff 
cent)  is  set  up,  whilst  quite  commonly  the  blood  shews  normal  proportions. 

Treatment. — The  facts  of  the  life-history  of  the  parasite,  as  just  set 
forth,  must  be  borne  in  mind  in  directing  treatment.  Grassi's  experiment 
has  shewn  that  the  parasites  may  continue  to  arrive  at  maturity  in 
successive  swarms  during  the  last  four  or  five  of  the  six  or  seven  weeks 
following  a  single  infection.     Consequently,  treatment  to  l>e  radical  raii5t 
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extend  over  this  period  at  least.  Moreover,  measures  must  be  taken  to 
prevent  auto-infection.  With  this  latter  object  in  view,  in  the  case  of  a 
child  care  should  be  taken  that  the  buttocks  are  covered  with  stout  drawers 
during  sleep;  or  a  long  night-dress  should  be  tied  beyond  the  feet,  or 
some  such  device  employed  so  as  to  make  it  impossible  for  the  chikl  to 
soil  its  fingers  with  the  ova  of  such  worms  as  may  creep  out  fiom  the 
anus  during  the  night.  It  is  a  good  plan  to  cover  the  hands  with  gloves. 
Finger-nails  must  be  kept  short  and  clean,  and  thumb-sucking  and  nail- 
biting  discouraged.  An  afTected  child  should  sleep  by  itself,  so  as  to 
minimise  the  risk  of  spre^iding  the  complaint.  An  occasional  aperient 
had  better  be  administered  during  treatment.  Every  night  for  a  time, 
and  later  every  second  or  third  night,  an  anthelmintic  enema  must  be 
administered.  There  are  many  efficient  drugs  which  may  be  employed 
in  this  way.  Salt  and  water,  an  ounce  to  the  pint,  infusion  of  quassia, 
a  few  drops  of  tincture  of  the  perchloride  of  iron,  vinegar  or  alcohol  and 
water,  and  lime  water  may  be  mentioned.  As  it  is  hopeless  to  reach  the 
csecum,  where  the  bulk  of  the  worms  is  situated,  by  enemas,  such  means 
are  of  use  in  killing  or  dislodging  those  piirasites  only  which  have 
descended  to  the  rectum  piior  to  their  escape  per  anum ;  the  enema, 
therefore,  need  not  exceed  a  pint  in  the  adult  or  five  ounces  in  the  child. 
Suppositories  of  quassia  with  cacao  butter  are  said  to  be  an  efficient  and 
convenient  substitute.  If  precautions  are  effectually  taken  against 
reinfection  from  without,  and  auto -inoculation,  the  worms  disappear 
rapidly ;  and  a  radical  cure  may  be  looked  for  in  from  four  to  six  weeks. 
Nocturnal  irritation  is  prevented  by  smearing  the  neighbourhood  of  the 
anus  with  weak  mercurial  ointment,  or  sponging  with  carbolic  lotion. 

In  families  and  large  public  institutions  in  which  this  helminthiasis 
has  broken  out  some  trouble  should  be  taken  to  prevent  its  spread. 
Particular  care  should  be  exercised  to  secure  clean  underclothing,  clean 
bed-linen,  clean  towels,  and  clean  privies  ;  raw  fruit  and  vegetables  should 
be  interdicted,  and  all  plates,  dishes,  and  drinking-vessels  so  cared  for 
that  such  dust  or  dirt  as  might  possibly  contain  ova  of  the  parasite  is 
prevented  from  contaminating  them. 

Family  II. — Strongrylidsd 

In  the  ^/mAk/y/w/ri'the  male  opening  is  placed  at  the  posterior  end 
of  the  body,  at  the  bottom  of  an  umbrella-  or  bell-shaped  copulatory 
biu'sa,  the  margin  of  which  is  furnished  with  a  varying  number  of  papillae. 
There  are  six  mouth-papillie,  and  often  chitinous  teeth.  Body  generally 
cylindrical,  not  filiform. 

L  Eustrongylus  gigas^  (liudolphi)  1802. — (Synonyms:  As,  cams  et 
martis  Schrank  1788,  As.  visceralis  et  renalu  Gmel.  1789,  Strongj/lus 
gigas  Rud.  1802,  Eudrongylus  gi^fus  Dies.  1851,  Stroiigylus  renalis  Moq.- 
Tand.  1860,  Eiistrongylns  mcentlL^i  I^ill.  1885.) — The  giant  strongyle, 
the  largest  of  the  nematodes  affecting  man,  is  much   more   frequently 

'  Ward  describes  this  species  under  the  name  Dioctophyme  renale  Goeze  1782. 
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found  (although  even  in  them  it  is  a  very  uncommon  parasite)  in  eeruip 
other  maminalia — particularly,  according  to  Leuckart,  in  those  that  Vf 
always  or  occasionally  ichthyophagous,  such  as  the  dog,  wolf,  fox,  ;in«l 
seal.  It  has  also  been  found  in  the  ox  and  horse,  which,  as  is  well  knovnu 
in  northern  latitudes  sometimes  eat  fish.  It  is  conjectured  that  ceruin 
larval  nematodes  of  the  muscles  of  fish  are  an  early  stage  of  this  parasiic; 
experiment  has  not  confirmed  this  conjecture. 

In  appearance  the  giant  strongyle  is  like  an  overgrown  A.  lu»d/rmtd(<. 
it  is  readily  distinguished,  however,  from  this  parasite  by  its  enormous 
size,  and  by  the  copulatory  bursa  on  the  tail  of  the  male,  which  is  so  lan.'e 
as  to  be  quite  apparent  to  the  naked  eye ;  further,  it  is  blood  red.  The 
male  measures  from  14  to  40  cm.  in  length  by  4  to  6  mm.  in  breadth; 
the  female  25  cm.  to  1  metre  in  length  by  4*5  to  12  mm.  in  diameter. 
The  male  has  only  one  spicule,  which  protrudes  from  the  cloaca  at  the 
bottom  of  the  copulatory  bursa.  The  eggs  are  oval  (0'064  mm.  to  006^ 
mm.  by  0  042  to  0*044  mm.),  and  have  a  thick,  brown,  fragile,  foveolateii 
shell  which  is  quite  characteristic  and  constitutes  an  important  diagnostic 
indication  if  met  with  in  bloody  urine. 

The  parasite  is  usually  located  in  the  kidney.  Two  or  thi'ce  or  mon- 
may  be  found  together;  in  rare  cases  even  as  many  as  eight.  Sometimes 
it  appears  to  cause  little  damage  and  few  symptoms  ;  more  usually  it  caiiM^ 
disorganisation  of  the  organ,  converting  it  into  a  pus-filled  cyst,  and  ginnj: 
rise  to  much  pain  and  hsematuria.  It  may  leave  the  kidney  and  stray  to 
the  peritoneal  cavity,  to  the  pleura,  to  the  liver,  bladder,  perinephric 
fascia,  and  other  pirts,  in  which  situations  it  has  been  occasionally 
encountered  in  the  lower  animals.  Although  it  has  only  been  found 
some  twelve  times  in  man,  it  has  a  wide  geographical  distribution, 
having  been  met  with  in  the  lower  animals  in  most  countries  of  Europe, 
and  of  North  and  South  America. 

Should  the  characteristic  ova  be  found  in  the  urine,  and  local  pain 
determine  the  kidney  in  which  it  is  lodged,  the  parasite  might  be 
removed  by  surgical  means. 

ii.  Strongylus  appi  (Gmelin)  1789. — (Synonyms:  Gordius  pulmoiuih^ 
apri  Ebel  1777,  As,  apri  Gmel.  1789,  Strmgiilus  siiis  Rud.  1809,  >'/. 
paradoxus  Mehlis  1831,  St.  eloiigatm  Duj.  1845,  St,  longenvjinatvs  Dies. 
1j851.) — This  parasite  has  been  found,  in  large  numbers,  in  the  lungs  i»f 
a  boy  in  Transylvania,  and  in  the  alimentary  canal  of  man.  The  males 
measured  12  to  25  mm.  in  length  by  0*55  in  diameter,  the  females  26  to 
50  ram.  by  0*7.  This  species  normally  occurs  in  the  bronchi,  usually  the 
smaller  bronchi,  in  the  pig,  both  domesticated  and  wild. 

iii.  Strongylus  subtills  ^  Looss  1895. — The  males  are  4  to  5  mm.  Ion::, 
anteriorly  only  0*009  mm.,  but  just  before  the  bursa  0*07  mm.  in  breadth. 
The  male  has  a  single  spicula.  The  females  are  5*6  to  7  mm.  in  length, 
and  anteriorly  001,  widening  to  0*097  behind.     The  ripe  eggs  are  ovjij. 

^  Looss  (324a)  has  rweutly  redescribed  this  worm  untler  the  name  Tncho*trvn*H'"" 
suhfi/i's  f  Ix>oss).  He  mentions  two  otlier  s])ecies  of  the  same  genus,  T.  jjrofx^yrtta  ^Rail)i»'t . 
and  T.  vitrinH.s  Looss,  also  found  in  sheep  and  camels,  as  occasionally  met  with  in  nan. 
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0-0C3  by  0-041  mm.  in  size,  and  thin-ahelled.  It  occurs  In  the  alimentary 
canal  of  man,  in  Egypt  and  Japan,  and  is  also  met  with  in  camels  and 
fibeep. 

iv.  Ankylostoma  duodenale '  I>ubini  1843. — (Synonyms:  tHrongi/lus 
guuilikifiitulus  v,Hieh.  1X51, D'lhtiiius ancli ^Ius/ohudii  MoVm  18G0,  Sderusliniiu 
Juixienak  Cobb.  1864,  Sir.  diHAlnuiUs  Schneid.  1866,  Hochmias  duodrmdu 
Iickt.  1876)  (Figs.  178  to  1R4).— Since  Dubini  discovered  the  tunnel- worm 
in  Milan  in  1838  it  has  been  found  in  so  many  countries  that  it  ia  highly 
probable  that  A.  duodenale  ia  generally  endemic  all  over  the  globe  between 
the  parallels  51~  .')!'  \.  and  30  iS. ;  at  all  events,  in  those  localities  where 
the  character  and  hydraulic  conditions  of  thu  soil  and  the  habits  of  the 
inhabitants  favour  its  projiagation.  In  Egj'pt  it  is  found  in  about  20  to 
30  per  cent  of  imti)[)sies ;  in  India,  Dobaon  found  it  in  the  stools  of 
V5-58  per  cent  of  1:249  natives  to  whom  he  had  administered  thymol. 


(2) 


■;-.(ab...iI 


It  seems  to  be  equally  common  in  the  West  Indies,  Guiana,  Bnizil, 
Ceylon,  the  Straits  Settlements,  Java,  China,  the  1'hilippinea,  Japan,  and 
Hawaii,  anil,  indeed,  in  most  other  tropical  and  subtropical  countries  in 
Trhich  it  has  been  searched  for.  Its  ova  are  very  freijuently  met  with 
in  the  stools  of  natives  of  warm  counti'ics  visiting  England.  Acconling 
to  Cobbold,  it  ia  not  endemic  in  this  country,  but  recent  oliservations  by 
Drs.  Haldane,  Boycott,  aTid  others  shew  that  this  immunity  no  longer 
obtains.  It  is  frequently  met  with  in  the  warmer  regions  of  Kurojw  and 
of  North  America,  more  especially  in  damp  mines  where  the  temiwrjttnre 
is  liigb  and  the  sanitation  defective.  Knglishmen  returning  from  the 
tropics  are  sometimes  affected. 

The  normal  habitat  of  ,7.  dimlennli-  is  the  small  intestine  of  man, 
particularly  the  Jcjinmm  ;  less  often  the  duodenum,  rarely  the  iletini  or 
lower  reaches  of  the  alimentary  canal ;  occastonnlly  it  has  been  foun<)  in 
the  stomach.  In  these  situations  it  attaches  itself  by  means  of  its 
powerful  buccal  armature  to  the  mucous  membrane,  large  prolongation  a 
of  which  it  sucks  down  into  its  a'sophagus.  This  pDrtion  of  the  mucous 
membrane  is  destroyed.     Some  of  the  worms,  and  they  may  be  free  or 

'  Knoum  liy  tlie  Atueriuau  hell  ill  utliolngiiU  aa  ('HCiiiurta  diiixUnaliii  Uuliiui  IS43. 


irju,  I'mwrit  RlandH;  gLrrrc,  oiirii-sil  kIiikIi; 
ill.'^lA',   nnl     erf    rrpbulie   Klandu;    m."    - 

iiinscli-ii  nf  till'  ?'[ikiilv;  HU,iri.frftfi.  niii'U 
th*  i4Tili»11n  Mlandii :  •■■«.  <™(ii'>ti««iiB ;  pani- 
rrtioil  |i(i]iill;<' ;  p.rr,  ritcn**!-  Inn' ;  "i.i. 
upltnilr:  It.  tcstin;  ic*.  <■■»)  nr  tli«  MUr 
r.',  VBsicBb  aeiuliulli.     From  l.oog*. 
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intain  fresh  blood  in  their  alimentary  canal,  others  do  uot. 
o  Looss,  if  blood  be  present  the  corpuscles  are  undigested,  the 
)f  the  parasite 
ells  comprising 
layer  of  the 
(t  is  supposed 
.8  hold  from 
.the  abandoned 
;  biood  for  a 
3.       The     two 

glands,  which 
3  base  of  the 
s,  discharge,  it 
ijectiired,  some 
substance    into 

the  host 
lie  and  female 


Fro.  1M.-H™)  of  Jpit-y-iK- 


|i«pTll»' 


a  the  propor- 
of  the  former 
the  latter — do 

>  much  in  size  as  do  many  of  the  other  nematodes.  The 
ire  from  8  to  10  mm.  in  length  by  04  to  0-5  mm.  in  breadth  ; 
12  to  18  mm.  iti  length  by  1  mm.  in  breadth.  Both 
indrical  in  form ;  white  when  they  are  alive,  grey  when  dead, 
rown  when  full  of  blood.  In  both  sexes  the  posterior  end  is 
t  part,  whence  the  body  taiiei-s  forward  to  a  narrow  neek, 
in  the  bulging  and  distinct  mouth  capsule.  The  mnrgin 
arkable  orgnn  is  furnished  with  four  strong,  claw-like  hooks, 
two  on  each  side  of  th« 
ventral  line,  and  two  conical 
teeth,  one  on  each  side  of 
ihe  dorsal  line.  The  tail  of 
the  female  is  pointed,  and 
ends  in  a  short,  delicate 
spine,  the  anus  being  snb- 
tcrminal  and  the  vagina 
opening  on  the  ventral  sur- 
face at  the  commencement 
of  the  posterior  third  of  the 
a  k  body.     The  tail  of  the  male 

kI  iii.iM  n  of  til-  mill-  .i(  AniiUM-mc  is  providcil  with  a  large 
;l,''^>;;"M:,^^"'''''"■  "^■" '™"  ""■  "■"■  umbrolla-liko  trilobate 
bursa,  having  eleven  ribs : 
id  delicate  spicules  project  from  the  cloaca  at  the  bottom  of 
From  the  relative  positions  of  the  sexual  oiwninga  the  worms 
on  look  like  the  Greek  "  y." 
-FT.  II  3  M 


in  tne    nurgmg  anu   uisnnci 
arkahle  organ  is  furnished  with 
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The  female  Ankijlmioma.  produces  a  jirodigious  ami  never-ending 
of  eggs  which  passes  out  in  the  faeces  of  the  host.  These  eggs  (Oi)M  to 
0061  mm.  by  0034  to  0-038  mm.)b»ve  a  regular  oval  form,  with  h  ddiaK 
smooth,  and  beautifully  trans[iarent  shell,  through  which  the  gri:,>-iah  >n 
distinctly  segmented  yolk  can  be  readily  seen.  While  in  the  body  oJtbt 
host  development  does  not  ttdvauce  further ;  bill  on  leaving  it  devfjo^ 
inent  proceeds,  in  suitable  circumstances,  so  rapidly  that  in  one  to  ti 
days  ii  rhabditiform  embryo  (0'2  mm.  by  0'014  mm.)  is  born.  TUl 
minute  organism  is  very  active,  voriiciously  devouring  whnt  orguiiD 

it  can  find,  and  for  a  week  it  grows  rapidly  (ta  OH 
mm.  by  0024  mm.).  During  this  lim«  it  nxHilH 
twice.  After  the  second  moulting  it  passes  iti 
sort  of  larval  state,  during  which  it  no  longer 
and  growth  is  suspended.  In  this  comlition  it  nujr 
live  for  WL^eka  or  months,  moving  about  more 
languidly  in  muddy  water,  in  mud,  or  in  itaDip 
earth.  Should  chance  so  determine,  tbe  larv. 
finally  transferred  lo  the  human  alimenbuy  oiiibI 
ber,  as  Looss  has  shewn,  by  boring  tlirouj;li  Lbe 
\  skin,   or   possibly,  but   this   is  unlikely,  by  bernj 

~ carried  to  the  alimentary  canal  in  nmddy  d^iokiDj^ 

water,  or  in  tlm  mud  or  dirt  adhering  to  the  bands  or  di&hes  of  liw 
agriculturist,  the  brick-maker,  or  other  operative  engaged  in  handling  <W 
Eoil ;   or,   it   may  be,  in   earth  deliberately   eftten  bj-   tbe   gcophiigi>L 
When    the    minute    j4  nh/losiiima    larvae,    which    have    hatched 
the    soil,    come  in  contact   with    the  skin  of    man,    they    immediaiFljr 
b^in  to  bore  through  the  epidermis,  many  of  them  passing  along  ds 
hair- follicles.     If  in  great  numbers  they  cause  a  marked  inflammatitn  J 
the  skin,  and  such  nematode  larvfe  may  in  many  cases  be  responMbli 
the  dermatitis  variously  known  as  "cooley  itr.h,"  "sore  feet,"  " 
itch,"    etc.,    in    tropical   countries,    and    "  bunches ''    in    Cornish    mnii 
Having  reached  the  cutis  they  make  their  way  into  the  lymph -capitlariei 
later  into  the  superficial  veins.     Thus  they  reach  the  venous  sysleai  eiti 
directly  or  through  tbe  thoracic  duct,  and  by  this  roiitc  are  cunveyetl  M 
the  lungs.     They  then  traverse  tbe  soft  pulmonary  tissues  and  emet^ 
the  air-vesicles  and  bronchial  tubules.      Here   they  undergo  their  tliirj 
ecdysis,  and  then  wriggling  u])  the  mucous  secretion  in  the  bninchi  ■> 
trachea,  turn  back  at  the  glottis  and  pass  down  the  ceaophagns  into  tl 
stomach.      Arrived  in  its  final  host,  after  moulting  again  at  the  end  of  fi' 
weeks  (Leichtenstem),  they  acquired  sexual  characters  and  the  pel 
adult  form.     The  duration  of  the  life  of  ,/.  ihuiilenalr  in  the  iiitestina 
not  lieen  determined ;  some  state  it  in  months,  others  in  years  (Sonannk 

Col.  Giles  holds  that  A.  diuxlrnnlf  may  liecome  sexually  matuTv  wl 
outside  the  body  and  in  the  free  state ;  in  other  words,  that  it 
genetic.  His  observations  have  recently  been  confirmed  in  part  by 
Sandwith,  although  doubt  has  been  thrown  on  their  relevancy  by  Siuuii* 
and  Macdonald. 
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V.  Kecator  americanus  Stiles  1903.— (Synonym:  Undnaria  an\en- 
eana  Stiles.) — The  American  hook-worm  or  tunnel-worm  differs  from 
the  Aniyloslorna  in  the  absence  of  the  four  oral  teeth.  It  is  slightly 
shorter  and  clearly  thinner  than  the  A.  duodmak,  the  male  being  7  to  10 
mm.,  the  female  9  to  11  mm.  in  length.  The  head  benda  i-ound  lowards 
the  dorsal  surface ;  the  oral  hollow  ie  small,  without  any  teoth  on  its  free 
edge,  but  in  place  of  them  are  two  plates  with  cutting  eiigea.  Deep 
v^ithin  the  capsules  are  the  ventral  teeth,  just  aa  in  J.  duodenah.  The 
lateral  wings  of  the  copulatory  bursa  in  the  male  are  prolonged  so  that 
the  bursa  seems  two-lobed.  The  eggs  closely  resemble  those  of  the 
European  hook-worm,  but  are  a  little  bigger  (0-064  to  0-072  by 
0'036  mm.),  and  they  are  slightly  more  pointed  at  the  poles. 


no.  IS&.-Hc4rl 


The  presence  of  this  worm  in  the  alimentary  canal  of  the  "poor 
white  "  or  "  mean  white  trash  "  of  the  Sonthom  States  has  been  recentlj' 
the  subject  of  much  research,  ^^*e  are  still  in  ignorance  of  many  of  the 
details  of  the  development  of  JV.  avierkantis,  but  it  probably  differs  little 
from  that  of  A.  d^wdenalf ;  the  clinical  symptoms  it  gives  rise  to  closely 
resemble  those  caused  by  the  latter. 

This  species  has  recently  been  shewn  to  occur  in  the  intestines  of  the 
rix  pygmies  (Looss)  belonging  to  the  Mhnte,  who  were  recently  exhibited 
in  London.  Thus,  we  mustadd  as  well  as  both  Americas  the  central  part 
of  Africa  as  the  home  of  this  parasite.  The  pygmies  also  harboured  an 
Axaru  sp.,  Schistoxomum  hii-malolrium,  Tnehoeejihalus  Irifhiiirttf,  and  Oxyurh 
termicularis.  Nemlor  anuTvunw  also  occitrs,  according  to  Dr.  -T.  W.  'W. 
Stephens,  in  Madras,  Assam,  and  Burma. 

Ankylostomiasis.^  —  Considering  the  insignificant  size  of  these 
'  Tlie  Auiiuicuia  havn  callwl  tbb  dU«ut  UDcinariaua. 


partieites,  it  is  luiHkely,  so  long  as  the  numbers  are  small,  ChKt  eaimn 
inconvenience  should  reeult  from  their  presence  in  the  inteAtine.  Bnt 
when  these  numbei's  mount  up  to  hundreds  or  thousands,  as  is  often  tiu 
case,  as  a  result  of  the  constant  drain  of  blood  the;  keep  u)<  for  muntlu 
or  years,  the  dyspepsia  and  malnutrition  entailed  by  their  preseoce,  Lfa« 
wounds  they  inflict  on  llie  mucous  membrane,  and  it  may  be  tbo  hwrnolrtic 
toxin  they  secrete,  a  grave  cachexia — the  state  known  as  ankyloetotniuu 
— is  produced  and  not  infrequently  leads  to  u  fatdl  issue. 

The  recognition  of  this  form  of  helminthiasis  as  an  import«nt  \i»lh<r- 
lexical  condition  is  of  comparatively  recent  date.  Griesinger  was  the 
lirst  to  point  out  that  the  form  of  antemia  known  as  Egyptian  chIorn«i> 
is  of  this  naluru  ;  and,  kter,  other  observers  shewed  that  a  simiUr 
anicmia  was  common  among  negroes  iii  America.  Public  attention,  ho"- 
ever,  was  not  forcibly  directed  to  the  subject  until  1880,  whon  tht 
occurrence  of  the  notorious  epidemic  of  aniemia  among  tlie  worlnnHi 
engaged  in  making  the  St.  Gothard  tunnel  was  shewn  to  be  of  tbit 
nature.  It  was  subse(|Uontly  discovered  that  similar  antemic  condilirau 
originating  from  the  same  cause  wei-e  not  uncommon  unong  the  ««rk 
men  employed  at  certain  European  mines ;  and  recently  it  has  htun 
proved  that  the  parasite  and  the  cachexia  to  which  it  gives  rts«  an 
exceedingly  common  throughout  the  tropical  and  subtro|iical  reg^oni 
The  parasite  h*i8  lately  been  vei-y  common  in  the  Wcstphalian  coal  fldcK 
and  has  recently  been  imported  into  the  tin  mines  of  Cornwall. 

As  with  many  discoveries  on  their  first  being  mode  known,  tbt 
importance  of  the  Aiikyhdoma  was  exaggerated,  not  a  few  diseosef— 
beriberi  for  example — being  attributed  to  it  with  which  it  is  in  no  wai 
concerned.  Nevertheless,  although  many  of  the  diseases  for  which  it  bu 
been  blamed  have  nothing  to  do  with  the  Ardyloslnma,  it  cannot  ht 
doubted  that  this  parasite  in  many  instances,  and'  in  l' 
well  deserves  the  evil  reputation  it  has  acquired. 

The  exiict  conditions  under  which  AnlyhtUtma  liiwdmnlr 
gravely  [lutbogenetic  are  perhaps  not  yet  thoroughly  untlftrstond,  fnr  *■ 
meet  with  all  the  symptoms  of  pronounced  ankylostomiasis  In  paUenil 
whose  intestines  contain  comparatively  few  ankylusiomes ;  wbi-TeAS  llww 
parasites  may  be  present,  even  in  vast  numbers,  in  persons  who  arr, 
notwithstanding,  to  all  appearance  healthy  and  robust.  In  detennining 
the  establishment  of  this  cachexia  much  must  depend,  therefore,  npw 
inilividual  iiliosyncrasy  in  respect  of  digestive  power,  and  on  the  tolcrain* 
of  bloo<I  depletion  and  of  intestinal  in-itation ;  also  on  the  individud 
physiological  margin,  on  the  conditions  of  physical  work,  and  on  tl« 
<jiiantity  and  quality  of  aliment  obtainable.  It  can  be  readily  iindOTSl4N)d 
that  a  vigorous,  healthy  European,  well  nourished  on  flesh,  eggs,  and  dKb- 
like  concenti'atfld  and  easily  digested  foods,  will  stand  a  larger  itmciai 
of  AiikylmUmta  than  the  feeble,  limp,  labouring  Indian.  The  lattOT.  tt 
obtain  siiflicient  nutriment  from  his  coarse  dietary  of  sweet  txitauxis,  ri<b 
vegetables,  and  other  bulky  and  innutritious  foods,  has  bo  to  suiff  i» 
stomach  three  or  four  times  a  day  that  dilatation  of  thst  organ.  an<l  the 
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various  catarrhal  and  dyspeptic  conditions  thus  entailed,  must  necessarily 
ensue  ;  doubtless  these  concomitants  have  a  large  share  in  the  production 
of  the  pathological  picture  in  which  the  Atikylostoina.  is  only  one,  though 
perhaps  the  leading  featiu*e. 

Then,  again,  in  many  tropical  countries  a  considerable  proportion  of 
the  population  lives  in  a  chronic  stiite  of  semi-starvation  hard  for  us  to 
realise.  Under  such  conditions  the  djiily  loss  of  blood  which  a  few 
hundred  ankylostomes  entail  is  a  serious  matter,  and  may  be  all  that 
is  required  to  turn  the  scale  and  start  the  vicious  circle  of  famine 
degeneration. 

Sffmptonis, — The  essential  symptoms  of  ankylostomiasis  are  those  of  a 
progressive  anaemia  generally  associated  with  symptoms  of  intestinal 
catarrh  leading  in  time,  if  not  checked,  to  fatty  degeneration  of  the  heart 
and  other  organs,  and  ultimately  to  serous  effusions  and  dejith. 

Pain  in  the  epigastnum  radiating  towards  the  umbilicus,  increased 
by  pressure,  but  generally  relieved  by  food,  is  one  of  the  earliest  signs  of 
invasion  by  yinkyloat^yma.  This  piin  may  be  accompanied  by  dyspeptic 
troubles,  colicky  symptoms,  and  borborygmi.  The  appetite  is  very  often 
ravenous,  although  the  digestive  powers  may  l)e  feelile  ;  occasionally  there 
is  anorexia.  Perverted  appetite — pica  or  geophagy,  as  it  is  sometimes 
called — is  a  common  occiUTonce  in  this  as  in  other  forms  of  intestinal 
helminthiasis,  and  is  especially  dangerous  in  ankylostomiasis,  as  in 
this  malady  its  indulgence  may  tend  to  increase  the  infection.  The 
bowels,  generally  constipated  at  first,  may  in  the  advanced  disease  be 
loose  and  irregular.  Sometimes,  though  rarely,  the  stools  have  a  reddish- 
brown  tinge  from  sanguineous  admixture,  and  pieces  of  blood-tinged 
mucus  may  be  passed  ;  but  pure  blocnl  is  rarely  seen,  for,  though  escap- 
ing, perhaps  in  considerable  quantity,  from  the  wounds  made  by  the 
parasites  in  the  upper  part  of  the  intestine,  it  is  so  mixed  with  the 
chyme,  and  so  altered  by  the  intestinal  juices,  that  it  is  not  recognisable 
in  the  stools.  Temperature  is  usually  subnormal ;  at  times  there  may  be 
transient  flashes  of  fever. 

As  the  disease  advances  signs  of  antemia  set  in — such  as  pallor  of 
mucous  surffices  and  complexion,  breathlessness,  lassitude,  i)alpitations, 
haemic  biiiits,  tinnitus,  dimness  of  vision,  vertigo,  depression  and  apathy, 
irritability  of  the  circulation,  attacks  of  syncope,  o?dema  of  the  feet,  and 
the  usual  train  of  symptoms  attending  recurring  and  i)i-olonged  hiemor- 
rhage.      Retinal  htemorrhages  have  also  been  observed. 

Secondary  dyspeptic  conditions,  such  as  gjistralgia,  vomiting,  luema- 
temesis,  dilatation  and  ulceration  of  the  stomach,  often  complicate  and 
aggravate  the  more  pronounced  cases.  Vet,  strange  to  say,  with  all  this 
ausemia  and  the  secondary  dyspeptic  conditions,  provided  the  feeding 
be  good  and  sufficient,  the  patient  remains  fat  and  phimp  ;  the  intense 
pallor  and  cedema  being  the  only  signs  which  force  themselves  on  the 
attention. 

Progress  is  sometimes  very  rapid  ;  in  a  few  weeks  the  patient  may  l>e  . 
brought  to  a  (hmgerous  state  of  anaemia,  and  even  death  may  occur  from 
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syncope  or  serous  effusions.  The  vast  majority  of  cases,  however,  bavr 
a  more  chronic  course,  extending  over  years ;  in  these,  if  death  result, 
it  is  often  due  to  some  intercurrent  disease. 

In  children,  not  only  does  the  Anhyhdoma  produce  anaemia,  but 
it  stunts  the  growth  and  delays  the  occurrence  of  puberty.  When 
such  children  grow  up — ^particularly  if  malarial  cachexia  be  combined 
with  ankylostomiasis  —  they  remain  childish  in  appearance,  puny  in 
size,  sexually  immature,  and  with  characteristic  high-pitched  treble 
voices. 

Drs.  Boycott  and  Haldane  have  shewn  that,  as  in  chlorosis,  the  total 
volume  of  the  blood  is  much  increased,  whilst  the  total  oxygen -capacity  l> 
slightly  diminished.  The  average  increase  in  volume  in  their  cases  was 
94  per  cent,  the  average  decrease  in  oxygen-capacity  1 1  per  cent  The 
number  of  red  blood -corpuscles  per  c.mm.  is  usually  decreased:  in 
antt'niic  cases  they  may  fall  as  low  as  800,000  ;  Dr.  Sandwith  give* 
1,290,000  as  an  average  of  173  anaemic  cases.  The  characteristicg  of 
the  so-called  Egyptian  chlorosis  set  up  by  this  parasite  are — (1)  severe 
anaemia;  (2)  very  low  haemoglobin  averages;  (3)  very  low  colour-inJox : 
(4)  the  frequent  presence  of  normoblasts  and  in  some  cases  of  megal«> 
blasts,  but  never  a  majority  of  megaloblasts ;  (5)  the  frequent  presence  oi 
poikilocytes  and  of  cells  shewing  polychromatophilic  staining. 

The  total  number  of  leucocytes  per  c.mm.  are  in  cases  of  recent 
infection  usually  increased,  and  the  amount  of  this  increase  is  <juii« 
independent  of  the  other  symptoms  exhibited.  Drs.  Pkiycott  and 
Haldane  record  counts  up  to  56,000  in  cases  of  recent  infection,  which 
wore  not  associated  with  any  severe  symptoms.  The  main  feature, 
however,  of  the  blood  in  these  cases  is  the  presence  of  an  eosinophilli, 
with  both  an  absolute  and  a  relative  increase  of  the  eosino])hil  coarsely- 
granular  blood  leucocytes.  This  feature  is  so  characteristic  of  infections 
with  this  nematode  that  Dr.  Bovcott  recommends  a  differential  count  of 
the  blood  leucocytes  as  the  first  line  of  evidence  in  diagnosing  the  disease, 
when  a  large  body  of  men  have  to  be  subjected  to  examination.  The 
degree  of  eosinophilia  varies  >vith  the  total  leucocyte  count,  and  is  \i)siA 
constant  and  best  marked  in  those  pei-sons  who  are  not  suffering  from 
anaemia  ;  that  is,  in  those  persons  who  shew  nothing  which  would  suggest 
that  they  harbour  the  worm.  Ninety-four  per  cent  of  the  148  cases  trf 
Ankylostoimi  infection  examined  by  these  authors  shewed  an  eosinophilu 
of  more  than  8  per  cent  with  an  average  of  1 8  per  cent  Their  higfae^t 
figures  are  06  per  cent  in  two  cases  of  recent  infection,  with  total  leuco<yte 
counts  of  r)r).(M)0  and  44,000  per  c.mm.  respectively. 

As  the  disease  becomes  more  chronic  the  percentage  of  eosinophil  ceils 
tends  to  fall,  but  in  such  cases,  after  treatment,  a  rise  in  the  number  of 
eosinophils  is  to  be  expected,  and  at  any  time  such  a  rise  is  of  gooii 
prognostic  import.  Ashford  and  other  American  writers,  working  on  case? 
of  patients  infected  with  Necator  atnericanus,  have  confirmed  these  g^eral 
,  results  on  persons  harbouring  that  {mrasite. 

Dui gnosis. — The  secret  of  the  diagnosis  of  ankylostomiasis,  like  that  of 
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so  many  other  diseases,  is  to  suspect  its  presence.  Microscopic  examina- 
tion of  the  faeces  justifies  or  dismisses  this  suspicion  at  once.  If  ova 
are  found,  some  idea  of  the  extent  of  the  infection  may  be  got  from 
an  enumeration  of  the  eggs  in  a  given  quantity  of  faeces.  According 
to  Grassi  and  Parona,  150  to  180  eggs  per  centigramme  of  f»c*'S 
indic<'ite  approximately  an  infection  of  1000  worms,  nicale  and  female 
together.  Sometimes  it  happens  that  although  the  Anhjlostmia  has 
disappeared  the  subsequent  anaemia  and  degenerations  progress,  even 
to  a  mortal  issue,  the  fatal  pathological  circle  of  famine  changes  having 
become  established  before  the  woims  had  l>een  got  rid  of.  In  these  cases 
ova  are,  of  course,  absent  from  the  stools,  and  a  diagnosis  can  only  be 
guessed  at  from  a  consideration  of  the  history  and  other  circumstances. 
On  the  other  hand,  although  a  certain  number  of  ova  may  be  met  with  in 
the  stools  of  some  cases  of  anaemia,  the  diagnosis  of  ankylostomiasis  must 
not  be  jumped  at  without  a  careful  consideration  of  the  entire  circumstances 
of  the  case,  and  a  careful  exclusion  of  such  causes  of  anaemia  as  malarial 
disease,  Bright's  disease,  cancer,  tuberculous  disease,  idiopathic  pernicious 
anaemia,  leukaemia,  and  so  forth.  It  should  always  be  borne  in  mind  that 
the  majority  of  the  natives  in  many  warm  countries  harbour  Avhjlostoina 
and  Trirhocephi litis  besides  the  more  readily  recognised  Ascaris  lumhricoides ; 
and  that,  therefore,  the  presence  of  any  or  all  of  these  i)arasites  may  be 
expected  in  many  diseases  for  which  they  are  not  in  the  slightest  degn  e 
responsible. 

In  every  case  of  tropical  anaemia  the  possibility  of  ankylostomiasis 
should  be  entertained,  more  especially  if  on  examination  of  the  blood  a 
pronounced  eosinophilia  be  discovered,  or  if  a  history  of  small  boils  or 
papular  eruption,  especially  about  the  hands  or  feet,  has  been  elicited. 
Eosinophilia  occurs  in  most  verminous  infections,  but  when  concurrent 
with  pronounced  anaemia  it  is  particularly  significant  of  ankylostomiasis, 
and  plainly  calls  for  a  microscopical  examination  of  the  stools  for  the  ova 
of.  this  paiusita 

Thepathologiadaimtomy  is  that  of  extreme  anaemia,  j>lus  the  local  lesions 
in  the  small  intestines  produced  by  the  ankylostomes.  Besides  the  extreme 
pallor  and  bloodlessness  of  all  the  tissues,  there  is  general  oedema,  and 
often  also  effusion  into  the  serous  cavities.  Many  of  the  viscera  shew 
signs  of  fatty  degeneration,  particularly  the  heart,  which  is  pale,  yellowish, 
flabby,  and  dilated.  Some  pathologists  have  described  an  excess  of 
iron  in  the  liver,  pointing  to  a  haemolytic  as  well  fis  a  simple  luemorrhagic 
origin  for  the  anaemia  ;  such  a  haemolysis  they  attribute  to  the  absorption 
by  the  intestine  of  some  product  of  the  parasite.  Other  observers  deny 
any  excess  of  iron  in  the  liver,  and,  consequently,  the  toxic  absorption 
referred  to.  If  careful  search  be  made  soon  after  death  in  the  small 
intestine  the  Anh/loshma  mav  be  found  still  attached  by  the  mouth 
to  the  mucous  membrane ;  if  the  post-mortem  has  been  delayed 
the  parasites  will  be  found  loose  in  the  mucus.  Scattered  about  the 
intestine,  in  and  under  the  mucous  layer,  and  shewing  through  the 
serous  and   muscular  coats   of   the    pallid   Ix^wel,  a   number   of   small 
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ecchj'mosefl  are  to  be  scon.  If  the  centres  of  these  be  carefully  MrulnriMil 
the  minute  wound  intlictwi  by  llie  ankyloalonio  can  be  dotectwi.  lu  rm 
iiistan<:e8  parsisitea  havL^  bcuii  found,  singly  or  in  pairs,  in  &  blood-filled 
cavity  the  size  of  a  Klbert  underneath  the  niucoiis  membmne :  »  rainnti 
aperture,  the  hole  by  wbiuh  the  worms  had  enlered,  npeDing  into  it.  Tbu 
sit«s  of  old  haemorrhages  are  iniUcateil  by  punetifomi  pigmentation.  Ai 
times  there  may  be  thickening  and  even  awelling  o!  the  taucoea,  ami 
other  aigns  of  old  and  recent  catarrh.  The  raucous  membrane  of  t^ 
part  of  the  bowel  where  the  pai-a&itositre  located  is  usually  streaked  vitb 
blooil ;  rarely  (although  aueh  cases  are  on  record)  is  the  bijwcl  Ininl 
tilled  with  a  more  extensive  hemorrhage. 

'/VmififH^H^— Until  the  introduction  of  thymol  by  6oz»>lo  in  18{(0,tbe 
extract  of  male  fern,  in  heroic  and  sometimes  toxic  d traps,  wafltbeonlr 
eflicient  anthelmintic  in  ankylostomiasia,  In  Brazil  the  juice  of  tbe/inu 
iloleiiria  enjoyed  n  certain  reputation.  Both  of  these  remedies  wmt 
auperaoded  by  thymol,  which  had  the  further  advantage  of  lieing  cfTtctin 
against  a  variety  of  intestinal  para^tes,  such  as  tapewor  ~ 
bafki,  Gasljvdiseus  /t&mtitis,  and  poanibly  others.  Beta-naptithol 
used,  and  quite  recently  oil  of  eucalyptus  baa  been  advocnied  ;  it  u  nrj 
effective,  and,  being  less  toxic  and  much  more  pleasant  to  take,  is  likely 
to  supersede  tilix  nins,  thjonol,  and  beta-iiapbthol. 

To  lie  effective  thymol  must  be  given  in  full  doses,  1  Ti  to  30  ynin^ 
repeater]  three  or  four  times  at  intei'vals  of  one  and  a  half  to  two  hoan, 
ir  the  bowels  do  not  act  Bpontaneouely  within  twelve  Iiourti  uf  the  tan 
dose  a  purgative  should  be  given.  It  is  well  to  clear  out  thr  bowels  the 
day  before  the  admin ialmtion  of  the  thymol,  aud  Ut  place  the  [Kttjeatfnr 
the  time  being  on  liijuid  diet,  It  is  best  administered  in  cacheU  or 
tublets.  In  hospitiil  or  dispensary  practice  in  the  endemic  ilnlriru 
considerations  of  expense  suggest  that  it  had  bett^ir  be  given  in 
suspension,  caie  being  taketi  that  it  is  finely  tritiiratei)  before  mbcifqL 
A  draught  mjiy  >ie  served  out  from  a  stock  -  brittle  an  pre|nRU. 
Although  thymol  is  very  insoluble  in  water  there  is  same  dugtf 
attending  its  use  and  arising  from  its  absorption  in  poisonous  amamL 
Due  precaution  must  be  taken  against  such  a  mishnp.  ThornhtU  at 
Ceylon,  as  well  as  others  with  extensive  ejcpericnce  in  the  usp  of  tltc  iln^ 
state  this  most  emphaticAlly,  and  refer  to  several  deaths  fniiu  ci)IU|w 
after  full  doses.  Thymol  is  very  soluble  in  alenhol,  ether,  lurpontint^ 
chloroform,  oil,  certain  alkaline  solutions,  and  iu  glycerin.  Tberefon^ 
during  treatment,  and  while  the  drug  is  still  in  the  alimoniarj*  ommU.  th&e 
solvents  must  be  carefully  withhold.  These  dangers  and  prr-rattitioiu  an. 
as  a  rule,  not  sufficiently  recognised  by  practitioners,  nor  iiisiat«d  00  bf 
authors,  i^igns  of  thymol- poisoning,  such  us  delirium,  vertigo,  anil  daifc- 
brown  urine,  must  be  regarded  as  indications  tlmt  the  use  of  the  dnf 
should  be  suspended  for  a  time. 

Eight  daj'a  after  a  course  of  thymol  or  )>eta-naphthol,  which  nuy  le 
prescribed  in  the  same  way,  the  stools  should  agnin  be  rsaminod  niia» 
soopically  ;    if  ova  are  found   to  be   still    present   the  itrug   should  W 
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repealed.  A  certain  proportion  of  the  ankylostomes  resist  its  action, 
hence  the  necessity  for  readministration. 

Eucalyptus  oil  should  be  given  in  combination  with  chloi-oform  and 
castor  oil.  The  method  recommended  is  to  prescribe  min.  xxx,  chloroform 
niin.  xlv.,  castor  oil  3x.  Half  of  this  is  given  in  the  morning,  fasting, 
the  other  half  thirty  minutes  later.  The  drugging  may  be  repeated 
every  other  day,  or  as  long  as  eggs  are  found  in  the  stool.  After  the 
expulsion  of  the  parasites  has  been  secui'cd  the  anaemia  should  be  treated 
by  iron,  dieting,  and  on  ordinary  principles. 

Prophyliuin. — In  all  countries  in  which  ankylostomiasis  is  endemic 
great  care  should  be  taken  to  secure  a  pure  water-supply.  Where  this  is 
impracticable  all  drinking-water  should  Ixj  boiled  or  filtered.  Agriculturists, 
brick-makers,  miners,  and  all  those  whose  hands  or  feet  are  apt  to  l)e 
soiled  with  earth  or  clay,  must  wash  most  carefully  before  eating,  and 
on  returning  from  work ;  field-workers  should  be  encouraged  to  wear 
shoes  and  })utties.  In  villages  and  plantations  those  responsible  for  the 
health  of  the  natives  should  prevent  contamination  of  the  water-supply 
anil  of  the  ground  by  the  indiscriminate  casting  of  night-soil  about  :  and 
also  insist  on  the  systematic  use  of  privy  trenches,  or  other  suitable 
contrivance,  in  which  the  fajces  may  be  disinfected  or  efl'ectually  and 
permanentl}'  covered  up. 

(.-oolies  should  be  regularly  inspected,  and  amvmic  individuals  should 
be  examined  for  ankylostomes  and  treated  if  necessary.  The  workers 
in  infected  mines  should  be  similarly  inspected,  and  the  mintts  kept  as 
dry,  ctM)!,  and  sanitary  as  possible. 

vi.  Triodontophorus  deminutus  Kailliet  and  Henry  1905.  A  new 
species  allied  to  the  Strongylida^  has  recently  been  described  by  Kailliet 
and  Henry.  The  worms  are  cylindriwil,  pointed  at  each  end,  and  striated 
transversely.  The  laicoal  caj^sule  contjiins  thi-ee  teeth.  The  male  is 
9*5  mm.  long.  Its  genitjil  bursii  is  broader  than  long.  The  female  is 
11*7  mm.  long.  The  eggs  are  0*06  by  0  04.  The  parasites  came  from  a 
negro's  intestine  at  Mayotte.  The  genus  Tritnlonlophoruii  usually  inhabits 
th«»  large  intestine  of  the  P>^ui(lie. 

vii.  (Esophagostomum  brumpti  Kailliet  and  Henry  1905.  The 
Siime  ol>servers  have  also  described  this  new  s{x*cies,  taken  from  tumours 
in  the  large  intestine  of  an  African  negro.  Only  immature  females  were 
found.  Their  length  was  8*5- 1 0  mm.  There  are  six  cephalic  pa])illie  and 
an  oral  circle  of  twelve  spines.  The  genus  is  found  in  several  mammals, 
including  monkeys  and  apes.  The  young  forms  usually  occur  in  nodules 
in  the  intestinal  wall. 

Family  III. — Trichotrachelidse 

So  called  from  the  long  thin  **  neck,"  at  the  end  of  which  is  placed  a 
simple,  punctifomi  mouth.  The  (esophagus  in  all  the  species  constituting 
ibis  family  is  also  very  long  and  moniliform.  The  "  Ixxly,"  which  con- 
tains  the  reproductive  organ.s,   is   thicker.     The  spiculum  is  single  or 
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absent.     There  is  only  one  ovary  ;  the  female  reproductive  pore  is  at  lue 

junction  of  "neck"  and  "body." 

i.    Trichocephalus    triehiurus    (L. )    1771.  —  (Synonyms  :     .^ * '«.  (^ 
imra  L.  1771;    Trichoceplialus  Iwminis  Schrank   1788;    Trif}u)C(pk'i'n>< 

dupar  Rud.  1801.) — This  parasite,  known  as 
the  whipworm,  whose  principal  habitat  is  the 
caecum,  measures  in  length,  in  the  case  of  tk 
male  worm,  40  to  45  mm.,  in  the  case  of  tl.e 
female  worm  45  to  50  mm.  It  looks  as  if  made 
up  of  two  portions — (first)  the  long  filiform 
neck,  which  somewhat  abruptly  ex[>ands  into 
(second)  the  thick  and  relatively  short  body :  it 
reminds  one  in  shape  of  a  certain  pattern  d 
whip — hence  its  name  in  the  vernacular. 

In  the  male  the  posterior  part,  or  body,  is 
disposed  in  a  spiral  of  one  or  two  turns ;  it  ewli 
abruptly.  The  cloaca,  from  which  the  single 
spicule  (2*5  mm.  long)  and  its  sheath  usually 
protrude,  is  terminal.  In  the  female  the  bodr 
is  nearly  straight  and  tapers  gradiutlly  to  tht? 
pointed  end,  the  anus — a  transverse  slit — bein^' 
subterminal.  The  vagina  opens  at  the  root  of 
the  neck.  The  cuticle  in  both  sexes  is  tnms 
versely  striated,  and  is  further  marked  bv  a 
longitudinal  band  of  minute  papillie  ext^ndin.* 
from  head  to  tail  along  the  ventral  surfaw. 
Uterus  and  testis  are  single,  and  fill  the  thick 
posterior  part  of  the  worm.  The  long  neck  is 
occupied  by  the  oesophagus  only. 

The  ova,  with  which  the  uterus  and  cai«*'iciotis 
vagina  are  crowded,  measure  0*05  to  0  0 5 4  mm. 
by  0*023  mm.  They  are  oval,  brown,  thick 
shelled,  and  are  readily  distinguished  fn:»m  all 

'^"  J.''o:^nSi;^au''l^^^^    Other  intestinal  ova  by  the  clear  pale  }>odies  .vhiob 

niale(enlarged);c  female  (nat.    mark    both  polcS  of  the   OVal.       At    these    poillt? 
size).     After  Blanchaixi.  iit.-i/*-  tii  r  tt- 

the  shell  is  deficient,  the  holes  so  formed  i>ein.:; 
plugged  by  a  sort  of  tampon  of  a  clear  homogeneous  material  (Fig.  1  ^S '- 
Like  the  ovum  of  A.  lunihricoideSy  that  of  T,  irichfuru.^  contains  no 
differentiated  embryo  on  first  leaving  the  parent  worm  ;  it  has  to 
pass  a  long  time — many  months,  sometimes  as  many  as  eighteen — in 
water  before  the  embryo  is  developed  and  ready  for  direct  transferenct* 
to  the  human  stomach.  The  ova  are  possessed  of  great  resisting  power-, 
and  may  be  frozen  or  desiccated  without  permanent  injury  to  their 
vitality.  The  embryo  requires  no  intermediate  host,  but  reaches  iht 
stomach  in  water  or  in  food  while  still  in  ovo ;  here  the  shell  is  dissohfd 
and  the  embryo  liberated.  In  four  or  five  weeks — as  has  l>een  proved 
by  direct  experiment — the  young  parasites  arrive  at  sexual  maturity. 
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Allliough  the  usual  situation  of  tbe  Trielior.'jilialus  ia  the  ca-'cum,  it  is 
found  at  times  in  the  other  sections  of  the  alimentary  canal,  even  in  the 
stomach.  The  latter  rarely  occurs  :  but  it  ia  very  often  found  at  the 
lower  end  of  the  ileum,  in  the  vermiform  apjicndix, 
«nd  in  the  ascending  colon.  Usually  it  lies  loose  in 
the  gut ;  occaaionally,  however,  specimena  arc  en- 
countered which  cannot  be  readily  displaced,  and  which, 
according  to  Lcuckart,  have  fixed  thcmeelves  to  the 
mucous  membrane  by  tranafixing  a  fold  of  it  with  their 
long  necks  as  with  a  pin,  the  fine  end  emerging  on 
the  finrffice  of  the  mucosa  some  distance  from  the  spot 
to  which  the  body  seems  to  I*  attached.  Other 
observers  deny  that  theae  worms  so  fix  themseh'eB,  j 
Motchnikoff  has,  however,  drawn  attention  to  the  fact 
that  the  long  tieck  of  this  worm  sometimes  jiiercea  the 
wall  of  the  ciecum  or  appendix,  and  by  letting  out  the 
intestinal  contents  with  their  bacteria,  peritonitis  and  appendicitis  are  set 
Up.     Besides  man,  certain  species  of  ape  and  lemur  harbour  this  pai'asit«. 


In  T.  Irirhitirus  the  sexes  are  about  equal  in  numbers  :  if  anything, 
the  males  are  the  more  numerous.  It  ia  a  rare  thing  to  find  more  than 
a  dozen  or  two  specimens  in  one  body,  but  every  now  and  then  cases  of  a 


Iiigh  degi'ee  of  infectioii  are  mel  with  in   which   the  c»cum  lunuint 
hundreds  iuid  even  thousands  of  these  paraeiteE. 

In  its  geographical  distribution  the  Trkhoej-plialas  is  cosnio[Kdiuii. 
Speaking  generally,  it  may  be  said  to  be  more  common  in  tk 
inhabitants  of  warm  than  in  those  of  cold  ulimates.  There  an-  nunt 
local  circumstances,  particularly  the  charauter  of  the  wawr-suj^j, 
which  hare  an  important  inHiience  in  determining  the  [iropankii 
of  inhabitants  affectwi  in  any  given  place.  In  Paris,  for  rxai^i, 
Davaiiie  believed  that  one-half  the  population  were  aflectpd  ;  in  llmdeiL 
of  193!)  individuals  in  whom  the  TiT-lwffjiluUiut  was  sought  for  Jt  wu 
found  in  only  :i'5  per  cent ;  in  Erlatigen,  of  1 755  individuals  it  was  (wni 
in  nil  per  cent ;  in  Iviel,  of  61 1  individuals  in  306  per  teui.  It  ■ 
very  common  in  the  Malay  Archipelago,  as  elsewhere  in  the  tropics;  dnu. 
in  Sumatra,  Erni  found  it  24  limes  in  30  autopsies. 

The  Trichme/i/inliis,  so  far  as  is  known,  has  very  little  pathologial 
significance,  exiept  when  it  perforates  the  intestine.  A  few  oises  in 
reconied  in  which  nervous  symptoms  were  found  in  association  wiLhahigb 
degree  of  infection.  But  there  is  no  adequate  ground  for  siipposii^  ■ 
some  have  assorted,  that  it  is  in  any  way  respon.'iihie  for  ^iich  'li^rMWM 
typhoid  fever  or  beriberi. 

Several  crises  of  aneemia  (some  fatal)  are  reported  us  c.iiiscd  by  Uw 
presence  of  this  parasite — the  blood  shewing  a  fall  in  the  number  (rf  «d 
cells,  marked  poikilocytosis,  and  the  appearance  of  nucleated  r«i 
corpuscles  mainly  of  the  noi-moblastic  type.  In  some  few  cases  it  eevm 
to  have  set  up  eosinophilia,  but  this  appears  not  to  be  the  rule. 

Trf'ifnifnt. — Although  these  worm.s  are  often  expelled  accidentKJly  tijr 
the  male  fern,  santonin,  or  thymol  administered  for  other  kinds  of 
intestinal  worms,  these  drugs  are  by  no  means  to  be  relied  on  as  apedfic 
against  Tridtocfjiltalu!:.  No  giHxl  anthelmintic  is  known  for  this  parsaiic. 
Prophyltijis  should  consist  in  securing  a  pure  water'supplr,  or  it> 
boiling  or  filtering  drinking-water  when  it  is  not  ahsolutnly  ahoM 
suspicion. 

ii.  Trlchlnella  spiralis  (Owen)  1835. — (Synonym:  Trii-hnt  ^nUf 
Owen  18-35.)^  Although  the  muscle,  encysted,  or  larval  fnnu  of 
Tr.  spiralis  (Fig,  190)  had  been  previously  seen  by  one  or  two  ob.errtn. 
to  Sir  James  P.iget  belongs  the  merit  of  being  the  first  [o  recogDi»<>  Uw 
true  nature  of  these  IkkIIcs.  His  discovery  was  confirmed  by  Orui. 
who,  ill  1S35,  gave  the  par.istte  the  name  of  Trirhina  ii/itTatii,  bat  » 
the  name  Trichina  proved  to  be  preoccupied,  Railliet  hns  calW  it 
Ttidiinella.  Since  that  time  much  attention  has  been  paid  to  tie  subjoct, 
principally  by  German  observers;  so  that  at  the  present  flay  the  lif< 
history  of  the  parasite  and  the  importAnt  pathological  states  U>  which  il 
gives  rise  are  fairly  well  underatiMjd. 

If  the  voluntary  muscles  of  a  man  or  other  luiimal  atfertcd  wili 
tricbinelliasis  be  examined  with  a  lens,  and  the  exaniinntion  Iw  mud«  any 
time  after  the  fifth  or  sixth  week  from  the  dale  of  infection,  an  innutnw- 
able  multitude  of  minute  cysts,  each  including  a  tiny  coiled-up  wonn,  okn 
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be  seen  dotted  about  the  tiaaue,  and  Uing  between  aud  slightly  separat- 
ing the  tibreii      If  a  fragment  of  the  atlected  muBcles  be  excised,  laid 
on  A  glass  slip,  teased  out  ligbtlj  compressed  beneath  a  cover  glasE,  and 
then  examined  with  a  magnify 
ing  power  of  some  forty  01  sixtj 
diameters,  as  the  slide  ia  alightly 
w.irmed,  or  a  solution  of  potash 
Aclded  to  It, the  little  worm  is  seen 
to  move      It  IS  therefore  alive 
This  H   the  encysted  or  larval 
form  of  7,    ./iiu/i^  (Fig    190) 

The  c\  St,  m  which  the  IniJii 
nelUi  lies  surrounded  by  a  cleai 
albuminous  fluid,  is  o\al  or 
rather,  lemon  shaped  in  form, 
having  two  more  or  less  pro 
iionnced  diverticula  at  the  poles 
Its  long  diameter,  which  corre 
8])onds  in  direction  with  the 
muBciiUr  hbree,  may  lie  wt 
doun  on  an  average  at  0-1  Hi 
mm ,  dtid  Its  short  at  0  id  mm 
The  ca|i>-ule  of  the  cyst  ib  chitinoii: 
u  good  deal  in  thi<.kness  according  to  the  part  of  the  cyst  examined 
and  to  Its  ige,  being  always  thickest  at  the  (ioIps  and  in  the  oldest  tysts, 
and  l&i^t  dense  and  most  tianaparent  in  \oung  c\sts  and  idiout  the 
equator  Some  cysts  aie  more  globular  than  others  Most  of  them 
contain  onlj  one  Tuchiaelta,  but  cjsts  containin;;  two  oi  more,  even 
HI>  to  Mt  or  seven,  are  fretjuentlv  encountered 

In  Lold  .ind  dead  muscle  the  included  Trtdiuielht  are  quite  passive,  and 
lie  rolled  up  in  a  close  sinril  of  four  or  five  tuins  In  v>arm  and  frcfh 
muscle  the  spiral  is  more  0|>en,  and  more  in  contact  witli  the  cjst-wall, 
ovei  which  the  headend  of  the  worm  is  aeen  to  move  slowly  The  worm 
itself  is  cylindrical,  tajiered  off  anteriorly  to  reldtively  small  dimensions, 
thicker  posteriorly,  where  it  is  abruptly  rounded  off.  It  measures  from 
0-8  mm.  to  I  mm,  in  length  by  004  in  vridth.  The  mouth  opens  at  the 
fine  end,  the  anus  at  the  thick  end,  an  alimentary  canal  of  the  type 
characteristic  of  the  Trichotmchelidje  running  between  these  two  points. 
In  addition  to  the  straight  alimentHry  canal  the  rudiment  of  the  sexual 
organs  can  be  made  oat  as  a  thick  tube  occupying  the  greater  part  of  the 
ventr:d  portion  of  the  posterior  half  of  the  body  ;  development  in  this 
respect,  though  not  complete  in  the  encysted  worm,  is  well  advanced,  the 
scxe.1  being  already  distinguishable. 

If  a  piece  of  raw  flceh  containing  these  encysted  TiifhiD'-Un-  he  oaten 
by  man  or  by  certain  of  the  lower  animals,  the  cyals  are  dissolved  liy 
the  gastric  juices  and  the  parasites  liberated  j  they  then  quickly  pass  Into 
the   small  intestine,    where  the    sexual  organs  rapidly    complete    thoir 
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development.     At  the  end  of  about  two  and  a  half  days  impregnation  is 
effected. 

At  this  stage  the  worms  have  grown  slightly — the  male  to  14 -1*6 
mm.,  the  female  to  1*5 -IB  mm.  Both  sexes  retain  their  cylindro 
conical  shape,  but  the  male  is  now  seen  to  be  provided  at  the  posterior 
end  with  two  appendages  resembling  the  jaws  of  a  pair  of  pincers.  These 
organs  form  a  sort  of  copulatory  bursa,  their  function  being  to  fix  the  female 
in  coitu.  The  male  has  no  spicule,  but  the  cloaca  can  be  evaginated. 
thus  forming  a  penis.  Between  the  caudal  appendages  lies  the  cloaa. 
and  behind  the  cloaca  two  small  papillae.  In  the  female  the  singk 
ovarian  tube  runs  forward  to  terminate  in  the  vulva  on  the  venual 
surface  about  the  junction  of  the  anterior  with  the  second  fifth  of  the 
body.  In  both  sexes  the  oral  end  is  very  finely  pointed,  carrying  at  its 
tip  the  punctiform  mouth. 

When  copidation  takes  place  the  female  has  not  attained  her  full  size; 
she  is  then  but  little  larger  than  the  male  worm.  Impregnation  effected 
however,  the  male  worm  dies,  and  the  female  grows  rapidly  to  two  or 
three  times  (3-4  mm.  by  0  06  mm.)  her  original  size.  Growth  takes 
place  principally  in  the  posterior  part  of  the  body,  and  is  apparently  t 
consequence  of  the  rapid  development  of  the  ovarian  contents.  The 
Trkhinella  is  ovo-viviparous.  The  upper  part  of  the  oviduct  is  filled  with 
segmenting  ova ;  lower  down  the  embryo  becomes  apparent,  enclosed  in 
its  vitelline  membrane ;  lower  still  this  membrane  disappears,  and  the 
embryo  is  free.  The  first  of  the  young  Trichinellm  are  bom  a}>out  the 
sixth  or  seventh  day  from  the  date  of  infection.  The  {parent  worm 
continues  to  pour  forth  her  young  in  a  continuous  but,  after  a  tiine, 
diminishing  stream  during  the  following  five  or  six  weeks,  when,  after 
having  given  birth  to  a  swarm  of  many  thousands,  she  dies  and  is 
voided. 

The  young  Trichifiellce,  which  are  minute,  lancet-shaped   organiions 
with  a  thick,  rounded  anterior  which  gradually  tapers  to  a  fine  tdlL 
measure  about  O'l  mm.  by  0*006  mm.     There  are  two  views  as  to  hf»w 
the  larvae  make  their  way  into  the  muscular  tissue.     The  first  is  that  soon 
after  birth  they  penetrate  and  traverse  the  walls  of  the  intestine,  cross 
the  peritoneal  cavity,  and,  travelling  along  the  connective-tissue  spaces, 
finally  come  to  rest  in  voluntary  muscle  and  in  certain  other  tissue?. 
The  second,   and    at   present   more   generally   accepted,    view   is   thit 
the  gravid   female  bores  through   the   tissue  of  the   intestine  until  she 
reaches    a    lymph -vessel.       Here    she    discharges   the    embryos,  which 
are    carried    by    the    stream    of    lymph    all    over    the    body,    comin<: 
to   rest  mainly  in  the  striated  muscles.       At  the  close  of  their  migra 
tion  they  measure  01 2  mm.  in  length.     During  this  journey,  which, 
according  to  the  distance  travelled,  may  last  a  longer  or  shorter  time  up 
to  ten  days,   the  Trichinellce  increase  slightly  in  size,  and  traces  of  an 
alimentary  canal  begin  to  apj)ear.      On  arrival  at  its  destination,  the 
inside    of   a   muscular    fibre,    they   give   rise  by  their  movement**  awl 
presence  to  a  certain  amount  of  irritation,  leading  to  proliferation  of  the 
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connective  -  tissue  cells  in  its 
immediate  neighbourhood.  In 
and  probably  from  the  exuda- 
tion so  produced,  the  capsule 
of  the  cyst,  already  described, 
is  moulded,  the  moulding  pro- 
cess possibly  being  effected  by 
the  rotatory  movements  of  the 
worm  now  passing  into  its 
larval  and  passive  state.  Some 
helminthologists  believe  that 
the  cyst-wall  is  formed,  not  in 
the  way  described,  but  very 
much  as  the  cyst- wall  of  the 
trematode  larvae  is  formed, 
namely,  from  a  secretion 
proper  to  tlie  animal  itself. 

Step  by  step  with  the  pro- 
gress of  encystment  the  parasite 
gradually  ceases  to  move;  it 
then  coils  itself  up,  and,  in- 
creasing in  size,  assumes  the 
larval  characters  already 
described.  Eighteen  days  from 
the  time  of  infection  this  pro- 
cess is  complete ;  after  that  the 
young  larva,  on  being  trans- 
"  ferred  to  the  stomach  of  another 
animal,  is  capable  of  attaining 
sexual  maturity. 

In  the  encysted  state  the 
Trichinella  retains  its  capacity 
for  further  development  for 
many  years  —  five,  ten,  even 
twenty  years.  Ultimately, 
however,  the  cyst  undergoes 
fatty  and  calcareous  changes, 
and  the  parasite  it  contains 
dies. 

Such,  briefly,  is  the  life- 
history  of  the  Trichinella  sinralis. 
It  is  manifest  that,  cannibal 
countries  excepted,  man  cannot 
possibly  be  the  normal  host  of 
the  parasite ;  nor,  although  the 
pig  is  the  invariable  medium 
of    infection   for  man,   can  we 


Fio.  191.— Mature  Trichinella  spindis  (nia^piifledX 
A,  female ;  B,  male. 
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regard  even  the  pig,  which  in  a  state  of  nature  has  few  opportonitif^ 
of  indulging  its  carnivorous  propensities,  as  the  propwr  host  It  i? 
believed  that  Trichinellu  spiralis  is  normally  and  properly  speaking  i 
parasite  of  the  rat ;  and  that  its  occurrence  in  other  animals  is  more  or 
less  of  an  accident  depending  on  the  artificial  conditions  of  life  impo^ 
by  civilisation.  Rats  are  known  to  devour  each  other  as  well  as  tbf 
dead  bodies  of  any  other  animals  they  may  chance  to  come  across;  an-i 
it  is  believed  that  it  is  by  this  animal,  and  in  this  way  that,  in  the 
natural  order  of  things,  the  species  Trichinella  spiralis  is  kept  in  existenot- 
and  transmitted.  Systematic  examination  of  the  nits  of  different 
countries  proves  the  extreme  liability  of  this  rodent  to  TrirhinelU  in 
fection,  and  tends  to  bear  out  this  view.  Thus,  an  investigation  in 
Germany  shewed  that  8 '3  per  cent  of  the  rats  in  certain  places  wenr 
trichinellised.  A  similar  inquiry  in  the  United  States  of  Americi 
yielded  still  more  remarkable  results;  for  in  some  localities  10  per 
cent  of  the  rats  were  affected,  in  other  localities  even  100  per  cent 
Impressed  by  these  and  similai-  facts,  some  naturalists  have  suggestfi 
that  Trichinella  spiralis  was  introduced  into  Europe  from  Asia  by  the  gnrj 
rat,  which  first  made  its  appearance  in  Germany  in  1770. 

It  is  further  believed  that  the  pig  in  the  first  instance  is  very  ofttr. 
infected  by  eating  dead  and  trichinellised  rats  which  had  died  in  or  been 
thrown  into  its  sty,  or  which  it  may  have  come  across  and  devoured  in 
the  course  of  its  grubbings.  The  liability  of  the  pig  to  infection,  bow- 
ever,  is  further  and  very  much  increased  by  the  thou<;htless  way  la 
which,  too  often,  it  is  fed  on  kitchen  slops,  on  scraps  of  oflfal,  an«l  on  the 
washings  and  refuse  of  slaughter-houses,  which  may  very  well  contain- 
particularly  in  large  killing  and  packing  establishments  such  as  those  in 
America — fragments  of  trichinellised  swine's  flesh.  In  this  wav  the  otf;il 
of  a  single  trichinellised  carcase  may  infect  an  entire  herd  ;  and  one  can 
readily  conceive  of  circumstances,  particularly  in  those  large  establish 
ments  in  which  swine  are  bred  and  fattened  as  well  as  slaughtereu, 
whereby  this  systematic  feeding  on  offal  must  inevitably  lead  not  only  to 
general  trichiuelliasis  of  the  stock,  but  to  an  increasing  and  finally  an 
extreme  degree  of  this  most  dangerous  form  of  ])arasitic  disecise. 

Another  point  of  practical  importance  is  the  circumstance,  now 
thoroughly  established,  that  the  larval  Trichinella'  encyst  themselves^  not 
only  in  the  voluntary  muscles,  but  also  in  the  connective  tissue  of  many 
other  organs,  notably  in  the  paimiculus  adiposus  and  in  the  coats  of  the 
intestine.  In  this  way  it  comes  about  that  they  are  to  be  found  in  Unl 
in  sausage  skins,  and  in  other  food  preparations,  which  might  W  looke»f 
upon  as  unimportant  by-products  of  the  pork  factory.  Of  all  the  muscle* 
of  the  body  the  diaphragm,  and  particularly  its  pillars,  is  most  subject 
to  trichinelliasis  ;  next  to  it  the  intercostal  muscles  ;  the  muscles  of  ibe 
neck,  and  the  muscles  of  the  eye  ;  in  the  larger  muscles  the  parasite?  are 
most  numerous  near  the  tendinous  ends.  Now  it  so  happens  that  these 
parts  form  just  the  scraps  which  in  economically  conducted  establish- 
ments are  worked  up  into  sausages  and  similar  preparations  :  hence  the 
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many  accidents  that  have  occurred  from  eating  such  things  when  imper- 
fectly cooked.  Next  to  those  already  enumerated,  the  muscles  of  the 
upper  part  of  the  trunk  are  most  liable  to  infection ;  then  those  of  the 
lower  part  of  the  trunk ;  of  the  muscles  of  the  limbs,  those  nearest 
the  trunk  are  most  affected.  It  may  be  mentioned  that  the  heart  rarely 
contains  Triehinellce. 

Another  point  of  great  practical  importance  is  the  remarkable  resisting 
powers  displayed  by  the  Trkhinella  as  against  decomposition,  high  and 
low  temperatures,  desiccation,  and  the  action  of  the  chemical  substances 
employed  in  pickling.  Trichinelhe  which  had  lain  in  putrid  meat  for 
over  100  days  were  still  alive;  and  Fourment  has  shewn  that  the 
Tfirhinellw  in  pork  which  had  been  steeped  in  pickle  were  still  alive  at 
the  end  of  fifteen  months,  and  were  capable  of  infecting  and  killing  mice 
in  a  very  few  days.  Benecke  also  has  shewn  that  the  Trichinelhe  in 
hams  and  sausages  which  had  been  in  pickle  for  twelve  days  and  then 
smoked  were  alive  nine  months  afterwards.  Neither  are  they  killed  by 
temperature  as  low  as  -  20 "^  C  Leuckart  exposed  a  ham  during  a  whole 
night  in  winter,  and  also  during  three  days  when  the  temperature  ranged 
from  -  22'   to  -  25°  C,  and  yet  the  Triehinellce  it  contained  survived. 

Still  more  remarkable  and  important  is  the  tolerance  by  this  parasite 
of    high    temperature.       Perroncito   asserts    that   on    the  stage    of   the 
microscope  an  exposure  of  a  few  minutes  to  a  temperature  of  from  48° 
to  50°  C.  suffices  to  kill  it.     Other  observers,  however,  maintain  that  in 
other  and  more  ordinary  circumstances  the  parasite  will  resist  a  tempera- 
ture of  60",  70°,  or  even  of  80°  C.     If  this  be  so,  it  is  evident  that  the 
Trichinelln'  in  the  centre  of  a  large  joint  of  pork  will  not  be  killed  by 
cooking  as  ordinarily  conducted,  and   that  the  Triehinellce  in  chops  or 
tatlets  apparently  well  cooked  may  still  be  alive.     It  has  been  shewn 
that  after  two  hours'  boiling  the  temperature  at  the  centre  of  a  large  ham 
had  only  risen  to  33"  C. ;    after  six  hours  to  65''  C. ;    and  that  it  was 
only  after  ten  hours'  hard  boiling  that  85°  C.  was  reached.     Hence,  to 
be  really  effective  against  the  Trichinella,  the  cooking  of  pork  and  ham 
must  be  much  more  prolonged  and  thorough  than  is  customary.     Little 
wonder,  therefore,   thiit  several  epidemics  of   trichinelliasis   have  been 
caused  by  swine's  flesh  cooked  in  the  ordinary  way.     That  of  Posen, 
occurring  in  1863,  in  which  seven  persons  were  attacked  after  eating  food 
which  had  been  cooked  for  an  hour  and  a  half,  is  an  instance  in  point ; 
the  Workington  epidemic  in  1871,  as  narrated   by  Cobbold,  is  another 
instance.    That  this  is  the  only  epidemic  recorded  as  occurring  in  Bntain 
is  in  some  measure  attributable  to  the  thorough  way  in  which  food  is 
50oked  in  this  country  as  compared  with  Germany ;    the  same  remark 
applies  to  France,  Italy,  and  especially  to  China. 

Geographical  Distribution. — As  rats  and  pigs  are  now  found  in  all  lands, 
Trichinella  spiralis  is  one  of  the  cosmopolitan  parasites.  It  is  more 
sommon,  however,  in  some  countries  than  in  others,  its  degree  of 
Eroquency  being  probably  in  great  measure  influenced  by  the  habits  of 
the  human  inhabitants  in  the  matter  of  pig-keeping  and  pig-feeding.     In 
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Great  Britain  it  is  rare ;  it  is  rare  also  in  France  and  in  Italy.  Ii  i? 
common  in  America,  Holland,  Denmark,  Sweden,  and  Germany.  Tliii>, 
of  53,318  pieces  of  American  pork  or  preparations  of  pork  examine«i  ai 
Havre,  France,  1087  pieces,  or  2*03  per  cent,  were  found  to  conuin 
Trichiiielkv ;  observations  made  in  different  parts  of  America  varioiulv 
state  the  proportion  of  trichinellised  pigs  at  from  5  to  8  per  cent.  In 
Germany,  at  Kostock,  one  pig  in  336  was  trichinellised ;  in  Brunswi.-k 
one  in  every  5172  ;  and  in  Prussia  one  in  about  every  2000.  In  IiKiia 
the  Trichinella  is  said  to  occur  frequently.  In  China  (Amoy)  the  pil^;l^it<' 
was  found  twice  in  219  carcases. 

Trichinelliasis  or  Trichinosis. — For  many  years  subsequent  to  ia 
discovery  Trichinella  spiralis  was  looked  upon  as  an  innocuous  parasitt,— 
a  curiosity,  but  in  other  respects  of  no  interest  to  the  pathologist  In 
1860  a  series  of  brilliant  discoveries  by  Zenker,  Virchow,  Leuckart,  and 
others,  placed  the  matter  in  a  very  different  light,  and  conclusively  proved 
that  the  Trichinella  and  trichinellised  pork  were  responsible  for  minr 
peculiarly  localised  and  very  deadly  epidemics,  the  nature  of  which  had 
not  hitherto  been  understood. 

In  the  year  referred  to  a  young  girl  died  in  hospital  at  Dresden,  it 
was  supposed  of  enteric  fever;  A  marked  feature  in  her  case  had  be^n 
severe  pains  in  the  muscles.  At  the  post-mortem  examination  no  ulten- 
tion  of  Peyer*s  patches  was  discovered.  When  Zenker  came  to  examine 
the  muscles  which  had  been  the  seat  of  so  much  pain,  he  was  astonished 
to  find  that  they  were  stuffed  with  Trichimllcr ;  and  when,  in  consequcfice 
of  this  discovery,  he  directed  his  attention  to  the  contents  of  the  ahmeutAiT 
canal,  he  had  no  difficulty  in  finding  there  numbei's  of  adult  parent  worms. 
The  girl  had  evidently  died,  not  of  enteric  fever  as  was  supposed,  bal  d 
trichinelliasis.  Pursuing  the  subject  Zenker  traced  the  girl's  infection  to 
certain  preparations  of  pork  ;  and  he  further  ascertained  from  the  butcher 
who  had  supplied  the  meat  that  others  among  his  customers,  and  sever  J 
members  of  his  own  family  who  had  partaken  of  the  pork  which  bad 
poisoned  the  girl,  had  been  ill  also,  and  all  very  much  in  the  same  vav. 
Indeed,  so  many  of  his  customers  had  suffered  that  he  stopped  the  sale  d 
this  particular  parcel  of  pork.  Fortunately  some  fragments  of  the  carca* 
had  been  preserved,  and  in  this  Zenker  found  multitudes  of  living 
eiicj'^sted  TrichineUw.  Henceforth  trichinelliasis  took  its  place  amanfi 
well  established  diseases,  and  a  powerful  stimulus  was  given  to  Virchow 
and  Leuckart  to  continue  the  attempts  they  were  then  making  to  ro.'i 
out  the  life-history  of  the  parasite  ;  this,  as  we  have  seen,  they  succeeAid 
in  doing.  From  all  parts  of  Germany  and  from  other  countries  evident? 
of  the  truth  of  Zenker's  conclusions,  and  the  high  practical  value  of  his  dis- 
covery rapidly  accumulated.  Since  that  time  fit)m  North  Germany  aJow 
we  have  the  records  of  over  a  hundred  epidemics  of  trichinelliasis.  Fn^ 
America  and  from  other  countries  we  have  similar  records.  So  that  at  tb 
present  day  trichinelliasis  has  come  to  be  regarded  as  a  very  real  danM 
to  certain  populations,  and  one  against  which  many  sanitary  reguhitior? 
have  been  devised. 


Symptoms. — These,  of  course,  will  depend  on  many  eircumBtantes ; 
upon  the  number  of  encysted  Trichiiidlir  swallowed,  upon  individual  idio- 
syncrasy, u[H)n  the  number  of  times  Ibe  infection  may  be  repeated,  and 
BO  forth. 

Roughly  speaking,  and  taking  a  case  of  average  severity,  the  symptoms 
of  trichinelliasis  are  divisible  into  three  stages— each  stage  corresponding 
to  a  phase  in  the  evolution  of  the  pamsite.  There  are — (first)  the  stage 
of  intestinal  irritation,  commencing  a  few  hours  after  the  ingestion  of  the 
diseased  meat,  and  corresponding  to  the  growth,  development,  and  sexual 
activity  of  the  parent  Trkkinelitr,  and  Co  tjie  penetnition  of  the  alimentary 
canal  by  their  brood  of  young  or  by  the  gravid  female;  (second)  the 
stJ^e  of  myositis,  characterised  by  severe  muscular  pains  and  irritative 
fever,  and  produced  by  the  injury  done  to  the  muscles  by  the  migrating 
TrichiwUa  embryos  ;  and  (third)  the  stage  of  subsidence,  corresponding 
to  the  encystraenl  of  the  larval  Trv-hijtcUw  and  gradual  subsidence  of  the 
myositis.  In  some,  particidarly  in  severe  cases,  these  stages  are  well 
defined.  In  others,  again,  particularly  in  cases  of  mild,  or  of  mild  and 
sustained  infection,  they  are  not  well  defined — vague  rheumatoid  pains 
being,  [perhaps,  the  only  evidence  of  trichineUiasis. 

In  an  attack  of  trichineUiasis  of  moderate  severity  the  symptoms 
commence  within  a  few  hours,  or,  at  most,  mthin  a  day  of  the  ingestion 
of  the  tiichinellised  meat.  There  is  early  evidence  of  more  or  less  violent 
intestinal  irritation — -vomiting,  diarrhiea,  foul  tongue  and  breath,  and 
colicky  pains,  accnmjianied  perhaps  with  cramps  and  cokl  extremities. 
So  severe  may  these  symptoms  be  that  they  have  often  been 
mistaken  for  cholera.  A  large  dose  c)f  uncooked  trichinellised  meat  is 
more  likely  to  be  followed  by  such  symptoms  than  a  smaller  dose  of 
partially  cooked  meat  in  which,  it  may  lie  assumed,  many  of  the  Trieiiinrllif 
have  been  destroyed.  The  intensity  of  the  intestinal  irritation  is,  bow< 
ever,  no  guide  to  the  danger  of  the  caae ;  for  the  very  severity  of  the 
vomiting  and  purging  is  the  means  of  expelling  many  of  the  parent 
TrieiiinelUr  before  their  young  are  boi-n  and  have  penetratetl  the  intestinal 
walls.  Cases,  therefore,  which  at  the  outset  are  attended  with  little  or  no 
(liarrbita  or  vomiting  may  be  quite  as  dangerous  in  the  long-run  as  those 
with  violent  choleraic  symptoms. 

About  the  ninth  or  tenth  day  from  infection,  diarrhoea  perhaps  still 
persisting,  the  characteristic  pains  in  the  muscles  set  in,  and  gradually 
increase  in  severity.  The  muscles  become  swollen,  hard  like  pieces  of 
india-rubber,  and  very  tender  to  the  touch  and  on  being  put  into  action. 
Fever,  too,  is  lit  up  by  the  myositis,  and  may  run  high — even  up  to 
106'  ¥. ;  usually,  however,  it  is  about  102°  or  103",  with  slight  morning 
remissions.  Movement  causes  pain,  and  the  functions  of  many  importjint 
muscles  are  seriously  interfered  with.  Thus,  respiration  may  be  affected 
by  implication  of  the  diaphragm  and  intercostals ;  mastication,  speech, 
^nd  deglutition  by  implication  of  masseters,  tongue,  pharyngeal  and  other 
muscles;  phonation,  by  implication  of  the  laryngeal  muscles;  expression, 
by  implication  of  the  faeial  and  orbital  muscles,  and  the  i)ain  of  moving 
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them.  Standing,  locomotion,  movement  of  the  hands  and  arms,  are  a^ 
very  painful — sometimes  impossible.  The  flexor  muscles  are  especiillj 
affected.  At  this  stage  the  patient  lies  in  bed  with  his  limbs  maintaine«d 
in  a  state  of  semiflexion,  or  in  such  position  as  entails  a  minimum  of  \Mk 
— just  as  in  severe  rheumatism. 

In  most  cases  about  the  eighth  day  the  face,  particularly  about  the 
eyelids,  becomes  puffy  and  oedematous ;  sometimes  there  is  chemo6i8. 
This  disappears  in  a  few  days.  Later,  however,  about  the  fourth  or  fifth 
week,  a  much  more  extensive  oedema  occurs  in  90  per  cent  of  seritHi? 
cases.  It  affects  the  limbs,  often  the  trunk,  neck,  and  face — usually 
sparing  the  genitals.  It  may  come  and  go.  This  oedema  is  sometimes 
very  great,  more  extensive  even  than  that  of  acute  nephritis. 

Profuse  perspirations,  often  accompanied  by  a  miliary  eruption,  are  a 
usual  symptom  ;  beginning  with  the  incidence  of  the  myositis  they  lair 
not  cease  to  recur  till  convalescence  has  commenced.  Pruritus  mav  be 
troublesome  in  the  earlier  stages ;  later  the  skin  may  be  covered  with 
acne,  pustules,  or  boils. 

Wasting  is  very  marked  in  severe  cases ;  in  fact  all  the  s^^mptoms  >i 
the  "  typhoid  "  condition  may  be  presented.  The  tongue  becomes  dry, 
the  pulse  frequent ;  prostration  may  be  great,  and  stupor  marked.  X-.'t 
infrequently  there  is  delirium,  and  nearly  always  in  the  adult  therv  :> 
insomnia — doubtless  dependent  on  the  pain  in  the  muscles.  Children 
are,  on  the  contrary,  always  somnolent. 

In  many  crises  signs  of  bronchitis,  of  hypostatic  congestion  of  the 
lungs,  or  of  pneumonia  set  in.  Much  fluid  accumiUates  in  the  air-passageN 
owing  to  debility  and  to  the  inability  of  the  inflamed  muscles  of  expiratioD 
to  produce  effective  coughing. 

So  the  case  goes  on  till  about  the  fifth  or  sixth  week,  when  convalee- 
cence  may  be  looked  for.  The  myositis  gradually  subsides,  and  in  th? 
course  of  a  few  weeks  the  patient  is  well  again.  Sometimes  convalescence 
sets  i!i  earlier ;  on  the  other  hand,  the  case  may  drag  on  for  two  or  three 
months. 

Death  has  occurred  in  rare  instances  in  the  first  stage  of  the  disease. 
from  the  collapse  produced  by  choleraic  purging.  Generally  the  fatal  event 
does  not  t^ike  place  till  the  height  of  the  myositis  in  the  fourth  or  fifth 
week.  It  is  usually  the  immediate  result  of  asphyxia  brought  about  bj 
a  high  degree  of  myositis  in  the  diaphragm  and  intercostal  miuclce; 
bronchitis  and  pneumonia,  of  course,  add  very  much  to  the  danger. 
Death  may  occur  at  a  later  stage  from  some  complication,  such  as  bed- 
sore, pneumonia,  marasmus,  or  general  asthenia.  Intestinal  hsemorrliap* 
and  diarrhoea  are  also  occasional  causes  of  death. 

Since  T.  R.  Brown,  in  1897,  first  called  attention  to  the  blood 
changes  in  this  disease,  mimerous  cases  shewing  most  extreme  grades  of 
eosinophilia  have  been  recorded.  The  leucdcytes  in  the  one  hundred 
recorded  cases  have  varied  from  5300  to  28,000  per  cmm.,  the  eo§in^ 
phils  from  1'2  per  cent  to  86  G  per  cent — ^the  average  leucocyte  count 
being  about  16,000  and   the   average  eosinophil  percentage  abont  30 
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According  to  Schleip,  who  studied  an  epidemic  at  Hombiirg  affecting  57 
persons,  leucocytosis  is  not  a  constant  feature  of  this  disease,  being  only 
found  in  severe  cases,  yet  the  severity  of  the  leucocytosis  may  be  taken 
as  a  sure  indication  of  the  severity  of  the  disease.  Schleip  found  that 
on  the  whole  the  eosinophils  did  not  rise  so  high  in  mild  cases  as  in 
severe  cases,  yet  one  severe  case  shewed  only  3*2  to  5*9  per  cent  eosino- 
phils of  5800  leucocytes  per  c.mm.  The  increase  of  eosinophils  occurs 
very  shortly  after  infection,  before  the  embryos  begin  to  enter  the  tissues, 
and  lasts  as  long  as  parasites  still  remain  in  the  intestine  and  until  all 
the  parasites  have  become  completely  encapsuled  in  the  muscles.  The 
red  blood-corpuscles  arc  not  affected  in  this  disease,  but  the  blood-i)latelets 
are  said  to  be  increased  in  number. 

The  nwrtality  from  trichinelliasis  varies  in  different  epidemics,  and 
evidently  depends  on  the  dose  of  living  Trichinelht  ingested ;  being 
greater,  ceteris  paribus^  when  the  trichinellised  food  is  raw,  or  only  lightly 
cooked,  than  when  it  has  been  thoroughly  heated.  Children  nearly 
always  recover.  In  Saxony,  from  1860  to  1875,  the  aggregate  mortality 
in  39  epidemics,  affecting  1267  individuals,  was  19,  or  about  1 J  per  cent. 
In  an  epidemic  at  Hedersleben,  affecting  337  individuals,  there  were  101 
deaths — nearly  one-third. 

Diagnosis. — Trichinelliasis  is  readily  recognised  during  an  epidemic 
of  the  disease  when  suspicion  lias  been  aroused  by  the  simultaneous 
occurrence  of  a  number  of  cases  in  a  particular  place,  and  in  an  associated 
group  of  individuals ;  but  in  isolated  cases  diagnosis  is  by  no  means  an  easy 
affair.  It  is  very  apt  to  be  mistaken  for  typhoid.  The  distinguishing 
points  are  principally  the  absence  in  trichinelliasis  of  the  initial  headache, 
of  the  epistaxis,  catarrh,  and  deafness,  and,  later,  of  the  eniption,  splenic  en- 
largement, and  serum  reaction  characteristic  of  typhoid ;  and  by  the  presence 
of  muscular  swelling  and  tenderness,  and  of  oedema  of  the  face  and  limbs. 
This  a'dema  may  suggest  nephritis,  but  it  is  not  associated  with  albumin- 
uria as  in  this  disease  it  would  be.  From  rheumatism  it  may  be  distin- 
guished by  the  situation  of  the  pain  in  the  muscles,  and  by  the  associated 
disturbance  of  the  intestinal  canal.  Trichinelliasis  has  frequently  been 
mistaken  for  cholera,  and,  indeed,  at  first  they  may  be  hard  to  distinguish. 
It  is  said  that  in  trichinelliasis,  diu*ing  the  first  few  days  of  the  disease, 
there  is  a  peculiar  feeling  of  heaviness  of  the  limbs,  accompanied  by  a 
sensation  of  tension  and  pain,  especially  in  the  flexor  muscles,  causing  the 
legs  to  be  dragged  in  walking ;  this  symptom  is  said  to  be  long  antecedent 
to  the  myositis  of  the  second  stage,  and  is  valuable  as  a  distinction  from 
4;holera.  In  all  cases  of  doubt,  however,  particularly  in  presence  of  an 
epidemic,  the  microscope  should  be  used  to  search  the  stools  for  adult 
TrirhinellcF,  and  any  suspected  food  for  larval  Trichinelhe.  If  necessary  a 
small  piece  of  muscle,  best  from  the  lower  end  of  the  biceps,  may  be 
excised  with  the  knife ;  the  harpoon  designed  by  Middeldorpff  for  this 
purpose  produces  an  unsurgical  wound,  and  removes  only  a  very  small 
piece  of  muscle. 

The  symptoms  of  trichinelliasis  bear  in  many  respects  a  very  close 


9i8  SYSTEM  OF  MEDICINE 

resemblance  to  certain  forms  of  acute  multiple  peripheral  neuritis, 
especially  to  beriberi — a  circumstance  overlooked  by  systematic  writers, 
but  one,  especially  as  regards  beriberi,  of  practical  importAnce  to  the 
physician  practising  in  warm  climates.  Both  diseases  occur  in  localise 
epidemics,  both  may  be  associated  with  oedema,  both  are  characterisai  br 
pain  and  tenderness  in  the  muscles,  and  both  may  kill  by  asphyxia 
arising  from  impaired  power  in  the  muscles  of  respiration.  The  principal 
diagnostic  marks  are,  in  trichinelliasis,  the  severe  gastro-intestinal  irriu- 
tion  and  persistent  fever ;  in  beriberi,  the  early  pretibial  oedema,  the 
patchy  anaesthesia,  the  absent  knee-jerks,  the  reaction  of  degeneration 
in  the  muscles,  the  cardiac  bruits,  the  clean  tongue,  and  good  appetiit*. 
Trichinelliasis  presents  the  symptoms  of  a  myositis,  beriberi  of  a  neuritis. 
In  all  doubtful  cases  a  blood  examination  should  be  made.  The  discovert 
of  a  pronounced  eosinophilia  in  obscure  febrile  myalgic  conditions, 
especially  if  associated  wMth  oedema  and  a  history  of  gastro-intesiinal 
disturbance,  should  suggest  trichinelliasis  and  lead  to  excision  and  micn>- 
scopic  examination  of  a  fragment  of  muscular  tissue. 

TreahiieiU. — It  is  impossible  to  kill  the  embryo  TrichinflU^  after  they 
have  penetrated  the  intestinal  walls  and  gained  the  tissues.      Many  dni;:> 
have  been  recommended  with  this  object ;  they  are  manifestly  useless, 
and  need  not  be  discussed.     But  it  is  possible  to  rid  the  patient  of  many, 
if  not  of  all  of  the  parent  Trichinelliv,  in  the  alimentary  canal ;  and,  as  it 
has  been  shewn  that  these  continue  to  produce  embryos  during  severJ 
weeks,  it  is  the  duty  of  the  physician  to  endeavour  to  get  rid  of  as  many 
of  them  as  possible.     His  efforts  in  this  direction  should  at  all  event? 
be  continued  during  the  first  three  or  four  weeks  of  the  disease.     If  the 
patient  be  seen  soon  after  trichinellised  food  has  been  swallowed  a  quick- 
acting  emetic  should  be  administered  at  once,  and  its  action  followed  op 
by  a  smart  purge.     Calomel  up  to  twenty  grains  is  said  to  be  the  morf 
effective  cathartic,  the  dose  being  repeated  several  times  ;  it  is  credite»l 
with  the  power  of  bringing  away  large  numbers  of  TridiinelUr,     It  would 
appear  that  the  ordinary  anthelmintics  are  powerless  against  this  worm. 
Glycerin  in  large  doses  has  been  recommended ;  it  is  supposed  to  kill 
the  parasites  by  dehydrating  them.     Thymol  or  eucalyptus  oil,  given  in 
full  doses  as  for  ankylostomiasis,  might  prove  as  effective  against  the  one 
worm  as  they  are  known  to  be  against  the  other ;  these  drugs  desene 
an  extended  trial  in  the  early  sta^^es  of  trichinelliasis. 

During  the  progress  of  the  disease  general  treatment  must  be  ooc- 
ductcd  on  the  same  principles  as  for  the  continued  fevers.  Attention 
must  be  directed  to  maintaining  the  strength  and  the  state  of  nutrition, 
special  symptoms  being  treated  as  they  arise. 

Frophf/laxis. — In  Germany,  where  it  is  the  custom  of  many  people  t*> 
consume  uncooked  preparations  of  swine^s  flesh,  the  systematic  examin;4- 
tion  of  all  carcases  with  the. microscope  is  conducted  by  a  regular  servit^f 
of  official  experts.  A  small  piece  of  muscle  is  snipped  from  the  diaphracm 
and  three  or  four  other  muscles,  placed  on  a  slide,  teased  out  with  noe<Ilt^ 
in  one  per  cent  solution  of  salt,  compressed  below  a  cover- glass,  ahJ 
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examined  with  a  magnifying  j)Ower  of  about  sixty  diameters.  Any 
Trii'hinelhv  the  preparation  may  contain  are  easily  recognised.  If  thoy 
are  alive  a  slight  warming  of  the  stage  causes  them  to  move :  if  they 
are  dead,  they  colour  at  once  on  julding  aniline-blue  solution  to  the 
preparation  ;  living  Trkhinelhv  do  not  take  the  stiiin. 

Similar  precautions  are  or  were  taken  in  other  countries  against  im- 
ported American  pork.  In  England  such  j)recautions  are  not  taken, 
being  rendered  su|)erfluous  by  the  comparative  freedom  of  our  native 
swine  from  trichinelliasis,  and  the  habit  of  thoroughly  cooking  pork, 
hams,  sausages,  and  all  similar  preparations  before  bringing  them  on  the 
table. 

Thorough  cooking  is  the  best  preventive  of  trichinelliasis ;  find  it 
miLst  not  be  overlooked  that  such  things  as  sausiige  skins,  lard,  etc.,  may 
contain  I'rkhindhr,  A  safe  course  is  to  boil  a  joint  or  ham  thirty-five 
minutes  for  every  kilogramme  it  weighs. 

Attention  should  be  paid  to  the  prevention  of  trichinelliasis  in  swine. 
Their  sties  should  be  kept  clean  and  free  from  rats.  Above  all,  they 
ought  never  to  be  fed  on  uncooked  offal.  This  last  precaution  nuist  bo 
particularly  attended  to  in  large  feeding  and  killing  establishments. 

Family  IV. — Anguillulid» 

Small,  mostly  free-living  in  earth  or  water  or  pai-asitic  in  plants, 
rarely  in  animals.  The  a^sophagus  has  a  double  swelling,  and  the  oral 
cavity  contains  a  spine  or  tooth.  The  male  has  two  spicules  and  some- 
times a  bursa.     The  female  pore  is  in  the  middle  of  the  body. 

This  ffimily  is  represented  in  man  by  two  species  only.  They  belong 
to  the  genus  Ilhahditi%  the  meuil)ers  of  which  are  characterised  1)y  a 
minute  filiform  1)ody  tapering  towards  both  ends,  a  sharp-pointed  tail, 
and  a  rounded-off  head  carrying  a  temiinal  mouth  ;  the  (esophagus  has 
two  bull)OU8  swellings,  the  more  posterior  of  which  is  furnished  with 
three  folds ;  no  tooth  and  no  lateral  line  ;  the  symmetrical  double  ovaries 
are  straight ;  the  male  has  two  spicules,  and  usually  a  copulatory  bursa 
with  from  six  to  ten  pa})illje. 

Rhabditis  niellyi  (Blanchard)  1885. — (Synonym:  LcpUnUra  nieJlf/i 
Blanchard  1885.) — Prof.  Nielly,  of  Brest,  described  in  1882  a  case  of 
skin  disease,  characterised  by  a  piipulo -vesicular  eruption  attended  with 
intense  itching,  in  the  vesicles  of  which  an  immature  rhalHlitiform 
panisite — 0*335  by  0*03  mm. — was  discovered.  The  double -bulbed 
oesophagus  was  well  developed,  but  the  genitiil  organs  were  quite  rudi- 
mentary ;  evidently  the  animal  was  Immature.  In  the  same  patient's 
blood  a  number  of  free  embryo  nematodes  were  found,  suggesting  that 
the  mature  i)arent*d  form  was  Iodised  somewhere  in  the  tissues  and  in 
connexion  with  the  circulation.  Possibly  the  embryos,  after  circulating 
for  a  time  in  the  blood,  escaped  from  the  vessels  and  became  lodged 
under  the  skin,  where,  on  attaining  a  certain  degree  of  development,  they 
set  up  an  irritation  which  induced  scratching  and  led  to  their  liberation. 


Thus,  possibly,  they  were  placed  in  a.  position  to  advance  further  toirank 
maturity — perhaps  in  tlic  body  of  an  intermediate  hoet — before  limliy 
gaining  aeoesa  to  the  body  o(  the  definitive  host,  where  Uiey  might  sluiB 
to  Bexiial  maturity.  Similar  forms  of  para«itiem  are  found  in  lh»  liiwtt 
animals,  and  it  is  probable  that  />.  vieU;/i  is  normally  h  parasite  of  one  ul 

—'■  O'Neil  has  described,  under  the  name  "Craw-craw"  {ndt  p.  7i9y— 
which  means  in  some  native  African  languages  any  itching  skin  dia««M 
— an  itching  papulo-vesicular  akin  affection  very  similar  to  that  descriM 
by  Nielly,  and  similarly  characterised  by  the  presence  of  immstiirv  nenu- 
todes  in  the  [mpulea  of  the  skin  lesion.  Geographical  considentiom 
indicate  with  considenible  probability  that  the  parasites  observed  W 
O'Neil  were  really  one  of  the  microfilarite  described  below,  prolialih'  HsU 
of  F.  Persians,  which  had  escaped  in  the  blood  liberated  in  bis  punetnribf 
the  papules  he  refers  to,  and  is  merely  an  accidental  concomitant 

Rhabdltis  pelllo  (Schneider)  1SG6.— (Synonyms :  PrlodTa  fMit 
Schneider  18S6,  RkaMiiix  gtnUalis  Scbeiber  1880.) — The  male  is  0'8  to 
1-06  mm.  long,  the  female  09  to  13  mm.  in  length.  The  former  Im 
a  llea^^sl^aped  bursa  with  seven  to  ten  ribs  on  earli  side.  The  Bpiculei 
arc  0*027  to  0'033  mm.  in  length,  not  tjoite  alike.  The  ovary  it 
unpaired,  the  vulva  just  behind  the  middle  of  the  body,  the  eggi 
measure  O'OG  by  0-035.  This  species  was  found  in  the  urine  of  a  femilc 
patient  in  Hungary  suffering  from  pneumonia  and  calArrh  af  tlw 
intestine.  The  nematodes  were  liWng  in  the  vagina.  Hh.  ji4lvi  ix  wIicb 
young  parasitic  in  the  earthworm  (Lumhricus  Urreslris,  etc,),  and  wha 
grown  up  lives  in  moist  earth.  The  habit  of  the  Hungarian  peAssnia  uf 
applying  earth  poultices  Ui  their  bodies  probably  accounts  for  ih« 
presence  of  this  nematode  in  the  vagina. 

Family  V.— Fllaridse 

The  Filaridee  are  long  filiform  worms,  ^ery  slender,  and  of  nniforv 
diameter,  with  a  lipped,  a  papillated,  or  a  simple  mouth.  (Esophwoa 
thin,  without  a  bulb.  The  tail  of  the  male  is  strongly  incurvalMl,  and  m 
furnished  with  severtd  pairs  of  pre-anal  papillfe,  and  sometimM  la 
additional  single  unpaired  pre-anal  papilla,  besides  an  uncert«in  nmnlxr 
of  post-anal  papilla.  The  male  has  either  a  single  spiculiim  nr  tao 
une(]ual  spictiia.  In  the  female  the  utei-us  is  double  :  ovc>-vi\-iparoiu. 
The  family  includes  many  genera,  only  one  of  which — Filahn — it 
represented  among  the  parasites  of  man. 

I  Fllaria  conjunotlvee  Addarib  1885. — (Svnonvms  :  FUaria  ptrilaiM 
ktminU  Babes  1880,  Fit.  iiwmu  Grassi  1687,'  Fit.  apapUlocffUt 
Condorelli-Francaviglia  1892.)^Thts  worm  is  properly  a  parasite  ni  th« 
ass  and  horse.  The  female  atone  is  known.  It  is  about  1 6  to  20  em- 
long  by  05  mm.  broad,  white  or  brownish,  and  slightly  flattonMl.  Tb* 
cuticle  is  ringed.  The  mouth  is  terminal  and  simple :  the  vulva  t* 
placed  close  behind  the  mouth.     The  species  is  ovo- viviparous,  the  mure 
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mature  embryos  being  free  at  the  lower  end  of  the  uterus.  These  are 
rounded  anteriorly,  gradually  tapering  to  a  pointed  tail  posteriorly,  and 
measure  035  by  0*005  mm.  Neither  the  male  m-oith  nor  the  life- 
history  of  the  ])arasite  is  known.  h\  cofijwnctira'  has  been  found  in  man, 
in  an  immature  state,  only  three  times,  namely,  once  in  the  eye,  once 
encysted  in  the  gastroHsplenic  omentum,  and  once  encysted  in  the  ocular 
conjunctiva. 

ii.  Filaria  oculi  human!  v.  Nordmarin  1832. — (Synonym:  F.  lentis 
Diesing  1851.) — Under  this  name  are  probably  included  several  species 
of  minute  filariae  which,  from  time  to  time,  have  been  found  either  in 
the  crystalline  lens,  or  in  the  vitreous  or  aqueous  humours.  Similar 
parasites  are  found  in  the  lower  animals ;  it  is  probable  that  those  which 
have  Y>een  found  in  man  are  noinnally  parasitic  in  beasts.  Their 
zoological  characters  and  pathological  effects  are  equally  unknown.  It  is 
probable  that  some  species  described  under  this  name  are  identical  with 
J^.  ronjundivce. 

iii.  Filaria  restiformis  Leidy  1880. — A  nematode,  66  mm.  long 
and  1  "5  broad,  passed  from  the  urethra  of  a  male  in  Virginia. 

iv.  Filaria  hominis  oris  Leidy  1850. — A  nematode,  140  mm.  long 
and  0*16  broad^  said  to  have  come  from  the  mouth  of  a  child. 

V.  Filaria  labialis  Pane  1864. — Like  the  preceding  two  cases  this 
rests  upon  an  isolated  instance,  in  which  the  worm  was  taken  from  a 
pustule  in  the  lip  of  a  man  at  Naples.  It  had  a  length  of  30  mm.  The 
mouth  had  four  papillae. 

vi.  Filaria  equina  (Abildg.)  1789.  —  (Synonyms:  Gordiv.^  fquinus 
Abildg.  1789,  Fihria  equi  Gmelin  1789,  Ilamnhria  Irfmphatica  Treutler 
1793,  TenUicularia  subratupressa  Zedder  1800,  F,  fxtpillosa  Kud.  1802, 
F.  ?wminis  hroncliialis  Rud.  1819,  F,  hominis  Dies.  1851,  Strongyhis  h'tm- 
chialis  Cobb.  1879.) — Body  white  and  thread-like,  cuticle  finely  ringed. 
The  male  is  60  to  80  mm.,  the  female  90  to  120  mm.  long.  This  is 
normally  a  parasite  of  the  horse  and  ass,  living  in  the  body -cavity,  from 
^whence  they  spread  through  the  host.  They  have  been  found  in  nodules 
in  the  lungs  of  man. 

vii.  Filaria  romanorum  orientalis  Sarcani  1888. — Observed  in  the 
blood  of  a  Rumanian ;  it  had  an  alimentary  canal  and  well-developed 
reproductive  organs.     It  measured  1  mm.  in  length  and  003  in  breadth. 

viiL  Filaria  kilimarse^  Kolb  1898. — Several  females  were  found  in 
the  abdomen  of  a  Kitu  warrior,  with  mouth  papilla)  similar  to  those  of 
J*,  medinensis. 

ix.  Filaria  medinensis  (Velsch)  1674. — (Synonyms:  Vena  medinensis 
Velsch  1674,  J)racu7Wfilus  persaruvi  Kiimpfer  1694,  Gordins  viedinensis 
Ii.  1758,  Filaria  drnmnmlus  Bremser  1819,  F.  trihifipira  Valen- 
ciennes 1856,  Dramnndus  medinensis  Coblwld  1864.  The  Dracunculus, 
Guinea-worm,  or  Dragonneau)  (Fig.  192). — This  parasite  is  endemic  in 
many  parts  of  India,  in  Persia,  Bokhara,  Turkestan,  Arabia,  along  the 

^  This  i«  probably  a   young  form  of  Fit.  m^linensisy  Arch,  f.  Schifs-  v.  Troprnhyg. 
iL  1898,  p.  28. 


cotkste  of  the  Red  Sea,  in  tropical  Africa,  and  in  one  or  two  spots  in  Hit 
ti'Opical  parts  of  South  America.  In  some  of  ihtM 
places  at  cei-lain  seasons  of  the  your  nearly  half 
the  {X'ptilation  is  affected. 

Although  as  a  rule  only  one  worm  is  present 
at  a  lime,  in  countries  where  the  immsite  is  vm' 
prevalent  two,  three,  or  four  are  not  luiconinioii ; 
and  cases  are  on  reconl  in  which  as  majiy  u 
thirty  coexisted  in  one  person. 

Only  the  femide  worm  (Fig.  193)  is  well  knowD, 
measuring  500  to  800  mm.  in  length  and  0-&  U 
1*7  in  brcadlh.  Her  habitat  is  the  sul>cutMieom 
and  intermuscular  connective  tissue.  Herf,  un- 
consciously to  the  host,  she  attains  a  great  I«n^. 
Some  specimens  measure  as  much  as  six  feel,  othen 
a^in  not  more  than  one  foot ;  three  feet  may  he 
stated  as  an  average  length.  The  breadth  is  about 
one-tenth  of  an  inch.  The  head  end  of  the  wona 
is  slightly  tapered  down,  and  then  almiptlr 
ti'uncated.  The  mouth  is  terminal,  and  Burmiuid«l 
by  two  large  and  four  smaller  papilln?.  The  body 
is  white,  faintly  transversely  striated,  uniformly 
cylindrical,  firm,  very  extensile,  and  havinf  t 
breaking  strain  of  about  eleven  ounces.  The  uil 
terminates  abruptly — usually  in  a  small,  sharply 
lient  hook.  The  alimentary  canal,  thrust  to  one 
side  and  compressed  by  the  gravid  uterus,  is  a  Gm 
tube  which  nina  backwards  from  the  mouth  to 
near  the  tail,  where  it  atrophies,  without  opening 
externally,  by  merging  in  the  muscido-cutaneoQ* 
body-wall.  The  vagina  opens  near  the  mouth,  jn* 
nutside  the  circle  of  papillii^.  The  uterus  runs 
from  head  to  tail  as  one  continuous  and,  relatively, 
enormous  tiibe  packed  with  millions  of  free  embryo*. 
Leipei'  has  recently  found  the  male  forms  in  the 
muscles  of  an  experimentally  infected  monkey. 
Tlicy  are  small,  measuring  22  mm,  in  length,  thty 
have  five  pairs  of  post-anal  papillee. 

The  process  by  which  the  embryo  tlracuncnU  tpBt 
the  body  of  the  parent  worm  and  that  of  tifir 
huniiin  host  is  an  inleresliug  one,  and  has  a  'itil 
practical  bearing  on  treatment.  When  the  parent 
dracnncuhis  appronchea  maturity,  she  liegins  tomu^e 
slowly  through  the  tissues,  head  first,  and,  in  90  fn 
cent  of  cases,  in  a  downward  direction  unlil  hvr  hmi 
,  arrivesat  foot,  ankle,  or  leg.  The  head  then  ilrilb 
a  small  hole  in  the  dermis,  sparing;  the  opidennii 
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Over  this  hole  a  bulla  forms,  probably  induced  by  the  irritating 
properties  of  some  secretion  or  discharge  from  the  worm.  In  the 
course  of  a  few  days  the  bulla  ruptures,  disclosing  a  small  superficial 
iilcer  with  the  above-mentioned  minute  hole  in  its  centre.  Sometimes,  on 
rupture  of  the  bulla,  though  this  is  by  no  means  usual,  the  head  of  the 
worm  is  seen  protruding  from  this  little  hole.  If  now,  whether  the  head 
protrude  or  not,  a  little  cold  water  be  poured  on  the  limb  in  the  vicinity 
of  the  dracuncular  ulcer,  a  minute  quantity  of  a  whitish  fluid  is  presently 
seen  to  well  up  from  the  central  hole ;  or  a  small  tube,  at  first  pellucid, 
then  white,  is  seen  to  be  slowly  extruded  from  this  hole  to  the  extent 
of  about  half  an  inch  or  even  more.  Suddenly  this  little  tube  ruptures, 
its  contents  being  spilt  over  the  ulcer.  The  whitish  fluid  alluded  to  is 
part  of  the  uterine  contents,  and  the  little  tube  is  part  of  the  uterus 
itself,  which  the  woim,  stimulated  by  the  water  poured  on  the  limb, 
forces  as  a  prolapsus  through  what  may  be  her  mouth.  That  this  is  what 
takes  place  is  proved  by  a  microscopic  examination  of  the  fluid  refen-ed 
to,  which  consists,  on  the  addition  of  a  little  water,  of  a  mass  of  seething, 
wriggling  dracunculus  embryos.  This  discharge,  with  or  without  visible 
prolapsus  of  the  utenis,  is  repeated  at  short  intervals.  In  the  course 
of  about  a  fortnight  the  worm  has  emptied  her  entire  uterus.  She  is 
now  ready  to  quit  her  host;  sometimes  she  will  do  so  spontaneously, 
generally  she  can  be  readily  removed  by  gentle  and  intermittent  traction 
renewed  at  intervals  during  a  day  or  two. 

The  reason  why  instinct  leads  the  dracunculus  to  descend  to  the 
foot  or  ankle  before  beginning  to  empty  her  uterus  is  obvious.  These 
are  just  the  parts  of  the  body  which,  in  a  warm  climate  and  in  natural 
conditions,  are  most  likely  to  be  brought  in  contact  with  water.  The 
reason  why  the  extrusion  of  embryos  is  provoked  by  contact  of  the 
limb  with  water  is  equally  obvious,  for  the  next  step  in  the  development 
of  the  embryo  is  made  in  this  element.  It  is  true  that  the  dracunculus 
sometimes  reaches  the  surface  at  other  points  of  the  body,  but  such  an 
event  is  comparatively  rare. 

The  embr}'0  dracunculus  (Fig.  193)  (0*6  by  001 75  mm.)  is  a  long, 
transversely  striated  animal,  provided  with  a  slender  tail  occupying 
about  two-fifths  of  the  entire  length.  A  rudimentary  alimentary  canal 
and  two  curious  little  sacs  (Fig.  194)  placed  wW/-risat  the  Iwise  of  the  tail 
are  readily  made  out.  The  body  of  the  embryo  is  not  cylindrical ;  it  is 
distinctly  flattened.  The  little  animal  swims  about  in  the  water  very 
actively,  and  can  be  kept  alive,  especially  in  muddy  water,  for  some 
days. 

Its  next  step  in  development,  as  first  pointed  out  by  Fcdschenko, 
is  made  in  a  fresh- water  copepod  of  the  genus  Cijdaps  ((*.  .^Irmuu^^ 
C.  fncvspidnfuSy  C.  virid.i.%  and  C.  quadrkai'iiis),  whose  body-ciivity  it  enters 
by  penetrating  the  cuticle,  or  it  may  be  by  the  mouth.  In  the  Cijdops 
the  young  filaria  undergoes  a  metamorphosis  which  is  completed  in  from 
two  to  five  weeks,  according  to  the  temperature.  In  this  condition  it 
is  believed  that  the  microfilaria  or  larva  is  transferred  to  the  human 
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Btomach  in  drin king- water.  It  ia  conjectured  that  the  CyeUfpi  is  therein 
digested ;  and  the  parasite,  being  thus  set  free,  penetrates  the  alimentary 
canal.  Impregnation  probably 
occurs  in  the  connective  tissues  of 
the  host.  The  parent  worm  takes 
a1x>ut  a  year  to  reach  maturity. 

Fedschenko's  experiments  with 
embryo  guinea-worms,  procured  in 
the  way  described  above,  have  been  1 
frequently  repeatefl  with  Cyclops 
from  ponds  in  the  neighbourhood 
of  London.  Should  more  than  four 
or  five  succeed  in  making  their  way 
into  a  Cyclop.'',  the  latter  in  most 
CAses  dies.  In  these  experiments 
metiimorphosis  occupied  a  much 
longer  time  than  in  Fedschenko's; 
for  after  seven  weeks  the  first  Fm.  i'.'s.-Tra™vi.rw^w|.'tijpiiofi'-.mn(infwii. 
ecdysis  and   shedding    of    the    tail 

ha<l  only  been  completed  in  some  of  the  worms,  others  being  still 
provideil  with  tails  and  transversely  striated  integument.  Probably  this 
delay  was  owing  to  the  lower  temperature  of  out  English  climate.  The 
cml)ryo  guinea-worm  will  not  enter  the  body  of  Ilaphuin,  Some  have 
asserted  that  the  guin<;a-worm  effects  its  entrance  into  the  human  host 
directly  through  the  akin.  The  recent  observations  of  Looss  and  others 
in  the  Ankylostomo  seemed  to  countenance  this  theory,  which,  it  has  been 
contended,  is  further  supported  by  the  frequency  of  guinea-worm  in  the 
backs  of  water- carriers  who  bear  their  burden  in  leaky  skins  slung  across 
the  back.  The  following  observations  of  Leiper  militate  against  this 
riew.  Leiper  states  that  for  the  first  fortnight  during  the  stay  in  the 
body  of  the  Cyclops  the  microfilaria  is  active  and  changes  its  position ; 
during  the  third  and  fourth  weeks  these  movements  cease,  and  the  larva 
becomes  quiescent.  On  the  addition  of  a  little  0'2  HCl,  representing  the 
acidity  of  gastric  juice,  the  Cydvps  is  killed,  but  the  microfilaria  resumes 
its  former  activity.  The  latter  casts  its  cuticle,  and  seeks  a  weak  spot 
in  the  chitinous  armour  of  the  Cyclops,  through  which  it  makes  its 
escape.  Other  specimens  not  exposed  to  the  acid  lived  for  some  weeks 
iu  the  Cyclops,  and  died  soon  after  their  host  died,  Leiper  succeeded 
in  communicating  guinea-worms  to  monkeys  by  administeiing  to  tbcm 
guinea-worm-infectej  Cyiops.  His  experiments  are  still  in  progress,  but 
in  one  of  his  monkeys,  which  died  of  tubei^^ulosis  six  months  after  the 
administration  of  the  infected  Cyclops,  several  male  and  female  worms, 
immature,  it  is  true,  but  apparently  identical  in  structure  with  guinea- 
worms,  were  found  in  the  connective  tissue  of  the  tnink  and  limbs. 

Duke  says  that  the  appciirance  of  a  guinea-worm  is  usually  pre- 
cede<l  by  a  transient  xirticarial  eruption  oftvn  accompanied  by  vomiting. 
Beyond  this,  and  the  occasional  feeling  as  of  a  cord  below  the  skin,  and 
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the  bulla  and  ulcer  as  before  described,  the  worm,  if  not  interferctl  with, 
gives  rise  at  first  to  no  symptoms.  Should  unintelligent  attempts  at 
premature  extraction  lead  to  rupture  of  the  parasite,  the  consequtnl 
extravasation  of  millions  of  embryos  and  the  fluid  in  which  they  swim 
into  the  tissues  is  almost  sure  to  give  rise  to  violent  constitutioruil  <liv 
turbanco — to  abscess,  sloughing,  and  similar  local  troubles. 

This  worm,  like  other  members  of  the  Filaridaj,  causes  an  increase*  in 
the  number  of  the  eosinophil  cells  of  the  blood.  The  average  percenta^'e 
of  eosinophil  cells  in  twelve  cases  recorded  by  Powell  and  Balfour  was 
13 "6,  with  individual  counts  varying  from  4*7  to  36*6  ;  the  total  leucocyte 
count  remained  about  normal. 

Treatment, — When  she  first  shews  herself  the  worm  should  b^  left  alone 
and  carefully  protected  by  frequently  renewed  water-dressings.  The  pjin* 
ought  to  be  douched  several  times  a  day  with  cold  water  to  encouni|:e 
parturition,  and  uteiine  extrusion.  When  she  is  quite  empty  and  begin? 
spontaneously  to  emerge,  her  exit  may  be  facilitated  and  accidenuil 
rupture  prevented  by  rolling  the  body,  as  it  emerges,  on  a  pit^re  of 
wood  such  as  a  match.  Injudicious  attempts  to  wind  the  worm  out 
before  she  has  emptied  herself  are  to  be  deprecated,  as  they  are  nearly 
sure  to  end  disastrously.  If  the  entire  worm  can  be  msuie  out  dis- 
tinctly coiled  up  just  under  the  skin,  she  may  be  removed  through  a 
small  incision,  a  loop  being  hooked  up  with  a  finger,  whilst  the  surround- 
ing tissues  are  carefully  kneaded.  Lately,  injections  of  solution  of 
perchloridc  of  mercury  (1  in  1000)  into  the  track  of  the  worm,  injectini: 
it  as  soon  as  the  parasite  begins  to  irritate  the  skin,  have  been  advocated. 
One  injection  suffices.  The  worm  is  killed  and  is  said  to  be  absorbe*! 
like  a  piece  of  aseptic  catgut,  liecent  observations  seem  to  esUiblish  the 
value  of  this  treatment 

Occasionally  the  guinea-worm  fails  to  penetrate  the  skin  or  dies  at 
an  earlier  stage  of  development.  The  worm  in  this  case  becomes  cretitied, 
and  sometimes  mav  be  felt  as  a  hard,  convoluted  cord  under  the  skin  K>i 
the  leg.  Such  cretificd  worms  do  no  harm,  and  ought  not  to  be  interfered 
with. 

FiLAiiiA  Sanguinis  Hominis 

This  term  is  appi.ed  to  the  free  hajmatozoan  embryos  of  variou? 
species  of  filarial  parasites  whose  parental  forms  lie  in  the  tissues, 
lymphatics,  or  blood-vessels,  and  whose  young  circulate  in  the  Mood 
of  man. 

From  the  date  (1872)  of  Lewis's  discovery — that  the  blood  of  luun 
occasionally  contains  these  embryo  parasites — up  to  thu  last  few  years,  it 
was  supposed  that  there  was  only  one  such  species  of  blootl-worm.  But 
at  the  present  moment  there  are  at  least  four  diflferent  and  wt-ll- 
authenticated  species  of  Filar ia  recorded  either  as  adults  or  iis  larva* 
which  pass  their  larval  stage  in  the  blood  of  man,  each  probably  having 
its  own  special  pathological  relations. 
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There  htis  been  considerable  difficulty  in  associating  the  larval  forms 
with  their  parents.  At  present  we  are  ignorant  of  the  larval  forms  of 
the  two  genera,  F,  magalhcesi  and  /'.  v<)Iculu^%  whilst  the  parent  foims  of 
/'.  jfowelli  are  unknown.  The  question  of  nomenclature  presents  another 
difficulty.  In  many  cases  the  larval  form  was  the  first  to  be  described  and 
named.  /'.  nociurmi  was  described  and  named  thirteen  vears  before  the 
parent  form  F.  bancrofti,  yet  it  is  the  parent  form  that  we  must  regard  as 
the  species,  and  its  name  must  be  the  specific  name.  Lc  Dan  tec  (431) 
has  suggested  that  in  common  parlance  we  should  speak  of  the  adult  as  the 
iil.aria,  the  larva  as  the  microfilaria.  If  this  could  be  done  we  should  speak 
of  the  F.  nocturna  as  the  microfilaria  of  F.  hancrofti ;  but  for  the  present, 
however,  such  names  as  F.  nodurna,  F.  2>^^'stans,  etc.,  are  too  deeply 
embedded  in  medical  literature  to  be  eradicated. 

The  following  is  a  list  of  the  Filarise  whose  larvae  live  or  are  believed 
to  live  in  the  blood  of  man  : — 

Adult  Form  Larval  Form. 

Filaria  loa  FiUiria  diuma 

Filaria  perstans  Filaria  jyerstatis 

Filaria  hancrofti  Filaria  noctnnia 
Filaria  nuigalhicsi  ?  ? 

Filaria  demarquay^i  Filaria  deinarquayi 
Filaria  volvulus  ?  ? 

?  ?  Filaria  powelli 

It  is  very  probable  that  many  more  species  of  such  ha^matozoa  will 
be  discovered  hereafter.  It  would  seem  that  the  human  blood,  as  well  as 
the  blood  of  maiiy  of  the  lower  animals,  especially  of  birds,  is  a  fitting 
nursery  for  the  young  of  an  extensive  fauna. 

It  is  of  the  utmost  importance,  therefore,  if  we  would  avoid  hope- 
less confusion  and  advance  this  new  departure  in  pathology,  that  the 
greatest  care  be  taken  to  identify  the  different  species — diagnosing  one 
from  the  other  as  carefully  as  we  would  small-pox  from  me<asles,  p^itho- 
genetic  from  saprophytic  micro  -  organissms,  venomous  from  harmless 
snakes.  It  is  not  sufficient  to  chronicle  in  the  record  of  a  case  that 
**  filariae  were  found  in  the  blood  " ;  we  must  specify  the  species,  and,  if 
it  be  a  new  one,  describe  accurately  its  appearance  and  habits. 

The  Microfilariw  smiijuinis  hominis  are  long,  ^jlender,  transparent, 
gracefully  formed,  snake-like  organisms  which,  when  seen  under  the  micro- 
scope in  newly  drawn  blood,  exhibit  a  remarkable  activit}  in  coiling  .ind 
uncoiling  themselves,  in  wriggling  and  lashing  about  in  incessant  and  rapid 
movement  among  the  corpuscles.  They  remain  alive — their  movements 
gradually  slowing  down,  however — for  days  on  the  slide,  provided  the 
blood  be  kept  from  drying  up  and  at  an  ordinary  temperature.  Unless 
possessed  of  considerable  experience  it  is  difficult  for  the  observer  to 
arrive  at  a  diagnosis  of  any  particular  specimen  of  microfilaria  when  it  is 
first  mounted  on  the  slide ;  but,  as  movement  slows  down,  diagnosis  of 
species  is  by  no  means  difficult  if  the  following  points  be  attended  to :  - 
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1.  The  presence  or  absence  of  periodicity  in  the  appeannce 
disappearance  of  the  embryos  in  the  blood ;  and,  if  periodicity 
detected,  its  mode.  Thus,  the  larvw  of  one  epecies  of  fiUria  (F. 
appear  during  the  day,  disappearing  dimng  the  night ;  those  of  ano 
species  (F.  bancro/U,  Lewis's  filaria)  appear  during  the  night,  disapp 
ing  during  the  day ;  whilst  those  of  two  species  (F.  pfr/iam 
F.  demarquayi)  are  constantly  present  both  by  day  and  by  night. 

2.  The  presence  or  absence  of  a  sheath  enclosing  the  worm.  Tl 
MxaojUarvi  diunui  (the  larva  of  /'.   loa),  Microjilariii  nocturna  (the  h 


F^m  A  photomlcrogi^pli  bj  U 


of  F.  baiiavfli),  are  enclosed  in  long,  trailing  sheaths,  whereas  the  Itfn 
of  F.  denuirquai/i  and  the  larvte  of  F.  perstani  are,  so  to  speak,  naked. 

3.  The  shape  and  characters  of  the  head  and  tail  ends  of  the  emliy 
worm.  Is  the  formtt  provided  with  an  armature,  and  if  so,  wh»t  u 
Its  character  and  appearance  T  Is  the  tail  acutely  pointed  or  sbrufll 
truncated,  and  what  is  the  length  of  the  taper  running  up  to  the  tail  1 

4.  Accurate  measurements  of  length,  breadth,  and  other  featura. 

5.  Character  of  movements  :  laehing  and  stationary  as  in  JUim^K' 
tliurna  and  Microfilaria  nocluma,  lashing  and  locomotor  as  in  the  lim< 
F.  perxlans. 

6.  Associated  pathological  conditions  if  such  be  present. 

7.  Country  in  which  the  parasite  was  acquired. 

S.  Zoological  characters  and  exact  seat  of  any  parent  worm  *kid 
may  be  found. 


PARASITIC  WORMS  929 


If  attention  be  given  to  these  points  a  correct  diagnosis  can  be  arrived 
in  most  instances. 

Technique, — To  ascertain  the  presence  or  absence  of  microfilariae  in 
)  blood  of  man  or  animal  the  most  rapid  and,  at  the  same  time,  most 
ist worthy  method  hitherto  employed  is  the  following,  which  has  the 
ditional  advantages  of  not  entailing  microscopic  examination  imtil  such 
ne  as  may  suit  the  convenience  of  the  observer ;  moreover,  dealing  as 
does  with  a  comparatively  large  quantity  of  blood,  it  is  sure  to  reveal 
B  parasites  if  any  be  present  and  free  in  the  circulation.  The  blood  is 
ocured  in  the  ordinary  way  from  a  finger  in  man,  or,  in  the  case  of 
e  lower  animals,  from  any  part  not  covered  with  hair.  When  a  largo 
X)p  has  welled  up  from  prick  or  incision  the  entire  amount  is.  trans- 
rred  to  a  glass  slip  by  dabbing  the  centre  of  this  on  the  blood.  The 
ood  is  then  spread  out  on  the  slip  with  a  needle  in  a  fairly  uniform 
m,  extending  over  an  area  of  about  one  inch  by  one  inch  and  a  half, 
le  slip  is  then  laid  on  its  uncharged  surface  till  dry.  The  blood  may 
stained  as  soon  as  it  is  dry ;  or  the  slip  may  be  labelled  and  packed 
ay  till  a  more  convenient  time.  The  blood  is  best  stained  by  immersing 
5  slide  for  about  an  hour  in  a  very  weak  watery  solution  of  fuchsin, 
B  or  two  drops  of  the  saturated  alcoholic  solution  to  the  ounce  of 
t:er ;  or,  more  quickly,  by  a  2  per  cent  solution  of  methylene  blue.  If 
\}e  found  too  deeply  stained,  it  may  be  decolorised  by  washing  for  a 
v-  seconds  in  a  weak  solution  of  acetic  acid,  three  or  four  drops  to  the 
nee  of  water.  It  may  then  be  examined  wet  or  dry,  with  or  without 
over-glass.  A  magnifying  power  of  sixty  to  eighty  diameters  sufiices 
shew  the  microfilariae,  which,  with  certain  white  blood-corpuscles,  are 
i  only  stained  objects  in  the  field.  Rapidity  and  thoroughness  are 
tured  by  using  a  mechanical  stage.  The  unknown  and  possibly 
eying  degrees  of  shrinking  which  the  microfilariae  undergo  when  dried 

a  "smear,"  or  when  submitted  to  staining  or  to  other  fluids,  may 
2ount  for  some  discrepancies  in  the  measurements  given  by  different 
servers. 

To  study  the  movements  and  anatomy  of  the  microfilariae  slides  of 
wh  blood  must  be  used.  Ordinary  wet  preparations  are  made,  care  being 
ten  that  they  are  not  too  thick ;  the  film  should  be  no  deeper  than 
e  layer  of  corpuscles.  If  the  examination  is  to  be  prolonged,  or  if  it  is 
be  renewed  at  intervals  during  several  days,  the  slides  had  better  be 
Jed  with  vaseline.  Search  should  be "  made  for  the  microfilaria  with 
B  low  power  mentioned ;  when  they  are  found  they  can  be  centred* and 
amined  with  higher  powers.  To  see  the  sheath  a  magnifying  power  of 
0  diameters  suffices ;  to  make  out  the  structure  of  the  head  and  the 
Bpots  a  good  condenser  and  an  immersion-lens  are  necessary,  a  moribimd 
crofilaria  in  a  field  free  from  corpuscles  being  selected  for  study. 

X.  Filaria  loa  Guyot  1778. — (Synonyms  of  adult:  Filaria  oculi 
arv.  et  V.  Ben.  1859,  Draciinadus  oculi  Diesing  1860,  Dramncvlvs  loa 
•bbold  1864,  Filaria  mbconjmuiivalis  Guyon  1864.  Synonyms  of 
"va:   Filaria   sanguinis  haminis,   var.   iiiajar  Manson    1891,  the  larval 
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form  is  Microjilaiia  diurna,  formerly  called  F,  diurna.) — Wiirtz  and  Pcud 
found  in  the  body  of  an  African,  who  had  suffered  from  MlcT'fpkrvi 
diurna,  thirty  specimens  of  F.  loa  in  the  subcutaneous  tissues  of  the  limbi 
They  had  apparently  been  moving  actively  about  through  the  tissue.  The 
males  measure  from  25  to  30  mm.  in  length  by  0'3  mm.  to  0*35  in  breadth. 
They  are  white,  slightly  translucent,  and  tapering  at  each  end,  with  a 
simple  mouth,  a  slightly  indicated  neck,  and  incurved  tail,  and  two  ntber 
short  unequal  spicules.  The  chitinous  integument  is  sprinkled  over  with 
numerous  hemispherical  bosses  in  both  sexes.  There  are  three  pairs  of 
very  large  pre-anal  and  two  post-anal  glands.  The  females  are  40  mm. 
long  and  0*425  in  width.  The  unsegmented  ova  measure  0*0034  * 
OOOIT  mm.,  but  as  the  egg  segments  it  increases  in  size,  and  by  the 
time  the  embryo  is  formed,  coiled  up  in  the  egg-shell,  it  attains  the 
dimensions  of  0005  by  0*0025.  The  free  embryos  mea.sure  0*26  to 05 
by  0006  to  0*008  mm. 

Excepting  that  Microfilaria  diurna  appears  in  the  blood  during  the 
day  it  closely  resembles  Microfilaria  nociurrui,  being  sheathed,  sharp- 
tailed,  possessing  a  central  granular  aggregation,  a  V-spot  and  tail  aui 
having  very  similar  dimensions,  oral  and  general  movements  (see  "  Mtcfv- 
filar  la  iwcturna,''  p.  934). 

The  diurnal  periodicity  of  Microfilaria  diurna  has  been  thoroughly 
made  out.  As  regards  the  parasite  this  is  an  important  physiological  fact, 
and  is  sufficient  to  establish  the  specific  independence  of  this  microfilaria 
from  Microfilaria  nocturna,  seeing  that  it  implies  a  different  intermediate 
host,  a  different  life-history,  and  therefore  a  different  i)arental  form. 
Ordinarily  Microfilaria  diurna  begins  to  appear  in  the  peripheral  circulation 
about  8  A.M.,  increases  in  number  till  about  12  or  1  p.m.,  decreases  io 
numbers  as  evening  approaches,  and  disappears  for  the  night  about  9  P.3L 
This  periodicity  has  been  followed  during  many  weeks. 

This  worm  is  indigenous  and  confined  to  the  West  Coast  of  Africa, 
where,  in  many  districts,  it  is  not  uncommon.  It  lives  in  the  subcutaneon 
areolar  tissue,  wandering  about  the  body,  and  causing,  when  it  approaches 
the  skin,  a  certain  amount  of  localised  itching  and  irritation,  and,  it  is 
believed,  the  peculiar  form  of  evanescent  oedema  known  as  Calahar 
swellings.  It  occiisionally  appears  in  the  eyelids  or  under  the  con 
juncti\'^,  and  there  gives  rise  to  some  pain  and  congestion. 

The  life -history  of  F.  loa  is  still  imperfectly  known.  It  is  ov«h 
viviparous  in  the  sense  that  when  the  embryo  leaves  the  parent  it  i« 
still  lenclosed  in  the  egg-shell,  which  now  forms  a  sheath ;  considerii^ 
this  circumstance,  its  location,  the  characters  of  its  embr^'os,  its  peculiar 
geographical  distribution,  and  that  in  several  instances  it  was  found  ii 
association  with  Microfilaria  diurna,  it  was  suggested  in  the  last  edition 
that  this  was  the  parental  form  of  Microfilaiia  diuima.  Since  that  time 
evidence  tending  to  shew  that  this  conjecture  is  correct  has  hctz 
accumulating,  but,  even  now,  it  cannot  be  said  that  it  is  absolutek 
established. 

A  considerable  number  of  instances  are  on  record  in  which  Filar\*i  '■-» 
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been  seen  in  the  eye,  but  in  which  Microfilaria  diunia  was  absent 

the  peripheral  circulation.     In  yet  other  cases  Microfilaria  diwna 

)een  found  in  the  blood,  but  Filaria  loa  had  not  shewn  itself  in  the 

And   in  many    cases    of  the    Cala1)ar    swellings, 

alluded  to  as  probably  caused  by  Filaria  loa,  neither 

'fihnia   diurna  nor  Filaria  loa  were   found.      Con- 

;ly,   however,   in  now   not  a  few  instances,   Filaria 

and    Microfilaria     diurna;    Calabar     swellings    and   ^,^^    ^^^  —FiUiria 

ofikDia  diurna;  Calabar  swellings  and  Filaiia  loa;     /Ja  (n'at.  size). 

in  at  least  two  instances,  F.  loa.  Microfilaria  diurna^         *"'*"' 

Calabar  swellings  have  concurred  in  the  same    individual.      The 

appearance  of  F.   loa  in  a  case  of  Microfilaria  diurna  infection   is 

y  explained ;  for  although  /'.  loa  may  be  present  in  large  numbers 

he    connective    tissues,    and    although    it    is    evidently    given    to 

iering   about    the  body,    the    chances   of   its   traversing    the    sub- 

mctival  connective  tissue,  the  only  place  in  which  it  could  be  seen 

recognised,  must  be  small  indeed.     But  it  is  difficult  to  understand 

Microfilaria  diurtia  could  be  absent  from  the  peripheral  circulation  in 

I  where  F.  Ion  has  been  seen  in  the  eye  or  Calabar  swellings  are 

^  frequently  recurring  in  different  parts 

^  of  the  body,  if  Microfilaria  diurna  be 

^  indeed  the  young  of  F,  Imi, 

M  The  explanation   is   not   evident ; 

m  nevertheless  it  is  true  that,  in  at  least 

M  one  observed  instance,  pregnant  F,  loa 

M  shewed  itself  at  one  time  in  the  eye 

m  without  concurrent  Microfilaria  diurna 

m  being  discovered  in    the  blood  ;   and 

r  '  yet  seven  years  afterwards  Microfilaria 

diurna  was   found    in    the  peiipheral 

circulation.      A  lady  who  had  resided 

in  West  Africa  for  several  yeiirs  left 

L  that  country  and  never  returned  to  it. 

^^^^  On  her  arrival  in  flngland   a  mature 

^^^^  ^^^   gravid  F,  loa  was  removed  from  her 

^^  ^^  ^3   eye.      At  the  time  of  the   operation 

^  M  her  blood  was  carefully  and  critically 

I        ^  examined  for  Microfilaria  diurna,  but 

^^^^^^    ^^T  not  a  single  example  was  discovered. 

^^^^^^^^  Seven  years  later,  several  F.  loa  having 

^^^^^  been    extracted    from   the    eyes   and 

1^^^^  eyelids    in    the    interval,   this    lady's 

.  ij>8.-fi/«ri<i  loa  (inagnined).    From  a      blood  was  iiffiiin    examined,  and  was 

photojfrai>h  by  Mr.  Andrew  Prin^'le.  c»  .  .,,-.. 

then  found  to  be  swarmmg  with  Mtcro- 
\a  diurna.  She  was  kept  under  observation  for  several  months,  and 
3Ugli  no  additional  F,  loa  were  seen,  the  Microfilaria  diurna  was 
lys  present  in  the  blood  when  this  was  examined  during  the  daytime. 
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Why  these  embryos  were  not  present  some  years  l>eiore  is  dilfinili  id 
explain.  Their  abeetice  at  tbitt  time  »nd  subsequent  presence  tiiKg>tt 
chat  MicrojUaritv  diurna  may  not  get  actress  to  the  blood  iin mediately  u« 
its  birth.  Hence  their  absence,  it  may  be  temporary,  in  n 
of  undoubted  /'.  loa  infection  and  of  Calabar  swellings.  It<  is  more  tliu 
probable  that  F.  Im  fre(]uently  occurs  in  birge  numbers  in  tbe  body, 
that  the  removal  of  one  F.  loa  from  the  eye  by  no  means  Eecores  aguna 
the  appearance  of  another  F.  Ion  in  the  same  situation. 

Wurtz  and  Clerc  found  in  a  case  of  this  Infection  5.1  per  eeni: 
eosinophils  in  tbe  blood. 

The  intermediate  boat  is  unknown.  Possibly  it  is  a  blood-suddif 
dipterous  insects— CArysopi dimitliutu^,  the  '■mangi'ove  fly " — whieh  abooulL 
and  is  very  troublesome  and  voracious,  on  some  of  ibe  West  Africit 
rivers  (cf.  p.  177).  Species  of  AiiffpMfs,  Culrx,  GhsMiui,  and  TabnitMti 
also  Buspected. 

Treatment. — Excision.  It  is  the  custom  among  certain  tiibci  li 
negroes  to  drive  it  from  the  eye  by  placing  a  few  grains  of  salt  is  iT 
conjunctival  sac ;  sometimes  they  remove  it  by  means  of  a  sharp  thMfc 
used  as  a  needle. 

Calabar  Swellings. — This  name  is  applied  to  a  pecidiar  form  of  tranrieu 
and  localised  cedema,  common  in  Calabar,  and  at  one  time  supposed  la  be 
peculiar  to  that  part  of  Africa.  We  now  kiiow,  however,  that  tlu 
swellings  occur  in  many  other  places  in  tropical  West  Africa,  from  ti 
basin  of  the  N^iger  to  that  of  the  Congo.  In  some  limited  (ii&tricte  lb 
are  very  common.  At  one  place  on  the  upper  Congo  hardly  a  EanHwH 
who  had  lived  there  for  over  two  years  had  escaped,  Tbo  swelnn^ 
occur  in  any  region  of  the  body,  very  often  in  the  hands  or  ■ 
Sometimes  they  are  accompanied  by  a  feeling  of  aorenesa  as  if  froD  I 
bruise ;  sometimes  there  is  a  sensation  of  heat  or  itching.  Witli 
obvious  reason,  in  the  course  of  a  few  hours  an  oidematoua  swelling,  tc 
two  to  six  inches  in  diameter,  raised  well  above  the  surroiindiii;;  ioalf. 
smooth  and  i-oimded  in  form,  persists  for  a  day  or  two,  an^l  then  snlKidei 
without  suppuration  or  other  sign  of  definite  inflammation.  The  idl- 
ings occur  at  irregular  intervals  of  weeks  or  months,  and  persia  a 
recurring  during  many  years  and  long  after  the  endemic  urv; 
quitted.  Their  relationship  to  /'.  Itn  can  hardly  be  doubted,  Imi  tto 
mechanism  of  their  production  is  not  apparent.  It  has  been  sugg 
that  they  may  be  bi-ought  about  by  a  F.  loa  discharging  her  embms 
or  excreta  into  the  coimective  tissue. 

xi.  FllaPla  perstans  Manson  ISfll.  —  (Synonyms  of  hxxy 
sanffuinis  Itominis,  var.  minor,  Manson  1891,  FUaria  o^zanli  Manson  I8Sr,' 
truncated  variety.)-  -  The  adult*  are  found,  distributed  in  little  | 
or  more  rarely  alone,  in  the  connective  tissue  or  deeper  fat,  in  tb* 
mesentery,  in  the  pericardial  fat,  around  the  abdominal  aorta,  and  to  tte 
Buprurenal  capsules.  The  female  measures  70  to  80  nim.  in  length  uJ 
0'1*2  in  breadth.  The  male  is  more  rarely  met  with.  It  measurei  U 
by  006  mm.,  the  tail  is  greatly  coiled,  with  a  large  spicule,  and  i 
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pairs  of  pre-aiial  and  one  post-anal  pair  of  papilla?.  A  distinctive  mark  is 
supplied  by  the  bifid  tail. 

The  microfilaria  of  Filaria  persians  is  considerably  thiinier  and  shorter 
than  Minqfilarw  diurna  and  MkrqfiUiria  nodurna.  It  is  further  distin- 
guished from  them  by  not  possessing  a  sheath,  by  its  truncated  tail,  by 
the  absence  of  a  central  granular  aggregation,  by  the  characters  of  its 
oral  armature,  by  its  movements,  and  by  the  absence  of  periodicity. 
Its  average  dimensions  may  be  set  down  at  0*23. mm.  by  0*0045  mm. ; 
but  as  it  has  the  habit  of  extending  and  attenuating,  and  of  shortening 
and  thickening  itself  as  it  travels  about  in  the  blood,  an  approximate  and 
average  measurement  only  can  be  given.  As  aheady  mentioned  it  has 
no  sheath.  The  thickest  part  of  the  body  is  about  one-third  of  the 
distance  behind  the  head  ;  from  this  point  it  giadually  slopes  oft'  to  the 
abruptly  truncated  tail.  There  is  no  conspicuous  central  granular 
aggregation.  The  head  end  is  armed  with  a  minute,  exceedingly 
delicate  filiform  spine  set  on  what  looks  like  a  papilla.  This  spine  and 
]>apil]a  are  constantly  and  rapidly  protruded  and  retracted.  In  addition 
to  effecting  very  active  wriggling  movements,  F,  perstans  travels  about, 
often  very  rapidly,  among  the  corpuscles,  the  attenuation  and  extension 
of  its  bo<ly  facilitating  its  peregrinations.  At  no  time  very  numerous — 
sometimes  only  three  or  four  on  a  f^lide,  rarely  as  many  as  twenty  or 
thirty — the  Microjilana  perdaus  ciin  be  found  as  readily  by  day  as  by 
night  It  may  be  associated  with  the  MkrofiUma  divrva  or  with  the 
Microjilana  lu^turna,  or  with  both. 

Considering  its  remarkable  locomotive  habits,  its  cephalic  armature, 
and  the  absence  of  the  sheath  which  in  other  blood-worms  acts  as  a  muzzle, 
the  microfilaria  of  F,  perstans  may  leave  the  blood-vessels  by  its  own 
efforts,  .ind  have  a  somewhat  difterent  life-history  from  the  sheathed  and 
non-locomotive  filaria?.  What  this  life-history  may  be  is  at  present  a 
matter  of  conjecture. 

The  intermediate  host  is  unknown.  Argas  (OrnUhodoros)  mouhata  has 
been  suggested.  Species  of  AnopheleSy  Stegomt/iay  and  Panoplites  have  been 
tried  without  result. 

80  far  as  known,  F.  perstans  is  confined  to  tropical  Africa  and 
Demerara.  In  some  districts,  (piite  two-thirds  of  the  inhabitants  are 
affected  by  it ;  in  other  districts  it  is  not  so  prevalent,  whilst  in  yet 
others  and  neighbouring  districts  it  appears  to  be  absent. 

xii.  Filaria  banerofti  Cobbold  1877. — (Synonyms:  Trichina  cystica 
Salisbury  1868  (nee  Filaria  ci/dica  Rud.  1819),  Filaria  sanf/iiinvs  hominis 
Lewis  1872,  Filaria  suntminis  hominis  acgt/ptiaca  Sonsino  1875,  Filaria 
wwhrrni  da  Silva  Lima,  Filaria  sanguinis  hominum  Hall  1885,  Filaria 
sanguinis  homhm  nocturna  Manson  1891,  Filaria  ntjcfurna  Manson  1891. 
Larval  form  :  F,  nocturna.) 

The  parental  forms  of  Microjilaria  nocturna  were  discovered  by 
Bancroft  of  Brisbane  in  1876.  They  live  in  the  lymphatics  of  the 
trunk  and  extremities.  They  have  frequently  been  encountered  in 
recent  years,  the  sexes  being  usually  found  in  association.     Sometimes 
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several^six  or  seven — are  fouud  together,  coiled  up  and  twiitad 
about  each  other  (Maitlaud) ;  in  other  instances  they  ap|itiv  ta  bi 
stretched  out  in  the  vessel  containing  them.  Wlien  newly  coqitatj 
they  exhibit  active,  wriggling  movement*,  kiokiug  like  short  longiLt  li 
animated  while  horse-hairs.  The  males  are  particiUarly  active,  and  »J»» 
a  great  disposition  to  coil.  These  mature  liliuite  are  long  <femiilr,  76  ta 
80  by  0'21  to  0-^8  mm. ;  male,  about  40  by  O'l  mm.),  i.-apilUrv.  »hii< 
smooth,  and  uniform  in  thickness  except  n^ar  the  head  and  tail,  when 
they  taper  somewhat.  The  tail  is  incurvated  in  both  sexes,  s]iifill» 
twisted  like  a  vine  tendril  in  the  male,  which  can  readily  be  reco^iMd 
with  the  naked  eye  by  this  feature  as  well  as  by  his  inferior  iltmcuflMa. 
The  tail  in  both  sexes  is  blunt  at  the  tip,  measuring  there  OO-t  nun.  is 
breadth.  In  the  female  (Fig.  200)  the  anus  opens  0'28  ram.  fromtbet^ 
of  the  tail,  and  the  vulva  about  1  '2  mm.  (?)  behind  the  mouth.  In  Irntk 
sexes  the  head  is  club-shaped,  the  motith  being  terminal  and  simple  (Flit 
200).  T)ie  thick-lipped  cloaca  of  the  male  is  placed  alK)ut  0'13  mm.  bia 
the  tip  of  the  tail  (Fig.  200).      It  has  been  stated  that  he  hue  thre«  pain 


Kic:.  ira.—marla  iaiumjli.  Asmile  (nat.  Mu).    Aftv  Cobbold. 

of  pre-anal  papitlHi ;  at  least  three  pairs  of  post-anal  papilla)  httve 
made  out.'  He  has  also  two  unequal  spicules  («,  h)  (in  length  lf# 
and  0-2  mm.  respectively)  having  rather  brood,  brownish  -  colOTwi 
chitinous  bases  (length,  0'17  and  0'13  mm.),  from  which  spring 
delicate,  wavy,  filamentous  rods.  The  uterus  \s  double  (Fig.  200), 
The  alimentary  canal  is  simple  and  straight.  It  is  lielieved  from  tb* 
analogy  of  the  corresponding  blood-worm  of  the  Chinese  crow — C^uru 
lorquiUtts — that  in  the  higher  part  of  the  uterine  tubes  the  differentUio^ 
embryos  lie  coiled  up  in  the  ova  in  the  usual  way,  the  o\Tim  inc«5Un)9, 
at  this  stage  005  mm.  by  0034  mm. ;  that  lower  down  the  em}rj<* 
have,  by  their  incessant  movements,  so  separated  the  poles  of  the  i: 
that  the  oviun  becomes  a  long  oval ;  and  that  still  lower  down,  and 
the  vulva,  the  vitelline  membrane  has  become  so  elongated  by  a 
tinuation  of  this  stretching  process  that  it  now  constitutes  the  si 
of  the  free-swimming  htematoKoan  filaria. 

Tiie  young  microfilaria  are  bom  into  the  lymph  which  bathes  thii  [arrat 
worm  ;  in  this  they  are  carried  along  the  lymphatics,  tmverse  tie  ^aait 
(should  any  of  these  intervene),  and,  entering  the  thoracic  duct,  thus  ntA 
the  blood.  It  ia  conjectured  that  if  their  arrival  occur  during  ihe  tiijihl 
they  circulate  with  their  brethren  ;  but  if  they  should  happen  to  enter  tit 
circulation  during  the  day,  after  one  or  more  rounds  of  the  vessels,  thfy 
are  arrested,  in  certain  organs  to  be  alluded  to  presently. 

Mierofilaria  norhinm  (Fig.  201)  was  first  discovered  by  Deman|aar,  i» 
1863,  in  the  fluid  from  a  chylous  dropsy  of  the  tunica  vagioalia  ;  Imirf, 
'  Hese  numbcra  ue  gtrtm  by  Brann.     Fenel  rays  the  mutter  Is  M  yut  UDdreiibiL 
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in  1864,  it  was  found  in  chylous  urine  by  W'ucherer,  ^id,  as  alradj 
mentioned,  in  the  blood  by  Lewis  in  1872.  Since  that  time  il  ba£  b«B 
found  in  the  blood  and  in  morbid  discharges  in  many  countries.  (lua 
England  on  one  side  of  the  equator  to  Auatralia  on  tb-s  other.  [t<  gcv- 
graphical  range  is  therefore  an  extensive  one.  Practically,  however,  it 
may  be  said  to  be  a  prominent  j»ithological  factor  in  tropical  and  sub- 
tropical countries  only,  and  in  these  more  espucially  in  particular  disthrk 
In  some  places  {for  example,  Amoy,  Biihiii)  it  is  to  be  found  in  ijuiu 
10  per  cent  of  the  population  ;  in  other  placea  (for  example,  Cochin)  in 
as  many  as  30  per  cent,  or  even  50  per  cent  (Samoa).  Speaking  genenllr, 
its  rarity  or  its  frequency  seems  to  depend  on  the  presence  of  pnrtioiUr. 


species  of  mosquitoes,  and  on   the  habits  of  the  natives  with  regud  to 
their  clothing,  domestic  condition,  and  occupations.     It  is  probaUe  tlH 
the  degree  of  prevalence  of  elephantiasis  is  an  indication  of  the  ixgn* 
of  prevalence  of  Microfilaria  noclartia  among  the  natives  of  a  coiiatry. 
I'he  general  features  of  the  ombryo-hfematozoan  stage  of  this  n 
l^lnria  have  already  been  sufiiciently  described.     Its  special  cbaract«riftia 
are — its  dimensions— a  little  over  or  under  0'3  mm.  by  0008  mm. 
sharp-pointed  tail  having  a  taper  of  about  one-fifth  of  the  entire  len^ 
of  the  animal ;  an  ill-defined  granular  a<rgregation,  usually  viaible  for 
short  distance  around  the  axial  line  of  its  body  about  the  junction  < 
the  middle  and  posterior  third,  which  by  particular  methods  of  suininf 
can  he  shewn  ns  if  a  hollow  viscus ;  a  minute,  luminous  V-shapo]  fpot 
(probably  connected  with  a  rudimentary  excretory  system),  witb  its  apn 
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opening  on  the  surface  of  the  body,  and  placed  a  short  distance  behind 
the  cepbalic  extremity  ;  a  Biniilar  Imt  much  smaller  spot  near  the 
end  of  the  tail  ;  imd  the  cepbulic  armature.  The  latter  coneiata  of 
a  retractile  and  protractile  six-lipped  prcpuoe,  covering  and  uncovering  a 
thick,  hernia pht;rical  proboscis,  which  is  further  provided  with  a  miiiutp, 
filiform,  protnisible,  apical  spine. 

The  microfilaria  is  enclosed  in  a  delicate  sheath  (Figs.  202  and  203), 
which,  being  too  long  for  it,  dangles,  collapsed  from  head  or  tail  or  from 
both,  giving  rise  to  the  appearnncc  of 
a  lash  The  microfilaria  can  be  seen  to 
mo  e  backu  rds  a  1  for  ar  Is  s  le  th  s 
sheath  vh  ch  as  al  eady  expU  ned  maj 
be  ll  e  rema  ns  of  ti  e  v  tell  e  membrane 
of  tra  uter  ne  lif  This  organ  b  b 
Ber  SI  n  porta  t  f u  t  on  the  1  fe 
of  the  i>ara8  tc—  ts  object  f  the  e\ 
pres  o  may  be  used  I>e  g  to  act  as  a 
muzzl  on  (h  cepl  il  c  armat  re  and  to 
{ re  nt  the  \  aras  te  from  us  g  these 
formidable  \tcapons  piematurely;  for  if 
by  means  of  them  it  penetrated  the 
walls  of  the  blood-vessels  of  the  human  ' 
host,  and  thereby  escaped  into  the  peri- 
vascular tissues,  it  would  be  out  of  the 
way  of  its  intermediate  host,  the 
mosfpiito,  and  have  no  chance  of  con- 
tinuing its  development 

yikrufiinria  wcluraii  begins  to  appear 
in  the  peripheral  circulation  a]>out  five, 
six,  or  syven  iti  the  evening,  and  there- 
after gradually  increases  in  numl>ers  up 
to  midnight.  After  midnight  the 
numliers  diminish  in  the  same  graduid  ^"*-  ■'''^'"~|f'^-''''Trt  "'V"'?''  '''*"'''''^ 
way  as  they    had  increased  during  the 

earlier  ])art  of  the  night.  By  seven  or  eight  in  the  morning,  save  for  an 
occasional  straggler  which  may  be  encountered  at  any  hour  of  the  day, 
they  have  all  disappeared.  This  remarkable  phenomenon,  which  has 
been  called  "Jilarial  prriodieili/,"  goes  on  daily  and  for  years.  It  depends 
in  some  way  on  physiological  conditions  bound  up  with  the  sleeping  and 
waking  habits  of  the  host ;  for  if  the  latter  sleep  during  the  day  and 
keep  awake  during  the  night,  the  filarial  periodicity  is  correspondingly 
inverted.  Fever  and  irregular  habits  of  sleep  arc  found  to  interfere 
with  this  peculiar  phenomenon  and  otherwise  to  break  up  the  regidarity 
of  its  manifestations.  It  has  been  ascertained  that  the  microfilariie, 
during  their  diurnal  absence  from  the  peripheral  circulation,  accumulate 
in  the  thoracic  viscera,  particularly  the  lungs  anil  larger  blood-vessels. 
There  is  no  accumulation  in  the  spleen,  liver    or  kidney ;  a  few  may 
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be  found  in  the  two  latter  organs  and  also  in  the  liruiii,  but  Uie  tm 
miLJority  concentrate  in  the  thorax. 

The  number  of  raicrofilarJEe  discoverable  in  the  blood  at  any  ^rm 
tiroe  n-ill  depend  on  the  degree  of  infection  of  the  individual,  and  iln 
on  the  hinir  iit  which  the  examination  ifi  made.  Under  normal  uonditioni 
the  niiinberB  in  the  circulation,  as  obserycd  from  day  to  day  in  tlui  nim 
individual,  are  found  to  be  fairly  uniform  ;  but,  as  the  parent  wormE  nut 
(lie  as  the  result  of  accident  or  disease,  and  as  the  stock  of  parent  worn* 
may  from  time  to  time  be  increased,  in  the  course  of  years  the  numben 
of  embryos  free  in  the  blood  may  fluctuate — increasing,  or  decrcuitift. 
or  disappearing  altogether.  In  blood  di-awn  late  in  the  evening — ten  lO' 
twelve  o'clock — it  is  no  unusual  thing  to  find  as  many  as  100  pansita. 
in  a  single  drop,  sometimes  as  many  as  500.  Assuming  the  fiUrae  to  W 
uniformly  distributed  throughout  the  blood  of  the  lx)dy,  this  would  |i« 
an  aggregate  of  some  31  millions  in  every  poiuid  of  blood,  or  40  to  30 
millions  iu  an  average-sized  man.  NotwithslAndiiig  these  enormooi 
numbers,  their  incessant  activity,  and  their  by  no  meEins  insignifioiU 
dimensions,  the  embryo  filariie  do  no  harm  whatever,  and  the  1i«m  ■ 
as  unconscious  of  this  huge  population  in  his  vessels  as  he  is  of  his  blot^ 
corpuscles. 

The  nocturnal  habits  of  the  filaria  are  an  adaptation  to  the  noctnnul 
habits  of  one  or  more  species  of  mosquito,  the  females  of  which  act  at  ib 
intermediate  hosts.  CvXex  faligans,  Ajiophelcs  rossi,  AnopMn  tailiJai, 
Panoplitta  afrkuwts,  Stegmnijia  fiisdala  are  all  said  to  be  ettirient  int» 
mediaries.  These  insects  imbibe  the  larval  parasite  when  ihey  citck  ia 
the  blood  of  an  infected  subject,  and  thereafter  the  parasite  undergott  a 
metamorphosis  in  the  tissues  of  the  insect.  The  larva  leaves  the  stotnadi 
and  comes  to  rest  in  the  gi'eat  thoracic  muscles  of  the  mosquito.  Htn 
they  grow  and  develop,  attaining  a  size  of  1'5  long  by  0'25  mm.  in 
breadth.  They  then  make  their  way  into  the  mouth-|>arts,  come  by  Rrt 
in  the  labium,  and,  like  the  embryo  Filaria  immtis  of  the  dog,  they  malw 
their  way  into  man  when  the  mosquito  bites. 

The  principal  steps  of  this  metamorphosis  consist,  in  the  first  instaiua, 
of  the  escape  of  the  lilaria  from  the  sheath  which,  up  to  the  lime  of  tbe 
arrival  of  the  woi-m  in  the  stomach  of  the  mosquito,  bad  muszled  iti 
cephalic  armature.  This  is  brought  about  by  the  thickening  the  hlnod 
undergoes  as  soon  as  it  is  swallowed  by  the  insect.  The  gastric  juicet  m 
act  on  the  blood -corpuscles  that  theii*  hiemoglobin  escapes  into  thi 
serum,  which  thereby,  assisted  by  al)Borption,  is  remlerod  more  not, 
gummy,  and  clinging.  In  this  state  it  arrests  the  sheath,  as  it  wtre,  aid 
by  fixing  this  enables  the  filaria  to  ram  its  way  out.  This  condition  $ni 
effect  of  blood  dscid  from  escaped  hemoglobin  are  readily  reproduced  ex- 
perimentally by  chilling  (not  freezing)  slides  of  blood  containing  Glarw— 
by  laying  the  slides  on  ice  for  a  few  hours,  and  subsequently  vamirf 
them  to  70°  or  80°  F.  In  blood  so  treated  it  is  aisy  to  ohscn-e  the  lilaria 
ramming  the  sheath  and  butting  their  way  out,  head  first,  just  as  tlitf 
do  under  normal  conditions  in  the  stomach  of  the  mosquito  (Fig.  ?03L 
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When  the  filaria  has  got  rid  of  its  sheath  in  this  way  its  cephalic  armature 
is  unmuzzled,  and  is  at  once  made  use  of  by  the  parasite  to  bore  its  way 
through  the  wall  of  the  insect's  stomach  and  into  the  thoracic  viscera, 
where,  a  few  hours  after  the  mosquito 
has  fed,  the  migrated  filarise  can  be 
found  in  great  abundance.  Here  for 
a  time  the  parasite  falls  into  a  sort  of 
passive  pupal  condition,  acquiring  four 
lips  and  an  alimentary  canal.  Finally 
it  takes  to  growing  with  great  rapidity, 
becomes  furnished  with  a  three-lobed 
arrangement  at  its  caudal  end,  and 
exhibits  great  activity,  swimming  about 
freely  when  placed  in  water.  At  this 
stage  it  travels  forward  into  the  pro- 
thorax,  head,  proboscis,  and  palpi  of 
the  mosquito.  The  exact  process  by 
which  it  enters  the  human  host  is  un- 
known. It  is  believed  to  be  during 
the  act  of  haustellation.  The  meta- 
morphosis takes  place  in  from  six  to 
twenty  days  according  to  temperature. 
The  forms  intermediate  between  this 
stage  (that  in  which,  presumably,  it 
enters  the  human  body)  and  the  mature 
worm,  some  three  or  four  inches  in 
length,  found  lying  in  the  lymphatics, 
have  not  been  traced. 

Filariasis. — Microfilaria  noctuma,  both  in  its  embryonic  and  in  its 
mature  forms,  seems  to  be  perfectly  adapted  to  live  in  harmony  with  its 
human  host.  In  Prof.  Lankester's  phrase,  the  host  is  "  tolerant "  of  the 
parasite.  As  a  matter  of  fact,  in  the  vast  majority  of  instances  it  gives 
rise  to  no  disease  whatever.  '  In  some  cases,  however,  this  harmony  is 
somehow  interrupted,  and  then  grave  disease  may  accrue. 

The  red  blood-coqniscles  are  usually  but  little  altered  in  this  aft'ection, 
but  the  leucocytes  shew  a  disproportionate  increase  in  the  eosinophil  cells. 
This  eosinophilia  has  a  cyclical  course,  following  the  periodicity  of  the 
embryo  worms  in  the  peripheral  blood — in  one  case,  with  a  leucocytosis 
of  23,000  per  c.mm.,  the  percentage  of  the  eosinophils  during  the  course 
of  twenty-four  hours  varied  from  8  to  22,  while  in  a  second  case  with  a 
leucocyte  count  of  10,000,  the  daily  variation  was  from  3  to  15  per 
cent. 

The  endemic  forms  of  a  group  of  diseases — including  chyluria,  varicose 
groin-glands,  lymph-scrotum,  chylocole,  certain  varieties  of  lymphorrhagia, 
orchitis,  endemic  lymphangitis,  and  varieties  of  cellulitis — all  depending  on 
a  varicose  condition  of  the  lymphatics,  are  certainly  attributable  to  F.  iwr- 
tuma.     Endemic  elephantiasis  arabum  is  probably  dependent  on  the  same 
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ciiuBe.    For  convenience  the  former  group  will  be  designated  "  eleptumuad 

diseases,"  the  l&tler  "  elephantiasis." 

ELKPnANTOm    DiSRASKS 

Chylurla. — Although  at  long  intervals  cases  of  chyluria  origiiutiiig  in 
t«niperale  climittes,  and  in  individuals  who  have  never  visitM  "vn 
countries,  liave  been  reported,  the  vast  majority  of  cases  of  thLi  »ff«'- 
tion  occur  in  persons  who  are  living  in  or  who  httve  livod  in 
tropical  eonutries.  There  is  scarcely  a  tropical  coiintrj'  in  which  soA 
cases  are  not  encountered  from  time  to  time.  Brazil,  Mauritius,  Indii, 
China,  and  the  West  Indies  might  be  specified  as  supplying  many  -J 
the  recorded  cases. 

Both  sexes  are  liable  to  the  disease.  In  the  case  of  women  its  fim 
appearance  may  date  from  a  pregnancy  ;  in  the  case  of  men  vi?ry  often 
froTii  some  nniisual  physical  effort.  In  many  instances  the  symptMit 
supervene  without  manifest  exciting  cause. 

Symptoms. — The  characteristic  symptom  of  chyluria- — ^tho  milky  cdp- 
dition  of  the  urine — appears  suddenly.  On  passing  water  the  pAlaai 
notices  the  peculiar  alteration  in  its  character ;  or,  it  mjiy  be,  he  is  B«iwl 
with  retention,  and  when  relief  is  obtained  hy  the  cathet«r.  or  spontM^ 
onsly,  after  some  hours  of  sufTering,  it  is  observed  that  the  urine  is  opaque, 
milky  white,  pinkish,  or  red  like  blood.  It  is  also  reniarkcid  that  it  ran- 
taiiis  coagula,  the  intravesical  formation  of  which  had  caused  the  retentton- 
This  condition  of  urine  may  persist  for  a  day  or  two,  for  weeks,  for  monlK 
or  even  for  years.  In  most  cases  after  a  time  the  excretion  bo«m» 
normal.  But  ever  afterwards,  at  uncertain  intervals  of  weoks,  nionUu,*^ 
years,  the  chylous  condition  is  liable  to  recur,  and  to  persist  for  lo 
uncertain  time. 

ITsually  a  relapse  is  preceded  by  a  dragging,  aching  sensation  in  th«  low 
groins,  thighs,  testes,  and  about  the  pelvis  generally.  These  imcomfortoMt 
sensations  may  disappear  with  the  apjiearance  of  the  chyluria  ;  but  if  th< 
abnormal  discharge  persist  for  a  very  long  time  this  loin  ache  ia  apt  tw 
reappear,  and  to  have  superadded  to  it  feelings  of  weakness,  prostratini, 
and  all  the  usual  symptoms  of  antemia,  including,  very  often,  oxueiM 
mental  depression.  In  a  certain  proportion  of  cases  of  chyluria  the  gUndt 
of  the  groin  are  found  to  he  prominent  and  varicose ;  tliu  lyntphalics  al 
the  scrotum  may  he  similarly  dilated. 

The    colour   of    the    urine    and    the    amount    of    cloi    it 
vary  in  different  cases,  and  even  in  the  same   case  at  different  ' 
of   the  day,  and  from  day  to  day.     In   some  instances  the  urine 
be   milky   white  ;    usually  it  has  a  pinkish  tinge ;    in  yot    other 
it  may  be  red  like  blood.      The  latter  comlition  is  sometime*  nOcil 
"  htemato-chyliu-ia."     Generally  the  urine  passed  on  rising  in  the  mwirii 
is  to  all  appearance  normal,  and  it  is  only  as  the  day  wears  on  that 
becomes  chylous.      In  other  cases  the  morning  urine  is  chylous,  wh«n 
the  urine  passed  at  some  other  time  of  the  day  may  he  quite,  or  ahna 
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clear.  In  some  cases  clots  are  formed  in  the  bladder,  giving  rise  to  pain 
and  difficulty  in  passing  water ;  in  other  cases  the  coagulum  is  not  formed 
till  the  urine  has  left  the  body  ;  and  in  another  class  of  cases  no  coagulum 
forms  at  all,  or  only  occasionally. 

Usufilly,  if  chylous  urine  be  passed  into  a  urine-glass,  the  entire  mass  of 
fluid  coagulates  rapidly.  In  a  very  short  time  the  clot  thus  formed  contracts, 
becoming,  as  it  contracts,  pinker  or  redder  in  colour,  firmer  and  more 
fibrous  in  consistence ;  the  fluid  in  which  it  floats  looking  whiter  and 
clearer  in  contrast.  In  the  coarse  of  a  few  hours,  or  of  a  day,  the 
caigulum  contracts  to  comparatively  small  dimensions.  The  fluid  portion 
of  the  urine  has  now  sejiarated  into  three  layers---  an  upper,  fonming  a  thin, 
greasy,  creara-liko  layer  or  pellicle ;  a  lower,  formed  of  scanty,  dark-red 
sediment;  and  an  intermediate  layer,  constituting  the  bulk  of  the  fluid  in 
which  the  coagulum  is  suspended.  Under  the  microscope  oil  globules 
and  much  granular  fatty  matter  are  to  be  found  in  the  upper  layer ;  in 
the  middle  layer  much  molecular  fatty  matter  and  some  lymph-  and  blood- 
corpuscles  ;  and  in  the  lower  layer  a  larger  proportion  of  lymph-  and  blood- 
corpuscles,  besides  small  clots,  urinary  salts,  and  epithelium,  and,  in  the 
majority  of  instances,  dead  or  slowly  moving  embryo  filariae.  If  a  portion 
of  the  clot  be  teased  up  it  is  found  to  contain,  enclosed  in  the  meshes  of 
the  fibrin,  lymph-corpuscles,  red  corpuscles,  and,  in  most  cases,  a  consider- 
able numl)er  of  filariae. 

To  find  the  filarisd  in  the  urine  it  is  necessary  to  employ  a  low  magni- 
fying }K)wer,  50  to  80  diameters ;  and  to  search  in  the  sediment  or  in  the 
clot.  To  search  in  newly  passed  urine,  or  in  the  upper  and  middle  layers 
above  referred  to,  is  almost  a  hopeless  task. 

On  shaking  the  urine  up  with  ether  it  becomes  clear ;  on  boiling  it 
large  quantities  of  albumin  are  thrown  down. 

Judging  from  a  limited  number  of  observations  the  filaria  does  not 
exhibit  in  the  urine  that  diurnal  periodicity  which  characterises  it  in  the 
blood ;  it  may  be  found  in  chylous  urine  at  any  hour,  irrespective  of  the 
time  at  which  the  urine  was  voided.  So  far  as  known,  if  the  filaria  be 
found  in  the  urine  it  will  also  be  found  in  the  blood,  that  is,  if  searched  for 
at  the  proj)er  time. 

Chyluria,  although  often  an  extremely  debilitating  disease,  is  seldom 
directly  fatal.  Connected,  as  it  usiuilly  is,  with  the  j)resence  of  mature 
jjarasites  in  the  thoracic  duct,  it  is  liable  at  any  moment  to  be  complicated 
by  serious  conditions  arising  out  of  the  death  of  one  or  more  of  these 
parasites.  Generally  no  bad  consequences  result  from  the  death  of  the 
parent  filarial,  but  there  is  eWdence  that  at  times  such  an  event  may  be 
the  starting-point  of  a  septic  abscess  which,  being  located  in  a  surgically 
inaccessible  position,  may  prove  fatal. 

Dkufnom. — The  presence  of  clots  at  once  distinguishes  chyiuria  from 
such  purulent  conditions  of  urine  as  are  associated  with  pyelitis,  abscess 
rupturing  into  the  urinary  tract,  and  cystitis  ;  and  from  phosphaturia,  etc. 
Diagnosis  is  further  aided  by  the  discovery  of  filariiu  in  the  urine  and 
blood,  by  varicose  conditions  of  the  groin  lymphatics,  and  other  symptoms 
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of  filariasis.  The  only  condition  about  which  doubt  might  be  entertaiBe<i 
is  a  combination  of  chyluria  with  endemic  hsematuria.  The  concurrence 
in  the  urine  of  filariae  and  bilharzia  ova  will  at  once  clear  up  the  diflBculiy, 
It  sometimes  happens,  however,  that  the  filaria  has  disappeared ;  in  such  a 
case  diagnosis  may  be  difficult  if  not  impossible. 

Varieose  ingruinal  grlands  are  a  very  common  effect  of  the  presence  of 
F,  nocturna  in  the  lymphatics.  Both  groins  may  be  involved,  usually  one 
side  more  than  the  other ;  occasionally  one  side  only  is  affected. 

On  inspection  the  upper  part  of  Scarpa's  triangle  is  seen  to  be  occupied 
by  a  rounded,  obscurely  lobulated,  broad-based  swelling,  suggesting  hemi^L 
In  many  instances  the  swelling  has  the  appearance  of  being  made  up  of 
two  main  masses — an  upper,  roughly  corresponding  to  the  direction  of 
Poupart's  ligament ;  and  a  lower,  corresponding  to  the  siiphenous  opening. 
These  swellings,  which  merge  into  each  other,  may  attain  the  size  of  one 
or  two  fists,  or  they  may  be  no  larger  than  a  small  apple  or  a  walnut. 
To  the  touch  they  are  doughy,  obscurely  fluctuating,  with  perhaps  here 
and  there  harder  kernel-like  masses.     In  other  instances  the  swellinjis  are 
firmer,  and  very  obscurely  varicose.       The    superjacent  skin    is   fretly 
movable,  but  the  tumour  cannot  be  slipped  over  the  subjacent  tissues ;  in 
the  recumbent  position  the  swelling  diminishes  considerably ;  firm  pressure 
disperses  it  altogether.     Still  keeping  the  palm  of  the  hand  on  the  affected 
region,  if  the  patient  be  made  to  stand  up,  the  swelling   slowly  retunis. 
contrary  to  what  would  happen  in  hernia ;  and  on  percussing  it  the  nou?  is 
found  to  be  dull,  not  tympanitic  as  in  hernia.     In  coughing  there  may  k 
a  slight  impulse,  but  this  is  not  nearly  so  marked  as  in  hernia.      When 
taxis  is  made  in  the  recumbent  posture,  though  the  swelling  disappears,  ir 
does  so  very  slowly ;    there  is  no  sudden   slipping  up  of    the  mass  or 
attendant  gurgling,  as  in  hernia.     It  will  be  seen  that  the  characters  of 
the  tumour  approximate  more  to  those  of  an  epiplocele  than  of  an  ordinary 
hernia. 

If  a  hypodermic  needle  be  thrust  into  the  tumour  a  syringeful  of 
opaque  milky,  or  pinkish,  or  sanguinolent,  or  straw-coloured  fluid  can  he 
readily  withdrawn  ;  and  if  the  barrel  of  the  syringe  be  laid  ;iside,  thf 
needle  remaining  in  place,  the  fluid  will  continue  to  drop  from  it  for  houni, 
and  until  many  ounces  have  escaped.  On  withdrawing  the  needle  some 
swelling  may  arise  around  the  tumour,  apparently  from  infiltration  of  the 
fluid  into  the  cellular  tissue ;  this,  however,  is  quickly  absorl>ed,  and  the 
swelling  in  a  few  hours  reverts  to  ita  usual  size. 

The  aspirated  fluid  coagulates  rapidly.  Under  the  microsc<.>j)e  it  is 
found  to  contain  much  molecular  fatty  matter,  lymphocytes,  and  re<i 
blood-corpuscles,  and  generally,  though  not  invariably,  very  active  micn>- 
filaria3. 

These  tumouis  are  said  by  Mazat^  Az^ma  to  appear,  as  a  rule, 
between  the  thirteenth  and  twentieth  years,  and  to  be  apt  to  disjippear 
between  forty  and  fifty.  From  time  to  time  thev  may  Im  the  seat  (»f 
I^eriadenitis  and  are  then  very  painful.  As  a  rule,  however,  beyond  a 
sense  of  distension  and  dragging,  generally  much  increased  by  exerci.?e 
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and  the  erect  posture,  and  then  often  exceedingly  distressing,  they  are 
not  attended  with  actual  pain. 

It  is  rare  to  meet  with  a  similar  affection  of  the  axillary  glands, 
although  a  few  such  cases  have  been  recorded. 

Lymph-scrotum,  like  chyluria  and  varicose  inguinal  glands,  is  almost 
a  sure  indication  of  the  presence,  actual  or  past,  of  F,  iiodurna  in  the 
lymphatics. 

On  inspecting  and  palpating  such  a  scrotum  it  is  found  to  be  slightly 
or  very  considerably  enlarged  and  perhaps  thickened.  Here  and  there, 
varying  in  size  and  number,  scattered  over  the  surface,  sometimes 
arranged  in  lines  or  groups,  herpes-like  but  non-inflammatory  vesicles, 
or  longer  varicosities  elevating  and  roughening  the  skin,  are  perceived. 
Some  of  the  vesicles  may  be  no  larger  than  a  pin*s  head ;  others  may 
be  as  large  as  peas  or  small  beans.  In  some  cases  their  contents,  seen 
through  the  thin  skin,  are  milky  white,  in  others  pinkish  or  dark  red, 
in  yet  others  clear  and  straw-coloured. 

On  pricking  one  of  these  varicosities  a  lai-ger  or  smaller  quantity  of  fluid 
escapes.  Sometimes  only  a  drachm  or  two  can  be  procured  ;  usually  it 
is  an  easy  matter  to  collect  many  ounces,  for  the  prick  may  continue  to 
drip  for  hours,  the  lymphous  fluid  soiling  the  patient's  clothes  and 
making  him  very  imcomfortable.  On  collecting  a  few  ounces  it  is  seen 
to  be  straw-coloured,  milky,  pinkish,  or  dark  red  It  coagulates  rapidly, 
and  under  the  microscope  is  found  to  contain  much  molecular  fatty 
matter,  lymph-  and  red  blood-corpuscles  and,  very  generally,  living  micro- 
filariae. Microfilariae  are  generally  though  not  invariably  present  in  the 
circulation  in  these  cases. 

This  condition  of  scrotum  may  continue  for  many  yeai*s,  in  some 
instances  gradually  assuming  the  characters  of  ordinary  elephantiasis. 
Attacks  of  fever  and  inflammation  recur  at  uncertain  intervals ;  not 
infrequently  these  attacks  lead  to  the  formation  of  large  abscesses  ; 
usually  they  terminate  with  a  profuse  discharge  of  the  lymphous  fluid 
from  the  surface  of  the  tense,  swollen  scrotum.  A  varicose  condition 
of  the  lymphatics  of  the  spermatic  cord  and  orchitis  are  common 
complications. 

Apart  from  the  suffering  attending  these  attacks  of  inflammation,  the 
inconvenience  of  the  swelling,  and  the  debilitating  eff*ect8  of  the  recurring 
attacks  of  lymphorrhagia,  lymph-scrotum  is  not  a  very  serious  complaint. 
It  frequently  co-exists  with  varicose  inguinal  glands  and  chyluria.  In  a  few 
instances  the  surgical  removal  of  the  scrotum  has  been  followed  by  chyluria, 
and  occasionally  by  elephantiasis  of  a  leg. 

Chy locale. — The  tunica  vaginalis  sometimes  contains  a  milky  or 
reddish  fluid  exactly  similar  to  that  of  varicose  inguinal  glands  and  of 
lymph  -  scrotum.  Filaria  embryos  are  generally  to  be  found  in  it 
abundantly,  as  well  as  in  the  blood.  The  contents  of  the  tunica 
vaginalis  in  such  cases  may  amount  to  eight  or  ten  ounces,  or  to 
a  few  drachms  only.  Very  frequently  in  chylocele  the  inguinal  glands 
are  varicose  ;  the  co-existence  of  this  latter  condition  with  an  opaque, 
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fluctuating  swelling  of  a  testis  justifies,  as  a  rule,  a  diagnosis  of  chylocele; 
more  especially  if  filariae  are  found  in  the  blood. 

The  chylous  dropsies  of  the  peritoneum,  chylous  dropsies  of  the 
pleura,  chylous  diarrhoeas,  and  various  forms  of  cutaneous  lymphorrhagii 
and  circumscribed  inflammation  or  thickening  of  the  lymphatics  which 
from  time  to  time  have  been  reported,  were  doubtless  in  many  instances 
of  filarial  origin,  and  pathologically  allied  to  the  commoner  and  better- 
known  varieties  of  filariasis  just  described. 

Pathology  of  Elephantoid  Disease. — Seeing  that  these  various  afiections 
often  accompany  or  follow  each  other,  that  the  characteristic  chylous  fluid 
is  %  feature  they  all  have  in  common,  that  they  occur  endemic^ly  in  tbe 
same  districts,  and  that  each  is  generally  associated  with  the  presence  of  the 
Microfilaria  nociunui  in  the  blood  and  in  the  characteristic  fluid,  the 
inference  that  they  depend  on  the  same  cause,  and  this  the  filana.  ii 
warranted. 

Autopsy  has  shewn  that  in  varicose  groin-glands  the  tumour  consi^ 
of  a  mass  of  dilated  lymphatics  which  are  but  part  of  an  enormous  varii 
extending  into  the  pelvis  and  involving  the  thoracic  duct.  Two  valu- 
able autopsies  of  cases  of  chyluria  associated  with  the  filaria — one  by 
Sir  Stephen  Mackenzie,  the  other  by  Curnow — revealed  in  both  instances 
an  impervious  condition  of  the  upper  part  of  the  thoracic  duct,  and 
enormous  dilatation  of  that  vessel  below  the  seat  of  o])struction,  tosether 
with  a  varicose  condition  of  the  abdominal,  renal,  and  pelvic  lymphaties. 
These  facts,  together  with  the  circumstance  that  the  milky  fluid  in  the 
urine  in  chyluria,  in  varicose  groin-glands,  in  lymph-scrotum,  and  is 
chylocele  possesses  all  the  characters  of  chyle  plus  the  presence  of  tilarii 
embryos  in  the  fluid  as  in  the  blood,  suggest  the  following  hypothesis 
of  the  production  of  these  diseases : — 

In  some  way  as  yet  unexplained,  either  by  mechanical  plugging 
by  a  bunch  of  intertwined  parent  filariae,  or  in  consequence  of  in- 
flammatory conditions  leading  to  stenosis  brought  about  by  the  presence 
of  such  filariic  in  the  vessi'l,  or  in  some  other  way  connected  with  tbe 
parent  filariae,  the  thoracic  duct  becomes  occluded.  As  a  result  of 
this  occlusion  there  is  stasis  of  chyle  and  lymph  in  the  thoracic  duct 
and  in  all  its  tributaries  below  the  point  of  obstruction.  Con- 
currently with  the  stasis  there  is  a  rise  of  pressure  in  the  lymphatics 
of  the  implicated  area.  As  a  consequence  of  this  rise  of  pressure, 
a  movement  of  lymph  sets  in  the  direction  of  least  pressure,  that  is. 
towards  the  anastomosis  of  the  lymphatic  system  of  the  thoracic  duct 
with  the  lymphatic  system  draining  the  upper  part  of  the  Iwdy. 
The  relief  thus  obtained  will  gradually  extend  nearer  and  nearer  Uy  the 
thoracic  duct  itself,  and  finally  the  contents  of  this  vessel  wiU  ]iartake  in 
it.  But  for  the  contents  of  the  thoracic  duct — which  include  the  cbvit 
from  the  intestine — to  reach  this  anastomosis  they  must  take  a  recurrent 
course,  through  the  pelvic  lymphatics,  through  the  inguinal  and  upper 
femoral  lymphatics,  through  the  scrotal  lymphatics,  and  so  over  tbe 
abdomen  and  dorsal  region  to  the  upper  part  of  the  body.    To  accommodate 
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this  augmented  stream  these  lymphatics  must  dilate ;  this,  together  with 
the  rise  in  pressure  which  must  accrue  before  the  anastomosis  is  completed, 
may  end  in  producing  a  varix  which,  should  it  involve  the  renal  or  vesical 
system  of  lymphatics,  may  by  rupture  give  rise  to  chyluria ;  if  it  include 
the  inguino-femoral  glands — varicose  groin  lymphatics ;  if  the  scrotum — 
lymph-scrotum  ;  if  the  tunica  vaginalis — chylocele. 

K  this  hypothesis  be  not  correct,  how  can  the  presence  of  chyle  in  the 
urine,  in  the  groin,  in  the  scrotum,  and  in  the  tunica  vaginalis  be  explained? 
Chyle  must  come  from  the  lacteals,  and  the  only  route  by  which  it  can 
reach  these  parts  is  the  one  described.  When  we  tap  a  lymphatic  varix 
of  the  scrotum  or  of  the  groin,  we  tap  the  anastomotic  plexus  by  winch 
the  chyle,  denied  a  route  up  the  thoracic  duct,  is  finding  its  way  to  the 
circulation. 

Objection  h.-is  been  raised  to  this  supposition  on  the  ground  that  the 
abnormal  substance  in  the  urine  in  chyluria  is  sometimes  sanguineous, 
and  therefore  that  it  must  have  come,  in  part  at  least,  from  the  blood- 
vessels;  and  impossibilities,  such  as  perforation  of  the  blood-vessels, 
have  accordingly  been  attributed  to  the  embryo  filariae.  But  in  a  certain 
proportion  of  cases  these  embryos  are  wholly  absent  from  the  urine  and 
also  from  the  blood ;  and  yet  the  so-called  hsemato-chyluria  persists  for 
years.  If,  then,  in  some  cases  the  sanguineous  character  of  the  urine 
arises  indep>endcntly  of  embryo  filariae,  why  not  in  all  ?  It  is  a  well- 
known  fact  that  in  the  upper  part  of  the  thoracic  duct  the  lymph  is 
pinkish,  sometimes  even  red ;  and  includes  some  red  blood-corpuscles. 
This  is  specially  noticeable  in  dogs  which  have  survived  ligature  of  the 
thoracic  duct  for  some  time.  Manifestly  the  contents  of  this  vessel,  even 
if  delayed  in  the  vessel,  continue  their  normal  evolution  towards  the 
formation  of  blood.  Thus,  without  assuming  rupture  or  perforation  of 
blood-vessels,  the  pinkish  or  red  tinge  and  the  red  corpuscles  in  some 
cases  of  chyluria  can  be  satisfactorily  explained.  These  diseases  are 
entirely  diseases  of  the  lymphatic  system ;  the  blood-vessels  are  not 
engaged  in  them. 

After  obstruction  of  the  thoracic  duct  has  been  set  up  by  the 
parent  filariie  it  is  of  no  consequence,  so  far  as  the  production  of  an 
inverted  flow  of  chyle  and  lymph  is  concerned,  whether  the  filariae  live 
or  die.  A  stricture  of  this  description  once  produced  is  permanent, 
and  continues  after  the  cause  which  had  given  rise  to  it  has  long  passed 
away.  Hence  the  occasional  absence  in  chyluria,  and  in  the  other  forms 
of  lymphatic  varix  described,  of  the  embryo  filaria?.  In  such  cases  the 
parent  filariie,  after  having  damaged  the  thoracic  duct,  have  died. 

Elephantiasis  Arabum 

Although  elephantoid  thickening  of  the  integuments  of  the  feet 
and  legs  and  of  other  paits  occasionally  originates  in  cold  climates, 
such  an  occurrence  must  be  considered  as  extremely  rare.  In  the 
tropics  and  subtropics  it  is  otherwise.     There  elephantiasis  is  common 

VOL.  TI. — PT.  II  3  p 


946  SYSTEM  OF  MEDICINE 


enough — in  some  places  so  common  that  a  large  proportion  of  ihf 
inhabitants  are  affected.  For  example  :  in  parts  of  Travancore  ibor,; 
every  twentieth  individual  has  elephantiasis;  in  some  of  the  South 
Pacific  Islands  (Samoa,  Huanine)  nearly  half  the  inhabitants  are  aflfectai. 
These  are  extreme  cases;  but  almost  everywhere  in  the  tropics  ibi^i 
disease  is  more  or  less  common.  It  becomes  rarer  as  we  proceed  nonh 
and  south  ;  beyond  the  35th  degrees  of  N.  and  S.  latitudes  it  is  practically 
unknowiL 

Klephantiasis  affects  various  regions  of  the  body.  As  a  nile  tia- 
legs  or  scrotum,  or  both,  are  the  only  parts  attacked  ;  at  times,  however, 
the  disease  shews  itself  in  the  arms,  in  the  mammae,  in  the  fenult 
genitals,  and  in  the  scalp. 

According  to  statistics  prepared  from  2081  cases  occurring  in  Iiiuia 
and  Unizil,  the  following  parts,  alone  or  in  conjunction  vnxXi  other  region- 
of  the  Ixxly,  were  affected  in  the  percentages  stated  : — Lower  extremitiei 
1>G*S4  per  cent;  upper  extremities,  5*86  per  cent;  scrotum,  2*3  per 
cent.  The  mamma^  were  involved  once  in  every. 690  eases;  the  \^r 
of  the  ear  once  only  in  the  entire  series.  No  mention  is  made  in  the?* 
statistics  of  the  disease  attacking  the  female  genitals.  It  would  appear 
that  in  districts  in  which  the  endemic  influence  is  very  powerful  the  pn^ 
portion  of  arm,  scrotum,  and  mammai  cases  to  leg  cases  is  greater  than  in 
districts  in  which  the  endemic  influence  is  milder ;  thus  in  the  Siwih 
Pacific  Islands  arm  and  breast  cases  are  not  infi-ecjuent. 

Elephantiasis  begins  ^nth  an  attack  of  lymphangitis  and  ery-^ip 
elatoid  inflammation  of  the  integuments.  Constitutional  symptoms  are 
severe,  setting  in  with  a  sharp  and  prolonged  rigor,  followed  by  hi;jh 
fever,  which,  in  the  course  of  a  day  or  two,  generally  ends  in  profus*? 
diaplioresis,  and  often  in  a  sort  of  lymphous  weeping  from  the  iniplinit<'i 
skin.  The  inflammatory  effusion  is  only  partially  absorbed  ;  some  thirk 
ening  remains.  These  attacks  occur  at  irregular  intervals  of  weeks  or 
months,  eiich  attack  leaving  the  limb  or  scrotum  somewhat  larger  than 
l)efore,  until,  in  the  course  of  years,  the  skin  and  cellular  tissue  has 
become  enonnously  and  permanently  hypertrophied,  and  an  unwieldy 
mass,  justifying  its  name — elephant  leg, — is  formed. 

In  the  long -established  disease  the  surface  of  the  affected  part  t< 
rough  and  tuberose,  the  papillae  pilose,  warty  or  atrophied.  At  th** 
ankle — if  it  be  the  leg  that  is  affected — the  skin  is  thrown  inti» 
folds  like  rhinoceros  hide,  deep  sulci  between  the  folds  permitting  a 
small  range  of  movement  at  the  joint  The  nails  are  rough  an«i 
thick ;  the  hairs,  in  parts,  long  and  coarse ;  sensation  is  somewhat 
inii)aired  ;  sweating  is  defective,  and  the  parts  are  often  darker  than  normal 
(usually  in  the  Ciise  of  the  leg  the  disease  does  not  extend  alK»ve  tht- 
knee,  although  instances  of  implication  of  the  thigh  are  by  no  mean> 
rare  ;  in  the  latter  case  folds  and  sulci  around  the  joints  permit  some 
degree  of  motion.  The  margin  of  the  diseased  patch  may  be  rather 
abruptly  defined,  or  it  may  pass  gradually  into  sound  skin. 

When  the  scrotum  is  affected  the  tumour  assumes,  as  it  enlarging  a 
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pyriform  sha|)e,  the  neck  of  the  swelling  being  towards  the  pubes.  The 
penile  integuments,  as  a  rule,  are  dragged  down  into  the  mass,  so  that  the 
penis  becomes  buried  at  the  upper  part,  the  glans  lying  at  the  bottom  of 
a  long  tuiuiel  which  opens  half-way  down,  or  even  lower,  on  the  anterior 
surface  of  the  tumour.  Sometimes  the  integuments  of  the  penis  are 
specially  atfected,  and  then  they  form  a  long  projection  like  a  I'am's  horn, 
springing,  as  it  were,  from  the  face  of  the  mass.  In  all  cases  the  testes 
are  di-agged  down  in  consequence  of  the  fibrous  attachment  they  have  to 
the  bottom  of  the  scrotum  through  the  remains  of  the  gubernaculum 
testis ;  consequently  the  cords  are  very  much  elongated.  Frequently  the 
testes  carry  large  hydroceles ;  very  often  they  are  deformed  or  atrophied 
by  pressure. 

In  the  case  of  the  legs  a  girth  at  the  calf  of  from  20  to  24  inches, 
and  in  the  case  of  the  scrotum  a  weight  of  from  one  to  two  poiuids  up 
to  50,  or  100  or  even  200  pounds,  may  be  attained.  An  average 
measurement  for  a  leg  in  a  state  of  elephantiasis  would  l>e  21  to  22 
inches;  an  average  weight  for  a  scrotal  tumour  10  to  30  pounds. 
The  skin  of  the  mammae,  when  this  organ  is  attacked,  may  enlarge  till 
the  nipple  hangs  as  low  as  the  umbilicus  or  pubes ;  cases  are  on  record 
in  which  the  mamma  reached  the  knee  and  weighed  many  iM)unds. 
Labia  weighing  seven  or  eight  pounds  have  frecjuently  been  removed. 

Circumscribed  patches  of  elephantised  integument  are  not  uncommon. 
Corney  and  Daniels  destribed  such  patches  as  frequent  among  the  Fijians, 
in  whom,  when  the  skin  over  Scarpa's  triangle  is  atfected,  they  form 
iua.ssive  pear-shaped  tumours  many  pounds  in  weight. 

On  cutting  into  the  affected  tissues  in  elephantiasis  the  dermis  and 
external  layers  of  the  subcutaneous  areolar  tissues  are  found  dense, 
white,  fibrous,  and  enormously  thickened — perhaps  attaining  a  thickness 
of  from  one  to  two  inches — particularly  in  the  scrotiun.  The  deeper  part 
of  the  superficial  fascia  is  converted  into  a  loose,  yellowish,  blubbery- 
looking  dropsical  tissue  containing  here  and  there  fibrous  bands  and  many 
large  veins  and  lymphatics.  The  sheaths  of  the  large  vessels  and  nerves, 
and  the  muscular  aponeuroses  are  thickened ;  the  underlying  bones  may 
also  be  hypertrophied  and  rough.  The  lymphatic  trunks  are  dilated, 
and  their  radicles  varicose  and  thinned. 

In  all  cases  the  lymphatic  glands  are  enlarged,  dense,  and  fibrous ; 
and  not  the  glands  of  the  affected  side  only,  but  often  those  of  the 
opposite  limb  also. 

Ulcers  sometimes  form  on  the  affected  limbs,  and  in  the  larger 
scrotal  tumours  large  abscesses  and  even  gangrenous  patches  are  not 
uncommon. 

Apart  from  the  risks  attending  secondary  septic  conditions  aiising 
from  such  mishaps,  elephantiasis,  though  painful  when  inflamed,  and 
cumbersome  at  all  times,  is  not  a  disease  involving  much  danger  to  life. 

Pathology  of  Elephuntiusis. — The  pathology  of  elephantiasis  is  still 
obscure.  Although  there  is  sufficient  evidence  to  connect  it  with 
Microfilaria  nodurna,  the  exact  way  in  which  the  parasite  brings  about 
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the  lymph  stasis,  which  pikthologists  agree  to  be  the  main  factor  in  iIh 
diaeaae,  ia  still  a  matter  of  speculation. 

The  following  are  the  principal  grounds  for  incriminating  the  fiWu: 
(a)  The  geographical  ranges  and  the  degrees  of  prevalence  of  elephanli 
and,  eo  far  aa  we  know.  Microfilaria  iwdariia  correspond,  (it)  Elephautl 
IB  a  disea^  essentially  of  the  lymphatic  system ;  the  filaria,  in  iw  mai 
form,  ia  essentially  a  parasite  of  the  same  system,  (r)  Elephantuai 
frequently  accompanies  or  supervenes  on  the  elephantoid  di6ea«e&.  {^i 
The  elephantoid  diseases — ^themselies  diseases  of  the  Ij-mphatic  ^yatntn— 
are  generally  associated  with  a  peculiar  type  of  fever  and  infUmmaliMii 
the  same  type  of  fever  and  inflammation  ia  always  a  feature  la  ik 
development  of  elepbautiasia  {e)  Seeing  that  elephantoid  diveaaea  lum 
been  proved  to  bo  caused  by  the  fiUria,  it  ia  reasonable  tii  couclade  tU 
elephantiasis  is  brought  almut  by  the  same  parasite. 

There  are  certain  cases  of  lymph-scrotum  and  of  varicose  grfiin-gluidi 
ill  which  the  contents  of  the  lymphatic  varix  are  clear  ami  lymphim^ 
and  not,  as  is  usually  the  case,  chylous.  Manifestly  such  conteiito  ceot 
from  leg  or  scrotum  onlj-,  and  are  not,  in  such  Instances,  a  regurgitalit* 
from  the  intra-abdominal  lymphatic  system.  Sometimes  in  tfa«M 
filaria  embryos  are  found  in  the  lymph  from  the  varlx  although 
cannot  be  found  in  the  blood.  The  inference  from  this  fact  is  that  tlM 
lymph  containing  the  pai'asite  cannot  reach  the  circiUation,  otburwiM  lb 
filaria  would  be  discoverable  in  the  blood.  On  tVo  occasions,  in 
ing  the  lymph  in  such  cases,  large  numbers  of  filaria  ova,  m 
ahs"  by  rii"  ^^^^  encountered.  In  this  drcumatance  the  expUntim 
of  the  pathology,  not  only  of  the  particular  class  of  varix  in  vUd- 
these  ova  occurred  but  also  of  elephantiaitis,  may  [loasibly  be  found. 

The  filaria  is  normally  vi\ipan>us.  It«  young,  when  horn,  are  Inofi 
outstretched  animals  possessing  the  power  of  independent  movement,  *nd 
to  a  certain  extent  of  locomotion.  Though  long  tbey  are  no  bR»d«< 
than  a  red  blood-corpuscle,  and  therefore  can  pass  wherever  rod  VkxA- 
corpuscles  can  pass.  But  tlie  ova  of  the  filaria  are  very  much 
liodies  ;  they  are  passive,  and  therefore  incapable  of  contributing  to  thw 
own  passage  through  the  vessels.  The  presence  of  ovu  in  lymph 
that  the  process  of  parturition  in  the  filaria  from  which  these  [Huticuhff 
ova  proceeded  had  been  morbidly  hurried  ;  in  other  words,  the  conbtBH 
of  the  parasite's  uterus  had  been  discharged  before  the 
development  had  been  completed,  before  the  spherical  ovi 
converted  into  the  elongated  embryo.  The  effect  of  such  nn  oceiirmi* 
on  the  lymphatics  in  which  the  mature  filaria  lies  may  lie  ima^ncd. 

Under  normal  conditions  the  microfilarifc  proceeding  from  a  |«nnl 
worm  traverse  the  lymphatic  glands  without  difficulty  ;  but  should 
injury  to  the  female  filaria — an  event  very  likely  to  occur  in  ao  « 
a  situation  as  the  leg— cause  her  to  abort — to  empty  her  ateni 
prematurely — then,  instead  of  the  long,  slender,  sinnnus.  active  wnibiya. 
the  broad,  passive,  spherical  ova  from  the  uppei-  end  of  the  panial*^ 
Uterus   will   bo   launched   into   the   lymph -Btream.     Those    ova  wtD  I* 
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carried  to  the  nearest  lymphatic  gland,  and,  being  too  large  to  traverse 
the  vessels,  will  plug  the  entire  system  of  afferent  vessels  appertaining 
to  this  gland.  Then  the  anastomosis  will  carry  the  arrested  and 
diverted  ova-l)earing  lymph-stream  to  the  next  gland.  This  gland  will  be 
plugged  in  turn  ;  and  so  on  until  the  entire  lymphatic  system  connected 
directly  or  by  anastomosis  with  the  vessel  in  which  the  aborting  iilaria 
lies  is  completely  cut  off  from  the  circulation.  A  slight  blow,  or  wound, 
or  septic  inoculation  would  readily  set  up  inflammation  in  such  a  congested 
area  and  elephantiasis  will  be  established. 

Objection  has  been  raised  to  this  hypothesis  on  the  ground  that  micro- 
filariae are  rarely  found  in  the  blood  in  elephantiasis.  This  objection  is 
readily  answered  by  the  consideration  that  the  very  circumstances  and 
mechanism  by  which  the  filarise  bring  about  the  disease  prevent  their 
embryos  from  appeariiig  in  the  blood ;  these  cannot  traverse  the  occluded 
glands  any  more  than  the  lymph  can. 

It  is  a  curious  and  significant  circumstance  that  in  a  country  in 
which  both  elephantiasis  and  the  filaria  are  extensively  endemic,  filarisB 
are  found  very  much  more  frequently  in  individuals  who  are  not  affected 
with  elephantiasis  than  in  persons  who  are  so  affected.  Thus,  in  88 
blood-slides  received  from  Cochin,  74  came  from  healthy  individuals — 
in  these  74  slides  filariae  were  found  in  20,  or  in  about  1  in  3*7  ;  14 
came  from  cases  of  elephantiasis,  but  in  only  1  of  these  14  slides  were 
filarise  foiuid.  These  figures  not  only  prove  the  gi*eat  frequency  of  the 
filaria  in  countries  in  which  elephantiasis  is  extensively  endemic,  but  they 
are  a  powerful  support  to  the  opinions  offered  concerning  the  particular 
way  in  which  the  parasite  brings  about  this  disease.  In  such  countries 
filarise  are  less  likely  to  be  found  in  those  persons  who  are  affected  with 
elephantiasis  than  in  those  who  are  not,  seeing  that  in  the  former  the 
lymphatic  system  of  a  considerable  part  of  the  body  is  Ijlocked.  But  in 
countries  in  which  the  filaria  is  still  more  prevalent — in  which  nearly 
every  man  and  woman  carries  the  parasite — even  those  affected  with  a 
moderate  area  of  elephantiasis  may  have  the  microfilariae  circulating 
in  the  blood.  Thus,  of  56  slides  of  night  blood,  from  56  cases  of 
elephantiasis  and  elephantoid  conditions,  which  Dr.  Davies  collected 
in  Samoa,  no  fewer  than  27  contained  the  filaria,  many  of  them  in  great 
profusion. 

Many  other  hypotheses  of  the  causation  of  elephantiasis  have  been 
advanced  from  time  to  time,  but  none  of  them  explain  or,  indeed,  are 
compatible  with  all  the  facts  now  ascertained  about  this  disease. 

Treatment  of  FUivnam, — No  means  have  been  discovered  of  killing 
the  filariaB  in  the  body,  and  as  it  is  impossible,  with  rare  exceptions, 
to  localise  them  with  sufficient  precision,  excision  of  the  parent  worms  is 
usually  out  of  the  question.  The  only  way  to  secure  immunity  from 
filarial  disease  in  the  endemic  region  is  by  a  rational  prophylaxis  founded 
on  our  knowledge  of  the  life-history  of  tlie  pamsite.  The  subjects  of 
filanal  infection  should  be  made  to  sleep  below  mosquito-netting.  In 
filaria  countries   every  one  should  use  mosquito-nets,  and  mosquitoes 
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should  be  suppressed  as  far  as  is  practicable  (of.  p.  285).  Persons  known 
to  harbour  filariae  ought  to  avoid  blows  and  injuries  of  all  kimls,  anil 
every  circumstance  which  might  cause  the  parent  filarise  to  abort,  or 
which  might  cause  rupture  or  set  up  lymphangitis  in  congested  lympbati- 
areas. 

The  pathology  of  the  various  forms  of  filarial  disease  indicates  th«-ir 
special  treatment. 

Chffhuin  is  best  treated  on  mechanical  principles,  effort  l>eing  direcW'i 
to  lessen  the  pressure  on  the  vessels  of  the  leaking  renal  or  vesical 
lymphatic  varix.  The  recumbent  position  with  raised  pelvis  should  U 
maintained  until  the  urine  ])ecomes  clear  and  free  from  clot  and  albumin. 
All  foods  likely  to  increase  the  amount  of  chyle,  such  as  fate  an*.! 
albuminoids,  should  for  a  time  be  avoided,  and  the  amount  of  flui*i 
restricted  as  much  as  possible.  By  following  such  a  dieUiry  the  chykMi? 
appearance  in  the  urine  often  disappears  in  a  day  or  two.  This  doe«  ik4 
mean  cure,  however,  in  every  case ;  for  if  we  inspect  the  urine  carefulh 
we  can  still,  and  for  a  longer  or  shorter  time,  see  floating  in  it  a  lymph«i< 
clot,  and  on  boiling  find  it  loaded  with  albumin.  So  long  as  clot  ami 
albumin  are  ])resent,  the  leak  in  the  lymphatic  varix  is  not  heale^l 
although  the  fatty  matter,  not  being  supplied  to  the  chyle,  may  not  I* 
present.  A  single  tumblerful  of  milk  will  at  once  give  ocular  proof  ut 
the  patency  or  closure  of  the  rupture  in  the  varix.  Not  until  clot  and 
albumin  have  entirely  disappeared,  and  the  milk  test  gives  a  negatiri' 
result,  should  the  patient  be  allowed  to  quit  the  recumbent  position. 

It  is  well  to  give  a  saline  aperient  from  time  to  time.  Many  drug? 
have  been  recommended,  including  benzoic  acid  and  the  benzoiites,  gallit 
acid,  the  salts  of  iron,  glycerin,  mangrove  bark,  chromic  acid,  th\inol. 
salicylate  of  soda,  and  so  on,  but  it  cannot  be  said  that  benefit  has 
certainly  accrued  from  any  of  them.  In  judging  of  the  value  of  a 
remedy  in  this  disease  it  must  always  be  borne  in  mind  that  every  no« 
and  again  chyluria  ceases  spontaneously  \  the  drug  which  was  being  taken 
when  the  chyluria  so  ceased  is  apt  to  be  credited  with  the  cure. 

l^arirosc  ingninal  glands  ought  to  be  left  alone  or  gently  8upjx)rted  l>v 
a  well-adjusted  bandage.  If  they  are  so  painful  and  so  tense  that  thf 
patient  is  thereby  disqualified  from  making  a  living,  the  question  of  their 
excision  might  be  entertained.  But  the  surgeon  must  not  forget  that 
these  dilated  lymphatics  are  part  of  a  physiologically  necessary  varix 
Although  their  excision  has  been  followed  sometimes  by  chyluria  aiwl 
also  by  elephantiasis,  in  not  a  few  instances  the  operation  has  l>wn 
productive  of  benefit  which  appeared  to  be  permanent  (Maitland).  In  a 
case  operated  on  by  Mr.  Johnson  Smith,  the  lymphatics  of  the  riijht 
8])ermatic  cord  subse(|uently  became  enormously  dilated  and  caux^i 
much  pain  and  inconvenience.  Mr.  Godlee  has  attempted,  by  intp» 
ducing  one  of  the  dilated  lymphatics  into  a  convenient  vein,  to  short- 
circuit  the  course  of  the  lymph  to  the  venous  system,  and  therel'V 
reduce  the  pressure  in  the  varix.  The  result  was  not  completely 
successful  owing  to  the  tenuity  and  delicacy  of  the  lymphatic  walls. 
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Lyinph-iii'rotum. — The  same  remarks  apply  to  this  as  to  the  preceding 
case.  When  ptissing  into  confirmed  elephantiasis  a  lymph-scrotum  ought 
to  be  excised. 

Chylocele  may  l)e  tapped  and  injectijd  or  incised. 

Elfpfutniiash  oj  the  sa'otum  should  be  amputated,  the  penis  and  testes 
being  retained. 

Eliphantiam  of  the  leg  is  best  treated  by  rest,  elevation,  massage,  and 
elastic  bandaging.  If  of  recent  formation,  and  the .  patient  sound  in 
constitution,  and  neither  malaiious,  anaemic,  nor  scorbutic,  a  mild 
mercunal  coui*se  may  be  beneficial.  During  acute  attacks  pricking  the 
distended  limb  so  as  to  provide  an  escape  for  the  efiusion,  and  dressing 
the  parts  antiseptically,  gives  great  relief,  and  may  tend  to  delay  the 
progress  of  the  swelling.  Pain  and  fever  are  to  be  treated  on  general 
principles. 

xiii.  Filaria  magalhaesi  E.  Blanchard  189r>. — (Synonyms;  Filaria 
iHtncrofti  von  Linstow  1892,  Filarin  hunrrofti  P.  S.  de 
Magalhaes  1892  nee  Cob1x)ld  1877.)— In  1892  Professor 
Magalhaes,  of  Rio  de  Janeiro,  published  a  careful 
descri[)tion  of  two  sexually  mature  filariie  which  were 
found  in  a  clot  of  blood  said  to  have  come  from  the  left 
ventricle  of  the  heart  of  a  child.  The  disease  of  which 
the  piitient  died  is  not  stated.  The  f(imale  measured 
15^)  mm.  in  length  by  0*6  to  0*8  mm.  in  breadth,  the 
male  83  mm.  in  length  by  0*28  to  0*4  mm.  in  greatest 
breadth.  Both  were  white,  opalescent,  and  delicately 
marked  by  transverse  stria*.  In  both  the  cesophagus 
terminated  in  a  bulb,  the  intestine  commencing  in  a 
dilatation  ;  and  in  both  the  head  was  club-shaped,  and 
the  mouth  terminal,  round,  simple,  and  without  papilKr. 
In  the  female  the  vulva  was  placed  2'r)()  mm.  from  the 
mouth,  the  uterus  wtis  double,  and  the  anus  oj>ened  0*13 
mm.  from  the  tip  of  the  rounded  tail.  The  male  was 
provided  with  two  spicules  projecting  from  the  cloacii, 
O'll  mm.  from  the  tip  of  the  rounded  t^iil,  which  w*as 
fui'tber  provide<l  with  four  pre-anal  and  three  post-anal 
pairs  of  papillae.  AVe  have  no  description  of  the 
embryos,  which,  it  is  to  be  presumed,  must  have  circulated 
in  the  blood. 

xiv.  Filaria  demarquayi^  Manson  1895. — The 
geogi-aphical  range  of  this  parasite  hiis  not  yet  l>een 
accurat<3ly  determined,  but  we  know  it  occurs  in  certiiin 
of  the  West  Indian  Islands — St.  Vincent,  Dorainiwi, 
Trinidad,  and  St.  Lucia,  and    in    Demerara.      The  same   or  a   similar 

*  Thi8  blorxl-worni,  Filarin  firunrrifiuii/i,  was  named,  at  F*rofessor  Blaiu'lianKH  Nu^rgostion, 
after  Demjirqiiay,  the  discoverrr  of  Mictitjiiaritt  ntictunni,  ainl  tht*rf!V»re  the  jiioneer  of  this 
iin{X)rt:uit  brancli  of  patliology.  Demarquay  was  a  iiativr  of  the  \Ve>t  Iiulies  ;  there  is, 
therefore,  a  certjiiii  a]»propriateness  in  eallini:  this  West  Indian  parasite  after  him,  as  well 
as  hrtns  a  recojjnition  of  scientific  services  loo  lonjr  overlooked  even  by  his  own  nation. — P.  M. 
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parasite  has  been  seen  in  blood  from  New  Guinea  and  from  the  We>i 
Coast  of  Africa.     In  the  West   Indian   Islands  it  is  confined  to  verv 

• 

circumscribed  districts,  but  in  Demenira  a  large  proportion  of  the  native 
Indians  throughout  the  back  country  are  affected,  and  in  them  Mir*- 
Jiliiria  demarquayi  is  almost  invariable  in  association  with  Alicro^d/v 
perstatis.  According  to  Low  it  is  a  parasite  of  jungly  districts.  The 
intermediary  host  has  not  yet  been  discovered.  The  microfilaria  k< 
characterised  by  its  minute  dimensions,  sharp  tail,  absence  of  a  sheath,  ami 
by  its  very  active  movements  and  capacity  for  elongation  and  contraction. 
A  complete  specimen  of  the  adult  male  has  not  been  found  ;  the  femak 
occurs  in  the  connective  tissue  at  the  root  of  the  mesentery.  It  measures 
65-80  mm.  in  length  by  0*2 1-0*25  mm.  in  breadth.  The  head  is  simple, 
unarmed,  there  is  no  oDSophageal  constriction.  The  anus  is  subterminal, 
opening  on  a  small  papiHa  0*25  mm.  from  the  posterior  extremity.  The 
genital  pore  open^  0*6  mm.  from  the  mouth.  The  embryo  shews  d<> 
periodicity.  The  intermediary  host  is  not  known,  though  there  is  some 
reason  for  suspecting  Stegomyia  fascia ta. 

Hitherto  F.  deiivarqaayi  has  not  been  shewn  to  be  pathogenetic. 
FiUiria  ozzardi  Manson  1897. — This  form  has  been  describe<l  as  » 
distinct  species,  but  it  is  now  regarded  as  specifically  identical  with 
t\  demarquayL 

XV.  Filaria  volvulus  R.  Leuckart  1893. — This  worm,  known  only  in 
the  adult  state,  is  found  in  subcutaneous  tumotirs  in  men  on  the  Gukl 
Coast,  Dahomey,  and  Sierra  Leone.  The  male  measures  30  to  35  hv 
0144  cm.  The  cuticle  is  thick  and  striated;  the  tail  is  reciuied. 
There  seem  to  be  a  pre-anal  and  a  post-anal  pair  of  papillae,  and  two 
lateral  pairs  and  two  unequal  spicules.  The  female  is  60  to  70  cm.  long 
and  the  truncated  tail  is  recurved.  The  embryos  abound  in  the  flui«l« 
of  the  tuinoiu*,  they  measure  0*25  by  0*005  or  0*006  mm.  They  Iwve 
not  yet  been  recognised  in  the  blood.  The  worms  am  live  in  thi- 
tumours  for  many  years. 

xvi.  Filapia  powelli  Powell  1903. — This  is  only  known  in  the 
microfilarian  state,  and  requires  reinvestigation.  It  was  found  in  the 
l>lood  of  a  Mohammedan  policeman  in  Bombay.  The  microfilaria  Lis 
a  sheath,  is  013  mm.  long,  and  uniformly  0*005  mm.  thick.  It  wm 
only  found  at  night. 

Family  VI. — Angiostomidse 

Heterogeneous  Forms, — This  family,  like  the  preceding,  also  iocludts 
only  one  genus  parasitic  in  man.  The  various  species  are  heten- 
gamous,  each  species  including  a  free,  bisexual,  and  rhabditic  form  anil 
a  parasitic,  filaria-like,  and  hermaphrodite  form. 

Strongryloides  stereoralis  Biivay  1876. — (Synonyms:  AunmlhU 
intt'siiiud'iH  et  stereoralis  Bavay  1877,  Lept^niera  intestinalis  et  siercoran* 
Cobbold,  Pseudorhuhditk  stereoralis  Perroncito  1881,  Bhabdonana  stron'if- 
hide.i  Leuckart    1883,   Strongyloides  intestinalis  Grnssi   1883,  Rhahdomiha 
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iiitetliiiale  Blanchard  18B6.)-  This  parasite,  discovered  by  Normaiid  in 
1876  in  cases  of  chronic  intestinal  flux  from  Cochin  China,  has  aincu 
been  found  in  many  parts  of  the  world — in  Brazil,  West  Indies,  Egypt, 
India,  Ceylon,  China,  Indo-China,  the  United  States,  the  Philippines, 
Hawaiian  Islands,  Africa,  Italy,  Germany,  etc.  It  is  very  often  found 
in  association  with  j4.  duodetiaU,  and  it  is  probable  that  the  geographical 
range  as  wt^ll  as  the  biological  requirements  of  these  two  paraaitee  are 
closely  similar. 

The  mature  rhabdonema  lives  in  the  intestinal  mucua  of  the  duodeniini 
and  upper  part  of  the  jejunum  ;  rarely  in  the  stomach  or  ileum.  It  is  a 
very  minute  and,  proportionately,  very  long  parasite — 22  by  0034  mm. 
It  is  readily  distinguishable  under  the  microscope  from  all  other  intestinal 
parasites  by  its  size  and  proportions,  and  by  the  five  or  six  ellipsoidal 
eggs  (0-05  to  0058  by  003  to  0-034  mm.)  lying  in  a  string  about 
the  centre  of  its  body  and  in  close  relation  to  the  position  of  the  vulva. 
No  male  form  has  been  found  in  this  atage.    From  analogy  with  Hhabdoaiiii" 


nii/riH-eitosam  of  the  frog  Leuckart  regarde<l  these  forms  as  hemiaphrotlite, 
but  other  observers  look  upon  them  us  parthcnogenetic  females.  Tbcy 
)«>re  into  the  mucous  membrane  of  the  alimentary  canal,  often  into 
Lieberktihn's  glands.  When  the  ova  have  passed  into  the  chyme  the 
embryo  (Fig.  205)  develops  so  rapidly  that  before  the  fjecea  leave  the 
intestine  the  shell  of  the  egg  lias  been  ruptured  and  the  embryo  is 
swimming  about  very  actively  in  the  fluid  fu.>ces.  These  cmbryas  have 
pointed  tails,  rounded  heads,  and  measure  0*2  or  0'3  by  0'013  mm. 
They  are  further  ilistinguished  by  the  double  esophageal  bulb,  the 
posterior  bulb  of  which  carries  three  teeth.  Unlike  what  occurs  in  the 
case  of  A.  diiode-mile,  owing  to  the  rapid  development  of  the  embryo  and 
its  early  escape  from  the  ovum,  ova  are  rarely  foimd  in  the  stools,  unless 
it  be  during  the  action  of  a  powerful  cathartic.  When  they  do  occur  in 
the  stools,  being  usually  in  strings  of  three  or  four,  they  are  not  likely 
to  be  confounded  witli  the  ova  of  any  other  parasite. 

The  future  of  the  embryos  ufter  they  leave  the  human  l>ody 
depends  on  several  circumstances.  First,  utdess  they  get  access  to  non- 
putrefying  fluid  they  soon  die;  the  faeces  containing  them,  therefore, 
must  mix  freely  with  water.  Second,  if  the  temperature  be  low  the 
embryo    rhab<lonema    develops    into    a   filariform    larva    which,    when 


954 


SYSTEAf  OF  MEDICINE 


swallowed  by  man,  or  when  it  has  bored  through  his  skin  aiid  mikir 
its  way  to  the  intestine,  quickly  assumes  the  parasitic  form  alre^U 
described.  Third,  if  the  temperature  be  high  the  embryos  develop  mti> 
male  (Fig.  207)  (0*7  by  0035  mm.)  with  a  coiled  tail,  and  female  (Fig.  2ui<; 
(I'O  by  0*05  mm.)  mature  rhabditic  worms.  Their  eggs,  which  Qumitr 
only  30  to  40,  measure  0'07  by  0*045  mm.     In  due  time  these  rhaMitic 


I'm.  207.  -Stroufffiliiah.s  strnrnvli^t 
iiiah*.     <iol^i  an*l  Monti. 


Fio.  208.Str<nifffiloidef  ftercomUf.  T^^malf^. 
Oolfd  and  Monti. 


forms  produce  embryos  w^hich  assume  the  filarifoiin  type  (Fig.  209)  ami.  «>n 
heuVji  transferred  to  man,become  Bhabdonema  intestinaU,  These  free  maturt 
rhaWlitic  forms  are  w^hat  were  formerly  known  as  jlncruillvla  strrci>rtuu< 
They  were  found  in  the  faeces  at  post-mortem  examinations,  and  als4i  in 
tlie  fieces  after  discharge  ;  for  a  long  time  their  true  relationship  to  tl»e 
Jt  iyit&^tiunle  was  not  understood.  Grassi  has  shewn  that  the  second  i^r 
free  generation  may  be  suppressed  and  that  the  first  larvae  may  grow  up 
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into    the    parasitic    Ibrm   directly.     This    may    account   for   the    great 
severity  of  the  infection  in  some  cases. 

At  one  time  this  parasite  was  supposed  to  be  the  cause  of  the 
diarrh(^a  so  common  in  Cochin  China.  This  is 
no  longer  believed,  and  most  pathologists  regard 
the  presence  of  the  worm  in  these  cases  as  more 
or  less  accidental — favoured  no  doubt  by  the 
catarrhal  condition  of  the  intestinal  mucous 
membrane,  but  certainly  not  causing  it. 

Tlie  (eosinophil  cells  of  the  blood  are  usually 
increased  in  number  in  this  infection  (up  to  14 
per  cent) ;  in  some  cases  an  increase  in  the 
number  of  lymphocytes  has  been  noted,  but  no 
cases  of  aruemia  or  general  leucocytosis  have  been 
tniced  to  the  presence  of  this  parasite. 

The  larvae  of  the  free  forms  make  their  wav 
into  the  body  of  the  host,  like  the  larval 
A nh//lo^fontas,  in  two  ways.  Either  (i.)  pjissively^n 
drinking  -  water  or  in  food  such  as  salads,  or  (ii.)  actively  by  l)oring 
through  the  skin  whence  they  reach  the  alimentary  canal  through  the 
Siime  channels  as  do  the  Ankfflosfoma  larva?. 

Treatimnt. — B.  iutesimdf  is  difficult  to  expel.  Sonsino  says  he  got 
good  results  from  a  long  course  of  small  doses  of  thymol  and  liquor  ferri 
)H*rchloridi.  The  ordinary  anthelmintics  are  ineffective  against  this 
jKinisitv.  Prevention  must  ttike  the  direction  of  a  pure  water-supply  and 
the  avoidance  of  uncooked  vegetables  and  fouling  of  the  skin  by  faecally 
contiiminated  soil.  There  is  some  evidence  that  the  desiccated  filarifonn 
<'nibiyos  may  gain  access  to  the  alimenUiry  canal  in  the  shape  of  wind- 
home  dust. 

Family  VII. — Gnathostomidse 

The  anterior  part  of  the  l)ody  or  the  whole  body  covered  by  minute 
branching  spines.  Usually  found  in  the  alimentary  canal  of  mammals. 
Only  one  genus. 

Gnathostoma  slamense  (Le^-i risen)  1S89. — (Synonym:  Chnmcmdhu^ 
sinnietnyui  Lev.  1889.) — The  female,  measuring  9  by  1  mm.,  alone  is  known. 
Around  the  head  are  eight  rings  of  spines  and  the  other  spines  cover 
only  the  anterior  thiifl  of  the  body.  The  first  specimens  came  from  the 
breast  of  a  young  Siamese  where  a  tumour  had  formed.  The  tumour 
disappeared  and  was  succeeded  by  bean  -  like  swellings  in  the  skin  ; 
from  one  of  these  the  worm  camo  out.  Two  or  three  other  cases  have 
since  been  observed. 

ClAJSS  II. — AcANTIlorKPH.AL.V 

This  is  a  small  group  with  few  genera,  usually  iissociated  with  the 
Nemato<la  and  the  Nematomoi'pha  (Gordian  woims)  to  form  the  group 
Nema  thelmint  hes. 


r/igas  to  quite  small  species  a  few  millimetres  in  length.      Tfaejr 
parasitic  in  the  «limentaiy  canal  of  vertebrates,  luually  in  these  whidi 
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livo  neai'  water,  for  the  larval  stage  is  usually  pa,Bsed  in  a  criutaceBn 

in   water -inaects.     There  is  no  alimentary  canal 

or    mouth,   and   the   animals   live    by   absorbing 

through    their    general    body-wall    the    nutritive 

fluids  in  which  they  are  bathed.     The  anterior  end 

of    the    body   is   called    the    proboscis,    and    is 

surrounded  by  rings  of  hooks  which  serve  to  fix 

the  parasite  in  the  walls  of  the  alimentary  canal. 

The  lumen  of  the  pi-oboscis  is  ctit  otT  from  that  of 

the  body  by  a  septum,  and   to  aome  extent  the 

Hrol>08eiH   citn  l>e   retracted  into  the  body.      The 

skin  is  smooth  and  whitish.     The  animals  usually     ^ 

have  -1  plump  appearance. 

The  following  three  species  have  been  described 
ill    man,    but  with    little    detail    and    some    un-     . 
certainty  : — 

i.  Gigantorhynchus  ?lga$'  (Goeze)  1783.  — 
(Synonym:  Tmiia  Urudimicea  Pallas  1781.)— The 
elongated  l)ody  tapers  postciiorly.  The  prolwBcis 
is  almost  .spherical,  with  five  or  six  rows  of  hooks.  " 
The  male  is  10-liJ  cm.  in  length,  and  the  female 
mav  )>e  tlirci-  times  this,  or  even  more,  in  length. 
The  three  shelled  eggs  arc  008-01  long.  The 
normal  host  of  0.  ijiffas  is  the  pig,  and  they  live  in 
his  small  iiitostiiic.  The  eggs  leave  the  body  and 
aiTivoin  the  gmlis  of  the  beetle  Melolemlhii  viiliptnit 
and  i'ttuni'i  aunUi',  and  probably  in  America  of 
LifhmisUriiii  urniala.  It  is  of  course  only  an 
accidental  parasite  in  man,  but,  according  to  Brauii, 
Liniiemann  Dtatcs  that  it  is  not  rire  among  the 
I>easants  of  Southern  Russia,  and  Leiickart  iuimits 

ii.  EchinoFhynchus  homlnls  liJimbl  18ri9. — 
A  boy  who  had  died  of  leukiemia  harboured  an 
EAihinorhynchuB,  to  which  Lambl  gave  the  n.-iiiie 
E.  /wmmi-<.  The  worm  was  5'6  mm.  long,  and  bore 
twelve  rows  of  hooks  in  its  proboscis. 

iii.     Eetiinorhynchus     moniliformis    Breniser   ^'. 
1819.      The  adult    of    this   H|«ciea    is    normally      ; 
parasitic    in    tietd-micc,    marmots,    rats,   etc.,   and 
the  larva  lives  in  a  beetle  AVh/k  mnn'mafu.     (ir.-issi 
and  Calandruccio  have  shewn  that  it  will  live  in      J^i'miuMim^' '' "'"""' 
man  if  artificially  introduced. 

Pkntastomii>a 
This  group  of  animals  occupies  an  iKolated  [Ktsition  in  the  animal 
kingdom.     Most  authorities  regard  them  as  abeiraiit  Arachnids,  hut  the 


ilnl  hy  tbiw  rm- 
'■lirllK.  HiKlily  miuinllM. 
Th'  riN  hiri  HfumftntHl.  jtihl 
lh«  mil  II  nn-  ilinWrntEmlHl 
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connexion,  if  it  exists,  is  a  remote  one.  It  includes  two  geneni  with 
some  score  of  species,  all  of  them  partisitic.  The  adults  occur  its  u  nilr 
in  the  nasal  passages  and  the  spaces  connected  with  them,  and  id  iLc 
lungs  of  the  carnivorii,  ophidia,  and  crocodilia  and  fiesh-eftting  vertr- 
brates  generally.  The  larvK  occur  either  free  in  the  body-eivity  .r 
encapsuted  in  the  walls  of  the  alimentary  canal,  the  mesenterr,  the  liver. 
spleun,  or  abdominal  muscles ;  in  fact  in  some  position  nut  far  remove] 
from  the  alimentary  canal  from  which  they  have  migrati-d.  Both  wlij:- 
and  larvie  sometimes  shift  their  position,  and  the  active  migration  of  tli 
latter  may  cause  fatal  results. 

The  Pentastomida  are  while,  rather  tough,  worm-like  animals,  wiih  i 
^ieriefl  of  constrictions  and  rings  which  have  no  true  segmental  value. 
The  head  may  or  may  not  ho  separated  from  the  body  by  »  neck,  ii 
bears  the  median  mouth,  and  is  Hanked  on  both  sides  by  a  puir  of  si'>iit 
hooks.  The  anus  is  terminal.  Pentastomids  are  bisexual,  the  ntilw 
being,  as  a  rule,  smaller  and  less  numerous  than  the  females.  The  ■avem 
opens  ventrally  a  little  in  front  of  the  anus,  and  the  number  of  ova  ii 
The  male  genital  opening  is  also  ventral  and  a  Utile  war 
behind  the  mouth.  The  ova  jkiss  out  of  ihe 
body  of  the  host  with  the  mucous  sct-reiiKi 
discharged  from  the  nose,  or  in  some  (*■« 
/  they  may  possibly  pass  through  the  idlmentun' 
canal ;  at  any  rate  they  reach  the  ground  wi:ii 
'  its  vegetation.  Here  they  somehow  get  iiii<> 
"~  the  body  of  the  second  host,  a  tish,  a  birO.  i 
mammal  such  as  a  mouse,  in  fact  soni« 
animal  likely  to  be  eaten  by  the  camivoprtu 
host  of  the  adult. 

Only   two  or   three  species  occur  in   iii:iii 
who  is  only  sporadically  their  host, 

1.  Linguatula  rhinaria  (Pilger).-— (Syn-- 
nynis  :  Tiniia.  rhiiwrvi  Pilger  ]  802,  PtJi/^uw 
t(mvii'lcs  Rud.  1810,  I.ingaalvla  iiFniwit-^  Ijh.. 
1816,  Fenlasloma  Uemoides  Rud.  1819.)— Ti»- 
adult  lives  in  the  nasal  cavities  of  dogs.  woh^. 
horses,  and  rarely  man,  A  case  is  recorrleil 
by  Laudon  of  a  soldier  in  the  Franco- PniMian 
war  who  suffered  for  seven  years  from  !!>■■ 
ulfll  presence  of  one  of  these  creatures  in  his  iii-sf. 
~.  ..-„.. u  .^.  -r  „,„  '1,'ij'  i'' ***  finally  expelled  by  a  sneeze  in  !«'*. 
.ivi'i.H;!;  w.-w,  i-c»irtfli;iiiiiiil  and  tho  nose-bleeding  and  inflamniBtioii  m 
'^'"-i^.i'^itiS!^^.  At^'r  once  subsided. 

1,-iiiiiBri.  rpjjg  [.jpyjj  of  ^  rhinaria,  which  often  g-^w 

under  the  name  of  l''iroceplialus  (PeiilaMoma)  ilenticulnfHs,  ie  much  lno^■ 
common.  Zenker,  who  first  recognised  it  as  a  human  parasite,  foiiti'l 
it  nine  times  in  one  hundred  and  sixty-eight  post-mortems  :  Heschl  found 
it  twice  in  twenty  autopsies,  and  there  are  many  other  cases  ou  recorxl. 
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'1,  Porocephalus  constrictus  (v.  Sieb.)  (a  larval  form). — (Synonyms  : 
Xetnatuideum  hominis  Diesing  1851,  PnitasUmium  constriclum  v.  Siebold 
1852,  Pantcejthalus  coiisiricUia  Stiles  1903.) — The  parentage  of  this  larva  is 
doubtful.  Shipley  considered  it  to  be  P.  armillatus  Wyman,  which  lives 
in  the  lungs  of  African  pythons  {Python  scbtii,  and  P.  nwlurus)  and  also 
in  the  lion.  Neumann  reganis  it  as  the  larva  of  /'.  monilifoi'nm  Diesing, 
which  also  lives  in  African  pythons,  whilst  Looss  thinks  that  these  two 
species  are  identicid. 

The  larva  has  twenty  large  and  distinct  rings,  and  just  behind  the 
head  a  region  of  minute  and  undetermined  annuli.  It  is  found  curled  up 
and  encysted  in  the  mesentery  and  connective  tissue  of  the  giraffe 
Protdes  cristatus^  Ci/noceplialus  marmon,  Cercopithecus  ullfotpihins,  and  of 
Jlumo  sapiens  in  Africa.  Occiisionally  it  wanders  freely  in  the  alimentaiy 
canal  and  in  the  l)ody-cavity.  Aitken,  whose  work  refers  to  the  soldiers 
of  the  African  British  colonies,  met  it  also  in  the  liver  and  lungs,  and  he 
states  that  it  onuses  death. 

HiRUDiNEA  (Leeches) 

The  leeches  are  a  group  of  segmented  worms  descended,  in  all  prol)- 
ability,  from  the  C'hietopoda  or  true  worms.  They  are  divided  into  two 
groups  :  (i.)  the  Gnatholxlellidae  which  are  armed  with  three  biting  jaws ; 
^ii.)  the  Rhynchobdellidie  which  are  provided  with  a  protrusible  pro- 
boscis. In  the  grown-up  condition  they  suck  blood,  preferably  from 
warm-blooded  animals,  and  when  biting  they  secrete,  from  cerUiin  glands 
in  the  pharynx,  a  secretion  which  prevents  the  blood  coagulating,  and 
consequently  the  blood  often  flows  after  the  leech  has  ceased  biting. 

But  two  of  the  identified  species  are  really  harmful  to  man,  and  they 
lioth  belong  to  the  Gnathobdellida*. 

(i)  Limnatis  nilotica  (Sav.).  —  (Synonyms:  Bilclla  mhtim  Sav. 
/.iw/*///is- «i/(>/w'a  Moq.-Tand.,  Ilmmopsis  vf/rax  Moq.-Tand.  1826,  Jla-Jiiapsis 
siinjjuumga  Moq.-Tand.  1846,  San^iisnga  (egypHaca  Moq.-Tand.) — The 
length  is  8-10  cm.  and  the  anterior  end  is  the  more  jwinted.  The  dorsjil 
surface  is  brownish-green,  with  six  longitudinal  stripes,  the  ventral  surface 
is  dark.  This  leech  lives  in  fresh  water,  and  is  fpun<l  from  the  Azores 
and  Canaries  along  the  northern  edge  of  Africa  into  Syria,  Armenia,  and 
Turkestan.  It  caused  great  trouble  to  the  members  of  the  French  Army 
when  Napoleon  invaded  Egypt.  It  })asscs  into  man  and  into  domestic 
animals  with  the  drinking-water.  It  remains  in  the  stomach  for  a  time, 
and  then  begins  to  wander.  It  crawls  into  the  (esophagus,  the  throat,  the 
nasal  cavities,  and  sometimes  into  the  trachea.  It  has  also  been  found  in 
the  vagina  and  in  the  conjunctiva,  but  it  seems  unable  to  bite  through 
the  outer  skin.  It  causes  various  symptoms  according  to  the  position  it 
tiikes  up.  Headaches,  e})istaxis,  difficulties  in  respiration,  the  expulsion 
of  mucus  mixed  with  blood,  a  tendency  to  vomit,  and  if  of  long  duration 
a  certain  degree  of  cmiiciation.  The  leeches  can  b(j  expelled  by  spraying 
with  salt  solution. 

Hsemadipsa   ceylonica   Moq.-Tand.   is  perhaps  the  best  represent- 
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ative  of  a  genus  of  land  leeches  which  causes  great  trouble  to  t^avelle^. 
H.   ceylonica  extends   from  India  and  Ceylon   through    Burma,  Cochin 
China,  Formosa  to  Japan,  the  Philippines  and  Sunda  islands.      Other 
species  occur  in  South  America,  New  Guinea,  and  Australia.      The-^ 
leeches  live  on  damp  earth,  but  they  ascend  plants  and  shrubs  to  obuin 
a  better  outlook  for  the  arrival  of  a  victim.       Landon,    in   his  IJ»k^ 
(London,   1905),  writing  at  Sikkim,  states:   "The  game   here  is  v«n 
scanty  :  the  reason  is  not  uninteresting.     For  dormant  or  active^  wiht' 
or  invisible,  the  curse  of  Sikkim  waits  for  its  warm-blooded  visitor.    TV 
leeches  of  these  lovely  valleys  have  been  described  again  and  again  U 
travellers.     Unfortunately  the  description,  however  true  in  every  puii 
cular,   has,   as  a ,  rule,   but  wrecked    the  reputation   of   the   chronicler. 
Englishmen  cannot  understand  these  pests  of  the  mountain  side,  which 
appear  in  March  and  exist,  like  black  threads  fringing  every  leaf,  till 
September  kills  them  in  myriad  millions  ...  to  remove  them  a  bowl  of 
warm  milk  at  the  cow's  nose,  a  little  slip-knot,  and  a  quick  band  are  til 
that  is  required.     Fourteen  or  fifteen  successively  have  been   thus  taken 
from  the  nostrils  of  one  unfortunate  heifer."     Travellers  relate  that  in 
stepping  into  the  forest  they  can  hear  the  leaves  rustling  with  the  move- 
ments of  these  eager  creatures,  craning  out  towards  their  prey.     Th^-v 
can  insinuate  their  bodies  through  the  minutest  chinks ;  tightly-fitting 
clothes   and  leather  gaiters    prove  inadequate  protection.       Their  bite 
is  quite  painless.      When   they  are   fully  fed,   a  process   which  takes 
some  time,  they  drop  off,  and  they  can  be  made  to   loose  their  hoM 
by  the  application  of  a  solution  of  salt  or  weak  acid.      Attempts  to  pull 
them  off  should  be  avoided,  as  parts  of  the  biting  apparatus  are  th<fo 
frequently  left  in  the  wound  and  cause  inflammation.       As  a  rule  the 
bites,  which  are  so  painless  that  the  presence  of  the  leech  is  often  onlr 
observed  by  noticing  a  trickling  of  the  blood,  heal  well,  but  at  times  they 
become  infected  with  bacteria  and  cause  much  trouble.     When  a  Ian:? 
number  attack  a  man  great  weakness  ensues  from  the  loss  of  blood,  an : 
people  attacked  in  their  sleep  by  a  numerous  host  of  these  leeches  hart? 
succumbed  to  their  united  efforts. 

Patijick  Maxs<:»x 
A.  E.  Shipley. 
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Richmond,  1891,  p.  239;  (Extr.)  Med.  News,  Philad.  1891,  lix.  649.-636.  S<»B*.n\. 
Allg.  meil.  Cntrlztg.,  1931,  Nr.  84,  p.  981.-637.  Solieri,  S.  Arch.  hU.  dr  .V  '. 
y  de  Biol.,  Madrid,  1903,  i.  83,  130.-638.  SoNsiNO,  P.  Brit.  Metl.  Jour..  IJ^"). 
i.  328.-639.  Steuber.  Arch.  f.  Scfiiffs-  u.  Tropcn-Hyg.,  1903,  vii.  cf.  p.  5l<— «4^ 
Strube,  G.  IHsch.  med.  Wchschr.,  1897,  p.  523. — 641.  Taniguchi, N.  Ctitrbl.  f.  pnlt.  r. 
u.  Par.,  1903-4,  Abt.  I.  Orig.  xxxv.  492.-642.  Thiesino,  H.  B^itr.  z.  Anat.  o.  FK 
sanguinis  hominis  (Basel)  ;  Inaug.  Dissert.,  Leipzig,  1892. — 643.  Thokpk,  V.  <i. 
Brit.  Med.  Jou>'.,  1896,  ii.  922.-644.  Tribondeau.  Compt.  Rend.  So,-.  Bv'l.,  il*(t.. 
p.  996.-645.  Verdon,  E.  S.  Jour,  of  Trop.  Med.,  1904,  vii.  197.-646.  Yin<  fm, 
G.  a.  Brit.  Med.  Jour.,  1902,  i.  189.— 647.  Williams,  C.  A  Case  of  I\hn* 
sanguinis  hovnnis  noctunia,  London,  1893. — 648.  Wynn,  F.  B.  Ind.  M'd.  Ji'tf 
Inrlianapolis,  1895-6,  xiv.  409.-649.  YouNO,  C.  W.  BrU.  Med.  Jour.,  1897,  i.  UC 
Filaxia  Magalhaesi :— 650.  von  Linstow,  O.  CnJrbl.f.  Bakter.  u.  Par.,  1S92,  xii. 
88  ;  Zool.  Anz.,  1900,  xxiii.  76. — 651.  de  Magaluaes,  P.  S.  Rev.  d.  cvrs.  ffmrf.  .• 
theor.  faculd.  de  Med.,  Rio  de  Janeiro,  1887,  iii.  126  ;  Cntrbl.  f.  Bakter.  u.  I\tr.,  iSvni, 
xii.  511.  Filaria  Demarquayi :— 652.  Daniels,  C.  W.  Brit.  Mfd.  Jour.,  London.  I'^vv 
i.  1011;  ii.  878;  Brit.  Guiana  Med.  Ann.,  Dcmerara,  1898,  x.  1;  Brtt.  MJ. 
Jour.,  1899,  i.  1459;  Jour,  of  Trop.  Med.,  1899-1900,  ii.  (unjiaged  fly-lear  :  Ibid..  li*c. 
V.  357.-653.  Galgkv,  0.  Brit.  Mrd.  Jour.,  1899,  i.  145.— 654.  ^Low,  G.  C.  /?-■.. 
1902,  i.  196.— 655.  Manson,  P.  Ibid.,  1897,  ii.  1837.— 6.')6.  Ozzari»,  A.  T.  /.>..'. 
Guidna  Med.  Ann.,  Dcmerara,  1897,  p.  24. — 657.  Idem.  Jour,  of  TrojK  Meti..  \^^ 
V.   259;   Brit.  Guiana  Med.  Ann.,  1902,  p.  82.-    Filaria  VolTidita : — 6.'»8.   Lakamf- 
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LAGKAVKand  Degiy.  Arch,  dcParas^U.,  1899,  ii.  451.— 659.  Puour,  AV.  T.  Brit,  Med. 
Jour.,  1901,  i.  p.  209.  Filaria  Powelli :— 660.  Powell,  A.  Brit.  Med.  Jour.,  1903, 
i.  1145. 

Strongyloidiasis 

Strongyloides  Stercoralis:— 661.  Askanazy,  M.  Cntrbf.f.  Baiter,  u.  Par.,  1900, 
Abt.  I.  xxvii.  569. — 662.  Bavay,  A.  Coinpt.  rend.  Ac.  tici.,  Paris,  1876,  Ixxxiii.  694; 
//«>/.,  1877,  Ixxxiv.  266.-663.  Braun,  M.  Cntrhl.  f.  Baiter,  u.  Par.,  1899,  Abt.  I. 
xxvi.  612.-664.  Chauvin.  Arch.  med.  nar.,  1878,  xxix.  154.-665.  DoUNON.  Arch,  de 
yhys.  norm,  et  jnith.j  1877,  (4)  iv.  774. — 666.  Grasm,  B.  Bend.  B.  1st.  loinb.,  Milano, 
18i'9,  (2)  xii.  228.-667.  Grassi,  B.,  and  Parona,  C.  Arch,  per  le  Set.  med.,  Torino, 
1879,  iv.  10.— 668.  Grassi,  B.,  and  SEGRfe,  R.  Atti  B.  Ac.  Lineei,  1887,  (4)  iii. 
1"  sem.,  100;— 669.  vox  KuuLow,  M.  Cntrbl.f.  Bakttr.  u.  Par.,  1902,  Abt.  I.  xxxi. 
Orig.614.— 670.  Lkichtenstern,  0.  Dtseh.  nud.  U'ehschr.,  1898,  \\.  118;  Cntrhl.  f. 
Bakter.  u.  Par.,  1899,  Abt.  I.  xxv.  226.— 671.  Leickart,  R.  Ber.  de  inath.-phys.  CI. 
if.  A',  saehs.  Ges.  d.  Wiss.,  1882,  xxxi  v.  85. — 672.  Norman  D,  A.  Compt.  rerd.  Ac.  Set., 
Paris,  1876,  Ixx.xiii.  316  :  Arch.  Mitl.  nav.,  1877,  xxvii.  35  ;  Ibid.,  1878,  xxx.  214. — 
673.  PAI'PENHEIM.  Cntrbl.f.  Bakter.  u.  Par.,  1899,  xxvi.  608. — 674.  Perroncito, 
K.  Jour,  de  VAnat.  et  de  la  Physiol.,  1881,  xvii.  499. — 675.  Rovelli,  G.  Bie.  s. 
or(j.  yenit.  d.  Strongyloides,  Conio,  1888. — 676.  Seifert.  S-.B.  d.  phys.-med.  Ges., 
VViirzburg,  1883,  p.  93.-677.  Sonsino,  P.  Suppl.  d.  Biv.  gen.  ital.  di  Clin.  Med., 
1891,  vii.— 678.  Zinn,  W.  CiUrbl.  f.  Bakter.  u.  Par.,'  1899,  xxvi.  696.-679. 
Barbagallo,  p.  Gazz.  degli  Osp.,  Milano,  1897,  Feb.  7.-680.  Boycott,  A.  E., 
and  Haldane,  J.  S.  Jour.  Hygiene,  Cambridge,  1904,  iv.  pp.  73-111. — 681.  van 
DrK.ME,  P.  Bep.  Thompson- Va/es  Laboratories,  Liver{)Ool,  1902,  iv.  pt.  ii.  pp. 
471-4.— 682.  vos  Ki  RLOW,  M.  Centrhl.f.  Bakter.  u.  Par.,  1902,  xxxi.  I.  Abt.  Orig. 
pp.  614-28.— 683.  Lambinet,  J.  Bull.  Ac.  r.  miki.  Belgique,  1903,  (4)  xvii.  534.-684. 
il ANSON,  P.  Jour.  Trop.  Med.,  1900,  iii.  124. — 685.  Stiles,  C.  W.,  and  Hassall,  A. 
Amer.Med.,  1902,  iv.  343.-686.  Strong,  R.  P.  Johns  Hopkins  Hvsp.  Beports,  Balti- 
more, 1901,  X.  91-132;  Jour.  Trop.  Med.,  1902,  v.  10.— 687.  Teissier,  P.  Arch. 
m*d.  exptr.  et  d'anat.  path.,  Paris,  1896,  (1)  viii.  586.-688.  Thayer,  W.  S.  Jour.  0/ 
Ejr]>erim.  Med.,  1901,  vi.  pp.  75-105.— Onathoftoma  SiameiiBe  :— 689.  Levinsen,  G. 
M.  R.  Vidcnsk.  ineddel.  fra  naturh.  For  en.  %  Kjobcnhavn,  1889,  p.  323  ;  Abstract 
in  Cnirbl.f.  Bakter.  u.  Par.,  1890,  viii.  182. 

Acanthocepuala 

690.  Gras^-i,  B.,  and  CALANDRUCno,  S.  Cntrbl.f.  Bakter.  u.  Par.,  1888,  iii.  521.— 
691.  Harmann,  0.  I>U  Xemathelminthes,  I.  Monograph  d.  Aeanihocephala,  Jena, 
1891.— 692.  Kalser,  J.  E.  Bibl.  Zool.,  Ca.s.sel  1893,  Hl't.  vii.;  Zool.  Anz.,  1887,  x.  414. 
—693.  Lambl,  W.  VierteljaJtrsschr.  f.  prakt.  Hlkde.,  Prag,  1859,  Ixi.  45.-694. 
TiKrcKART,  R.  Cammentatio  de  statu  embryonali  et  larr.  Eehinorhynchus,  Lei))zig,  1 873. 
-695.  Schneider,  A.  S.-B.  d.  Oberh.  Ges.  f  Natur.  u.  Hlkde.,  1871,  j).  1.— 696. 
Shipley,  A.  E.  Aeanthocephala,  Cambridge  Xat.ural  History,  London,  1896,  ii.  184. 
--697.  Stiles,  C.  W.     Compt.  rend.  Sf>c.  Biol.,  Paris,  1891,  (9)  iii.  764. 

Pentastomida 

Llngaatala  Bhinaria :— 698.  Cohn.  Bull.  iSVm.-.  Mt'd.  Vit.,  1861,  (2)  v.  125; 
Ibid.,  1863,  vii.  22  ;  Ibid.,  1864,  viii.  108.— 699.  Kulagin,  N.  Cntrbl.  f  Bakter.  u. 
Bar.,  1898,  Abt.  I.  xxiv.  489.  525.— 700.  Lavdon.  Berl.  klin.  irchnschr.,  1878,  xv. 
730.-701.  Lkcckart,  R.  Bau  it.  Entwicklungsgeselt.  d.  Pentastomen,  Leipzig,  1860. — 
702.  LoHRMANN,  E.  Areh.f.  Naturg.,  1889,  "Jahrg.  Iv.  Bd.  L  303.-703.  V.  RAtz,  S. 
Cntrhl.  f.  Bakter.  u.  Par.,  1892,  xii.  329.— 704.  Schubart,  T.  D.  Ztschr.  nnss.  Zool., 
1852.  iv.  116.— 705.  Shipley,  A.  E.  Arch.  d.  Para^.,  1898,  i.  52.— 706.  Stiles,  C.  W. 
Ztschr.  wiss.  Zool.,  1891,  Iii.  85.— 707.  Virchow,  R.  Arch.  f.  path.  Anat.,  1857, 
xi.  81.— 708.  Welch,  F.  H.  Lancet,  1872,  ii.  703.— 709.  Zenker,  F.  A.  Ztschr.  f. 
rat.  Mfd.,  Hcidelb..  1854,  (2)  v.  212  ;  AreJi.  f.  phys.  Hlkde.,  1856,  xv.  581  ;  Areh.f 
Hlhtr.,  1862,  iii.  478.  — Porocephalns  Constrictns  :— 710.  Aitken,  W.  Science  and 
Practiec  of  Medicine.  4th  ed.,  Loudon,  1865.-711.  Bilharz,  T.,  and  von  Siebold. 
Zcitschr.  wiss.  Zool.,  1852,  iv.  65;  Z.  d.  Ges.  d.Acrzt.,  Vienna,  1858,  N.S.  i.  447.-712. 
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Chalmiuls,  a.  J.  Lancet^  1899.  i.  1715,  1729  ;  Abstract  iu  Cnfrbl.  /.  Bakter.  u.  lu 
1899,  Abt.  I.  xxvi.  518.— 713.  Giard,  A.  CompL  mid.  Soc.  Biol,  lie  Parts,  1S96.  : 
iii.  469  ;  Cntrbl.  /.  Bakter,  ti.  Par.,  1898.  Abt.  L  xxiii.  1098. — 714.  Neimanx.  (i. 
Jrch.  ParasU.,  1899,  ii.  356.— 715.  Prunku-Bey.  F.  KrankhcUcn  d<s  f/h^f.u 
Krlaiigeii,  1847,  p.  249.— 716.  Suiplky,  A.  E.     Arch.  Parasit.,  1S98,  i.  5:2. 

HlRUniNIA 

717.  Apathy.    Mitth.  d.  zool.  Station  zu  Neapel,  1888,  viii.  153  ;  ZtwL  JoArb.,  AiJ'- 


HY.     Mitth.  d.  zool.  Station  zu  Neapel,  1888,  viii. 
i.  725. — 718.  Blanchari),  R     Art.  "HirudiiuM 


1884,  xviii.  1104  ;  Q.  journ.  micr.  Sci.,  1886,  (2)  xxvi.  317. 

A.  R  8. 

The  Effects  of  Metazoax  Parasites  ox  their  Hosts 

722.  ANDRfe,    G.      Contrib.   ii   V^tudc   de    la   contrc-fiuxion   dans    la   phiisit  f«" 
nwnaire,    Dc   Vutilit^  du    Tinia   dans  ecite  vuiladie,   Paris,    1878. — 723.  Askasaiy. 
Ztschr.  /.  klin.  Med.,    1895,  xxvii.  492.-724.   Bastiax,  H.  C.     Phil.   Trans.,  l^^«, 
i).  583,  A^o^^.— 725.  Blanch  A  Ri),  B.     Trait6  Zoologie  MMicalc,  Paris,  1885-1890  ;  Arrh. 
Parasit.,  1905,  x.  81.— 726.  Boycott.     Journ.  Path.  a)id  Bacterial.,  1905,   x.   3s3.- 
727.  Calamida.     Cntrlbl.  f.  Bakter.   u.  Par.,  1901,   Abt.   I.   xxx.   374.— 72S.  Cm'. 
Riforma  Mcdlca,   1901,   iv.   795  ;    Abstract  in    Arch.   ital.   il€  Biol.,   1902,   xxxriu. 
491. — 729.  Caitan'RO.     Assoc.  Medico -chirurgia  de  Parma,  Mars  1903  ;  Abstract  u 
Arch.  ital.  de  Biol.,  1904,  xlii.  496. — 730.   Dastre  and  Sta8.sano.      Compt.  rend,  .^i^: 
Biol.,  1903,  Iv.  130,  254  ;  Arch.  Inter.  Physiol,  1904,  i.  86.— 731.   Davaixk.     fmi^ 
dcs  Entozoaires,  etc.,  Paris,  2nd  ed.,  1877. — 732.   Derove.     Compt.  rend,  acad.d.  Set,. 
Paris,   1887,    cv.    1285.— 733.  Grancher.      Bull.  mtUicale,   1897.— 734.   GriAkT,  S. 
Bull,    des   Sci.    Pliarniacolotjiques,    No.    11,    Nov.    1904. — 735.    Hamili..     Jour,L -^J 
Physiology,  London,  1906,  xxxiii.  479. — 736.  Jammes.     Assoc.  Franc,  p.  l' A rnncttHenf 
d.  Sciences,  1902,  xxxi.  241. — 737.  Jammes  and  Mandoul.     Bull.  Soc.  Sci.,  Touloase. 
1894  ;  Compt.  rcmi.  Actui.  Sci.,  1904,  cxxxviii.  1734. — 738.  Jorukks.     Enfotnolwri^  u. 
Helminthologie  des  menschlichcn  K'orpcrs,  Hof.,  1801. — 739.  Leickakt.     Th€  /'aratU'f 
of  Man,  Edinburgh,  1886,  p.  125. — 740.   Loosa.     Itecords  of  the  P^ipjptian  Govern uhw* 
School  of  Medicine,  1905,  iii. — 741.  Metchnikoff.  '  Bull.  Acad,  tic  Mctl.,  Paris,  19»n, 
(3)  xlv.    301  ;    BHtr.  f.   innerc  Med.  zum  70.  Geburtstage  von  E.  t^n  Lcydcn,   190:2,  i. 
425;    and   J.    Girard,    Ann.    de   VInst.   Pasteur,    1901,    xv.    440. — 742.     MorK>v»> 
an  J  Schlagdenhauffkn.     Bull,  et  MSm.  Soc.  mid.  Udp.,  Paris,  1888,  v.  (.3\  11.*?.- 
743.  Norman  I).     Mhn.  sur  la  diarrhiea  dite  de  Cocfiin  China,    Paris,    1877.  —744. 
Nuttall.     Amrriain  Naturalist,  1899,  xxxiii.  247. — 745.  Oliver.     Lancrt,   1905,  i. 
859.-746.     Pioou    and    Ramond.       Compt.    rend.    Soc.    Biol.,    1899,   li.    176.— 747. 
ScHAUMAN,  O.     Zur  Kenntniss  der  sngenannten  Bothrioceplialus-Anamie,  Berlin,  1S94. 
—748.  ScHAUMAN,  O.,  and  Tallqvist.     Dtschc  med.  Woch.,  1898,   xxiv.   312.— 749. 
Vaulleukard.    Bull.  Soc.  Nord.,  France,  1901,  (5)  iv.  84. — 750.  Weinlaxd.     Zt<-i<r. 
Biol.,  1903,  xHv.  1. 

Eosixophilia 

751.  AcHARi)  and  Clerc.  Quoted  by  Bezan^on  and  Labbe,  Archiv.  tjtn.  dr  tani., 
1902,  N.S.  vii.  749.-752.  Achard  and  Laubry.  Quoted  by  Bezan<;on  luid  Ia\\U. 
//;/V7.  — 753.  AciiARi)  and  Loeper.  Bull,  dc  la  Soc.  m6d.  d.  H6p.,  1<K)0,  xvii.  ^67: 
Bull.  Soc.  mki.  d.  H6p.,  1900,  xviii.  867.-754.  Allyx  and  Behuend.  Am*r.  M-d.. 
1901,  ii.  63.-755.  Ashford.  N.Y.  Med.  Journ.,  1900,  Ixxi.  552, — 756.  AsHFutP 
and  KrxG.  Am/'.r.  Mrd.,  1903,  vi.  391.— 757.  Askanazy.  Ztschr.  /.  klin.  M>d.,  l>i»;». 
xxvii.  492.-758.  Atkixsox.  Phil.  Med.  Journ.,  1899,  iii.  1243.— 759.  BAi.Fom 
Lancet,  1903,  ii.  1649.— 760.  Becker.  Dtsrh.  med.  WcJinschr.,  1902,  xxviii.  46S.— 
701.  Bezancdn  and  LabijiJ:.  Arch.  gen.  de  m&l.,  1902,  N.S.  vii.  748. — 762.  BtZAMvN 
and  Wkil.  'K«;f.  Arch.  ghi.  de  nud.,  1902,  N.S.  vii.  749.-763.  Blickhahx.  M'f. 
Xrics,  1893,  Ixiii,  662.-764.  Bloch.  Dlsch.  med.  Wchnschr.,  1903,  xxix.  511.-7^.'.. 
Blumer  and  Neimax.  Avicr.  Journ.  of  Med.  Sci.,  1900,  cxix.  14. — 766.  Boyo'TI. 
.Brit.  Med.  Journ.,  1903,  ii.  1267  ;  Journ.  of  Hygiene,  1904,  iv.  437. — 767.   BnV<  on 
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and  Haldane.     Journ.  of  Hyyicnc^  1903,  iii.  95. — 768.   BiiowN,  P.  K.     Boston  Med, 
iitid  Surg.  Journ.,  1903,  cxlviii.  583. — 769.  Brown,  T.  R.     Johns  IIopkiM  JIosp.  Bull. , 

1897,  viii.  79;  Juuni.  of  Exp.  Med.^  1898.  iii.  315  ;  Boston  Med.  and  Surg.  Journ., 

1898,  cxxxix.  218  ;  Med.  Xcivs,  1899,  Ixxiv.  12.— 770.  BCcklkks.  Munchen.  mcd. 
jrchthschr.y  1894,  xli.  21.  —  771.  Cabot.  Boston  Mcd.  and  Surg.  Journ.,  1897,  cxxxvii. 
676  :  Clinical  Examinatum  of  the  Bloody  5th  cd.,  1904,  pp.  495,  502.— 772.  Calvekt. 
Johns  Hophitis  Hosp.  i>*M//.,^1902,  xiii.  23,  133  ;  Joum.  Amcr.  Mai.  Assoc.,  1902,  xxxix. 
1523. — 773.  Capps.  Joum.  Anicr.  Mcd.  Asso.^  1903,  xl.  28. — 774.  Chknky.  Amer. 
Med.,  1903,  vi.  985.-775.  Claytor.  Phil.  Mcd.  Joum.,  1901,  vii.  1251.— 770.  Coles. 
Brit.  Med.  Joum.,  1902,  i.  1137. — 777.  da  Ct)STA.  Clinical  Uematohnjif,  1905, 
2nd  ed.,  pp.  420,  433,  536. — 778.  da  Costa  and  Doksett.  Ajncr.  Joum.  Med.  Sci., 
1901,  cxxii.  725.-779.  Dakgein  and  Tribondeav.  Compt.  retul.  Soc.  de  Biol.,  1901, 
liii.  969.— 780.  Douglas  and  Hardy.  Zr«7ic<;/,  1903,  ii.  1009.-  78],  Drake.  Joum. 
of  MM.  Research,  1902,  viii.,  N.S.  iii.  250. — 782.  Dudgeon  and  Child.  Jwnii. 
of  Trap.  Mtd.,  1903,  vi.  253.-783.  Ehrhardt.  Zieghrs  Bntrdge,  1896,  xx.  43.- 
784.  Ehrlich  and  Lazarus.  Histology  of  the  Blood,  Eng.  Trans,  by  Myt'i*8,  Cambridge, 
1900.-785.  Evans.  Joum.  Amer.  Mcd.  Asso.,  1903,  xl.  990.— 786.  Jerrier.  Areli. 
de  Parasit., .1905,  x.  77.-787.  French  and  Boycott.  Joum.  of  Jlyg^imc,  1905,  v.  274. 
—788.  GoRDiNiER.  Med.  News,  1900,  Ixxvii.  965.-789.  Gould.  Amer.  Mcd.,  1903, 
vi.  515.— 790.  GouRAUD.  Kef.  ArcJt.  Gin.  de  Mtd.,  N.S.,  1902,  vii.  749,-791. 
Grawitz.  Dtsdi.  med.  IVchnschr.,  1901,  xx\'ii.  908. — 792.  Greene.  N.Y.  Med. 
Jirutm.,  1902,  Ixxv.  460.— 793.  Guiteras.  Amer,  Med.,  1902,  iv.  100.-794. 
Gulland.  Brit.  Med.  Joum.,  1902,  i.  831  ;  Joum.  of  Troj).  Mcd.,  1903,  vi.  277.— 
795.  GwYN.  Cntrlbl.  f.  Baktcr.  u.  Par.,  1899,  xxv.  746.-796.  Hall.  Joum 
Amer.  Mai.  Asso.,  1901,  xxxvii.  1464. — 797.  Harlow  Brooks.  Mcd.  Rcc,  N.Y., 
1900,  Ivii.  885. — 798.  Hayem  and  Neusser.  Quoted  by  Cabot,  Clinical  ExaminativH 
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HYDATID   DISEASE 
By  E.  C.  Stirling,  C.M.G.,  M.D.,  F.R.C.S.,  F.R.S.,  and  J.  C.  Vebco,  M.D.,  F.R.C.S. 

Historical. — ^I'he  history  of  the  growth  of  our  knowledge  concerning 
hydatids,  as  understood  in  this  article,  is  intimately  associated  with  tbt 
of  bladder-worms  in  general ;  especially  in  all  that  relates  to  their 
biological  aspects. 

There  is  little  doubt  that  as  a  pathological  phenomenon  hy(kti<i& 
were  recognised  by  Hippocrates.  He  writes  :  "When  the  liver  is  filled  with 
water  and  bursts  into  the  epiploon,  in  this  case  the  belly  is  filled  with 
water  and  the  patient  dies"  (16).  Aret«U8,^  who  flourished  about  the 
middle  of  the  second  century  of  the  Christian  era,  still  more  specificalk 
indicates  the  disease  as  a  form  of  dropsy  due  to  "small  and  numemai 
bladders  full  of  fluid,"  and  he  goes  on  to  speak  of  the  blocking  of  the 
cannula  by  the  bladders  in  paracentesis.  They  are  again  menticMied  by 
Galen  in  his  comments  on  the  above-quoted  aphorism  of  Hippocrates 
which,  in  his  opinion,  refers  to  hydatids. 

Evident  allusions  to  hydatids  and  other  bladder-worms  occur  in  the 
works  of  the  medical  writers  of  the  sixteenth  and  seventeenth  centurie* 
without,  however,  any  recognition  of  their  animal  nature.  Tlie  temu 
moreover,  is  frequently  applied  to  encysted  accumulations  of  water}*  fluid 
of  many  kinds.  It  was  not  until  1684  that  theanimiil  nature  of  bLadde^ 
worms  appears  to  have  suggested  itself  to  Redi ;  and  in  1685  and  1691 
respectively  Hartmann  and  Tyson  reached  similar  conclusions  apparently 
independently  of  one  another. 

Pallas  studied  the  subject  of  bladder-worms  between  1760  and  1767. 
and  clearly  recognised  a  relationship  with  taenia.  According  to  hire 
all  bladder-worms  were  forms  of  tapeworms,  to  which  he  gave  the  name 
Toniia  hjdatlgena.  He  also  recognised  that  the  livers  of  sheep  and  cattle 
contained  ]>ladders  having  characters  different  from  those  of  other 
vesicular  worms  ;  and  he  drew  important  distinctions  between  a<iheivnt 

'  The  passage  (1)  deserves  to  1k)  quoted  iu  full,  as  the  reference  to  abdoDkitial  byd.iliiU  ji>  i 
to  contingencies  that  may  arise  is  ho  precise.  *'  This  other  form  of  (lro|teiy  is  known  :  tax' 
and  numerous  bladders  are  contained  in  the  jilace  where  ascittis  is  found  ;  but  tbey  aI»o  d<-ttt 
iu  a  co})iou.s  Huid,  of  which  tliis  is  a  proof ;  for  if  you  perforate  the  abdomen  ao  &«  t^ 
evacnatt^  the  fluid,  after  a  small  discharge  of  the  fluid  a  bladder  within  wiU  block  up  U^* 
passaj^e,  hut  if  you  ])u.sh  the  instrument  further  in,  the  discharge  will  be  renewed.  Tlias, 
then,  is  not  a  mild  character,  for  there  is  no  ready  passage  by  which  tbv  blailder«  mi/M 
ese:i|te.  It  is  said,  however,  that  in  certain  cases  such  bUulders  haTe  cooie  out  by  w 
bowels." 
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serous  cysts  and  non-Jidherent  hy(lati<ls,  remarking  that  "it  is  probable 
that  the  latter  sometimes  observed  in  the  human  body  are  either  a  species 
of  vesicular  tienia  or  of  those  Hiidatiihn  diKjiikirea  that  I  have  observed 
and  described  in  the  liver  and  lungs  of  sheep,  which  ought  certainly  to 
be  ascribed  to  a  living  creature."  He  observed,  without  recognising 
thoir  nature,  the  echinococcus  heads  in  the  Uydntides  siiujuhm'ii  ;  and, 
moreover,  was  the  fii*8t  to  suggest  the  exp<^rimental  administration  of 
eggs  of  tapnia  to  animals.  His  observations  were  confirmed  l>y  Gooze  in 
17S2,  who  further  indicated  the  existence  of  the  general  membrane  lining 
the  vesicles,  and  considered  the  echinococcus  heads  to  be  ta^ni.-v. 

More  or  less  clearlv  expressed  references  to  hvdatids  in  the  human 
subject  occur  towards  tiie  close  of  the  eighteenth  and  beginning  of  the 
nineteenth  centuries;  and  in  1821  such  a  case  is  specifically  described  by 
Bremser,  and  in  the  following  year  by  Kendtorff. 

L;iennec,  meiinwhile,  having  failed  to  find  in  the  hydatids  of  man  the 
echinococcus  he^uls  with  which  he  was  familiar  in  the  hvdatids  of 
domestic  animals,  nevertheless  recognised  their  animal  nature,  and 
founded  for  them  a  se|>arate  genus  which  he  called  Acej)halocystis. 

So  far  the  exact  relationship  of  tlu;  bladder  forms  to  the  taenia  heail 
had  not  been  made  apparent :  but  a  great  imi>etus  to  our  knowledge  was 
given  in  lM42  by  the  application  of  Steenstrup's  theory  of  the  alterna- 
tion of  generations  to  the  cystic  worms.  In  the  light  of  this  discoveiy 
Dujanlin,  von  Siebold,  and  van  Bene<len  investigated  the  subject  without, 
however,  fully  appreciating  the  tnie  characters  and  relationshij>s  of  thr 
Idiulder  fonns. 

Our  systematic  knowledge  of  this  subject  may  be  said  to  date  from 
the  feeding  experiments  of  Kiichenmeister  in  1851.  By  this  means  it 
was  clearlv  demonstrated  that  certiiin  bladder-worms  are  the  larval  stiiues 
of  certain  tiipeworms.  In  the  following  year,  by  the  successful  bn^eding, 
ill  the  dog,  of  Tonin  (chinociHi-us  from  echinococcus  cysts  of  the  domestic 
animals,  a  similar  relationship  was  proved  to  exist  between  these  twc> 
fonns  bv  von  Siebold  and,  shortlv  afterwards,  bv  Kiichenmeister.  These 
experiments  were  repeated  by  Haubner,  Leuckart,  and  Nettleship.  AVith 
human  echinococci  the  experiment  failed  in  the  hands  of  Kiichenmeister 
amd  Zenker,  but  a  measure  of  success  attended  Naunyn  in  Berlin  and 
Kndibe  in  Iceland.  More  recently  similar  successful  experiments  with 
human  echinococcus  cvsts  were  earned  out  by  Thomas  in  Adelaide,  South 
Australia. 

The  converse  experiment  of  administering  the  ova  of  To  nic  echiiio- 
4'f)C(u.<  to  animals  was  carried  out  by  Leuckart  in  conjunction  with 
Haubner  in  the  case  of  the  lamb,  sheej),  and  goiit,  without  definite  results, 
though  it  is  piobable  that  even  in  these  expeiiments  migi*ation  of  the 
embryos  into  the  viscera  did  take  places ;  in  the  ciise  of  the  pig, 
however,  the  experiments  were  eminently  successful,  and  served  as  the 
bsisis  of  much  of  our  knowledge  concerning  these  parasites.  R.  Leuckart 
has  exhaustively  treated  the  whole  subject  of  human  parasites  in  his 
work    Die    Parnsnten    ih.^    MtUiichen,    putially     (188G)    translated    into 
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Knglish  by  Hoyle — a   work    which   \%   essential    to   every 
lictminthology, 

Largely  through  the  laboui'a  of  tho  investigutoi's  whoso 
been  specially  mentioned,  as  well  as  through  those  of  Litihs,  Hmlrf^ 
Waguner,  Vitchow,  Uasmiiasen,  Davaine,  Cobbold,  Busk  and  othen,  thv 
t'iewa  have  been  esiablisheit  which  will  guide  tis  in  describing  tbu  anatnui, 
aystettuitic  position,  development,  and  life-history  of  these  pgUA£it«t 

Of  the  radical  treainient  of  hydatids,  to  be  a<lvoculed  in  this  articlir, 
the  credit  belongs  to  Linderaann,  who  appears  to  have  first  opunuil  la 
this  way  in  1S7I  ;  though  no  account  of  the  oiieralioii  seems  to  Iutt 
been  published  for  Bume  years  subsciiuently.  This  pi-occdure  \ai  fcr 
some  years  been  persistently  advocated  by  various  Auatraliiui  ^urgeont, 
and  amongst  its  earliest  advocates  must  be  mentioned  the  names  of  the  laU 
Drs.  Gardner  and  Thomas  ;  it  is  now  generally  ivJopted  throufrhnut  ih* 
hospitals  of  Aiistrfdosia.' 

Blolog'y- — Many  of  the  internal  parasites  which  take  iifi  their  alwl* 
in  the  body  of  man  are  due  to  involmitwry  tmpoiiations  of  urgHtii' 
from  tlie  domestic  animals.  Amongst  these  the'  dog  \6  the  immcdi 
source  of  those  generally  known  as  hydatids.  Thi»  term,  sanctiuuHl  lit 
long  usage,  is  applied  to  the  larval  or  bladder  stage  of  Ta-nxn.  «Ai 
one  of  several  parasites  which  ara  found  within  the  alimentary  eanJ 
of  the  different  varieties  of  the  domestic  dog  and  of  otic  or  twn  iSi«A 
species. 

There  are  othev  parasites  which  exhibit  a  bladder  pbaee  of  cxistcw^ 
such  as  cysticercHs  and  ccenurus ;  but  general  custom,  in  Eitjtiiili- 
spoakiug  countries  at  any  rate,  is  inclined  to  restrict  the  term  hydatid  i' 
the  vesicular  organism  derived  from  the  ovum  of  Ttmia  trhmoeofou,  vA 
it  would  be  well  that  it  should  be  exclusively  so  restricted.  The 
lichinococcHs  {(X''™*!  *  hedgehog;  kokkos,  a  beny- — ^introdured  1if 
Rudotphi  in  ISOl),  or  Eehinocuccus  disease,  which  is  fi-ei|iient)y 
especially  by  foreign  writers,  has  undoubtedly  the  adv.uitage  of  ' 
the  zoological  relationship  with  the  mature  organism  ;  but  it  is  not  alwaj 
easy,  and  we  think  in  this  case  not  desirable,  to  dislodge  a  name  lluU 
not  only  well  eatabUshed  and  well  tinderstuod,  but  alsi<  expressive  of 
physical  characteristic.  Moreover,  the  name  Eehinococcus  is  not  almj 
used  in  the  same  signification,  being  by  some  applied  to  tho  cb»nct«risti 
bladder  itself  inclusive  of  its  contents,  and  by  others  restricted  [u  ^u 
structures  that  will  afterwards  be  described  as  scoliees  or  Bchinocaea 

iJfseiipHiin  of  llir  Adult  Ta]ieV!Onii,  Tiraia  edanoeocctti  v.Sii'bM  (F\gi.  2H 
1*17). — Defmitimi. — -A  tapeworm  of  comparatively  small  sijie  with  ustnll; 
four  j'oiiiW  ;  but  occasionally  with  three  or  five,  of  which  the  last,  wbei 

'  a..H  |i«|)ers«nd  <liH:ii*sioii«  on  "Hyluljii  I>l^wu«^•,■'  Tnnuiatliuiu  •'/  iHlnraitimM  tti^ 
lliB  AuMralaiiiai.)  iledieal  Cbnari-a  (if  Avstralaiia.  ■iai  ai>d  8nl  Nstknu.  ¥,it  ■  amh 
>ii>i]ingni|iliy  of  all  tliat  r«Utra  lothe  biolotif  oftlic  CBlode  womu,  Kv  G.  Ralludxi)  /Wia 
..f  Aniiiud  Liff,  2nd  ttditiau,  1888.  edited  by  Jacksan.  Tfie  manna)  of  Ciibiiilii  «»1  Ik 
ninni^iniph  nf  NeisMr  mlBO  uiutuin  muiy  Iriblioyraphicitl  refcrrncet  to  hyiUlid  41BOT 
IlintoriiMil  tetensmxt  iire  lo  be  found  in  the  trMtiM-<  of  Kacholiliitl«l«r  mid  Dnvunr. 
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Diature,  exceeds  all  the  rest  of  the  )x)dy  in  size.  The  total  length  is  but  a 
few  millimetres,  at  most  five.  The  small  hooks  have  stout  root-processes, 
and  are  seated  on  a  somewhat  swollen  rostellum.  Their  number  usually 
amounts  to  some  thirty  or  forty  (Leuckart). 

To  this  definition  we  may  add  that  the  hooks,  forming  two  scries  of 
fnmi  fourteen  to  twenty-five  eiich,  of  which  those  of  the  inner  row  aie 
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Flu.    214.  — /VnMiVt  «*<. 
mi(^^j(x'iMhh« win;; usual    Fio.    '.il.'i.  —  TimioL  eeki- 
<lup()Hition  of  ova  in       uttotecus  in  whicli  the 


the  terminal  He)(iueitt. 
From  nature  (x  15). 
The  small  llicun*  to  the 
>«*lt  n*pret»f;ntii  the  lif«' 
nize  of  th«  Ta-uia. 


ova  an>  aggregated  in 
the  globular  muita  at 
the  pnjxinuil  cml  of 
the  tenniiial  N«>>;mfiit. 
From  nature  (  x  2t>). 


■\ 


Fio.    2U'k  -  T.t. 
ininal  wgineiit  , 

of  Ttrnu*  txhi-  ' 

nw<»ont*     with 

ova  aggregattMi  Fi«..  'Jli.— li>aii  of  Ttm'm  tc/»»- 
at  <liHtal  «'ii(l.  in>n<et-uA  hhewiiig  ciit  W\<a  of 
From  natiin-  hiNiks  nml  tu«(  of  tli"  xurkfio. 
{ .<  2u).  From  natun-(x  17*' >. 


the  larger,  are  inserted  into  the  V)ase  of  the  rostellum  or  proboscis- 
like anterior  termination  of  the  ct»phalic  extremity,  which  in  this  species 
is  somewhat  pointed  and  prominent.  By  the  musculature  of  this  region 
the  hooks  are  moved.  They  are  further  characterised  by  the  relatively 
large  size  of  their  roots,  but  they  vary  in  this  respect  according  to  the 
age  of  the  worm  (Fig.  218).  They  are  often  found  deficient  in  numlwr. 
Behind  the  circlets  of  hooks  are  four  suckers  radially  disposed,  and  f)osterior 
to  these  the  he^d  elongates  and  narrows  to  form  a  neck.  The  next 
succeeding  segment,  or  first  proglottis,  is  imperfectly  defined ;  it  is  short, 
and  broader  than  the  neck.     The  third  segment,  or  second  proglottis,  is 
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longer  and  broitder  than  tlie  preceding,  iirirt  in  it  the  rcprothictive  'w^aw 
Ciin  ali-eady  be  distiiigiiishe<l.     The  foiirlh  oi-  ttiiiiiiiial  sef;n]eiit  xlien- 


in.    _'!!<.     ri'uk'  e.r  KrliliiiKixniH  <x   nooy     Pnnu  riMtiliialluncx  Su).     Pr-nii 

1,'liqkiitl.     A.    Er*i».v..i,i.    rM.rr-K.irrw;    B,    V.  ..jp,     cirru.    puuHi ;     c.     pri„*  ;       ,,    . ....:!,    ■ 

(cliijiwcwin,  thtnl  w™:k;  (L  7'.  B-Siiiu™*™,  Bdiilt:  ovUhict;    r.h,   nopptariilam    »»iHiiii- :  ;,:.'. 

Ii.  thf  imtlinm  'if  tlin  thiw  foriaii  dnwn  ouc  lilxwl":  nr.  tub-  iiri-liahly  Indium  \..  ut-n.-!' 

within  tliF  nthar.  In  ahniv  thpir  Knuliml  c1uui|;i'g.  (enlllaini,'  caiial :  r.  vii^iiia. 

great  increase  in  size,  and  containa,  besides  the  completely  dovi^loiH'! 
reproductive  organs  (Fig.  219),  eggs  to  a  number  estimated  at  500(Juhuf 
and  Kiichenmeister).  Usitally  the  eggs  are  distributed  tbroiighout  ili'- 
segment,  but  nomcttmes  they  are  seen  aggregated  in  a  Bj>herical  n»^ 
either  at  the  proxinvdor  distal  end  (Figa,  214 -illiJL 
The  ova  are  covered  with  a  resisting  chitiiioii' 
ciij)sule  and  contain  the  already  developed  embrti'' 
or  prctscolices  (oncospheres),  wliich  are  armed  with 
six  spines'  (Fig.  322). 

These    worms    arc    found,    often    in     immeniv 

numbers,  in  the  upper  half  of  the  small  int«stiii<^ 

of    the   dog   (Fig.    220),   where    they    lie   bnnVi! 

amongst    the    nlli    with    their    terminal    segnieiM.- 

11  or  liuo.  ""'y  exposed,   and   so  closely  resembling  the  viri 

'  *!lDI!^m  '^'^^  '^^y  '""^  "P'  ^  escajie  notice.     Under  appri' 

s  iimcouK  prtato  conditions  they  may  be  ohserveil  to  exhil-ti 

omnaiiire  activc  movements,  in  which  the  body  may  bnwlfi! 

or  become  extremely  attenuated  with  dirrespoiKiit.;: 

r  lengthening.     Their  duration  of  life  cannot  l»c  stated  witli 


shortening 

precision. 


scoltix  uid  mature  l\u&la. 


e  succvedini!,  l>«TnuiDriit   i 
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When  the  ripe  terminal  proglottides  break  off  they  are  extruded  with 
the  fajces.  Their  soft  tissues  soon  decay,  and  the  liberated  ova,  enclosed 
and  protected  by  their  resistant  chitinous  envelopes,  become  scattered 
upon  the  soil  or  herbage,  or  get  washed  into  collections  of  surface  waters. 
Under  these  conditions  the  embryos,  or  possibly,  in  certain  circum- 
stances, the  entire  proglottides,  may  find  their  way  into  the  alimentary 
canal  of  those  domestic  animals  which  are 
capable  of  serving  as  hosts  for  the  sub- 
sequent phases  of  development,  or  it  may 
be  into  that  of  man  himself.  If  so  in- 
gested, the  protecting  chitinous  envelope  is 
softened  and  ruptured  by  the  combined 
warmth  and  solvent  action  of  the  digestive 
fluids;  and  the  embryo  (Fig.  221),  thus 
set  free,  begins  an  active  life,  boiing,  or 
rather  pushing  it«  way,  by  means  of  the 
movements  of  the  hooks  (Fig.  222),  through  ^^^  fio.     •J22.  —  a 

the  gastric  or  intestinal  walls.^  No  one,  fi...  jji.-Hexacanth  h"x«caiith'eiii. 
we  believe,  ha«  actually  found  the  embryos  Z\XJL,  ^^  L'Pn'i ,.  ^11 
of  ^Vp/ziVf  ^cAmof;(?cr?/5  in  process  of  traversing:      inagiutiwi.      After     After     van 

,  I'll  1  \        ^''*"  B»MiP<ien.  lj«»n»'<len. 

these  organs,  but  this  has  been  observed 

in  the  case  of  those  of  T.  solium,  and  they  have  been  found  by  Leuckiu-t 
in  the  portal  vessels ;  it  is  also  stated  on  the  authority  of  liohde  that 
the  ordinary  form  of  echinococcus  as  well  as  the  alveolar  can  develop 
within  the  lymph- vessels.  The  size  of  the  free  embryos  is  about  three 
times  that  of  a  human  red  blood-corpuscle  or  about  0*02  mm. 

The  route  taken  by  these  active  embryos  is  still  largely  a  matter  of 
conjecture,  and  the  influences  which  may  detemiine  their  distribution  will 
be  discussed  elsewhere.  From  the  frequency  with  which  they  are  found 
in  the  liver,  it  is  reasonable  to  suppose  that  the  usual,  or  at  any  rate  a 
frequent,  course  is  into  the  portal  system,  in  which,  as  just  stated,  they 
have  been  found.  Possibly,  however,  they  may  push  their  way  among 
the  actual  or  potential  spaces  of  the  connective-tissue  elements  of  the 
body ;  or,  it  may  be,  as  just  suggested,  that  they  travel  in  the  lymphatic 
spaces  or  vessels.  Nevertheless  the  extreme  i-aiity  of  hydatids  in  the 
lymphatic  glands  and  closed  lymphatic  vessels  is  remarkable,  and  must  bo 
taken  into  account  when  we  seek  to  explain  the  distribution  of  the 
bladders  by  a  more  passive  migration ;  so  likewise  must  the  conspicuous 
preference  of  the  allied  organism  Cifsiicerms  CfUulosce-  (the  vesicular 
product  of  Tamia  solium)  for  the  brain  of  man  and  to  a  less  degree  for 
his  muscles,  and  of  Ccenurus  cerebralis  (the  bladder  stage  of  Tivnia 
ceenuru^)  for  the  brain  of  the  sheep,  where  it  produces  the  disease  known 

*  Hie  niechttnism  of  thfse  iiioveinents  in  the  «ft,se  of  the  similar  hexacanth  embryo  of 
Tonia  tlispar  is  <U*.scribed  by  van  Beneden. 

-  In  IfiS  ca-ses  tliis  i»arasite  was  found  117  times  in  the  brain,  32  in  the  muscle.*^,  9  in  thn 
heart,  3  in  the  hings,  and  5  in  the  su])cutaneous  tissue  (Osier).  For  a  detailed  account  of 
Tonia  mdiutn  and  Cf/stia.tcus  celUdosn^  see  p.  837. 
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as  the  "  gid  "  or  "  sUiggers/'  as  well  as  that  of  the  echinococcus  for  tte 
viscera,  be  taken  to  indicate  something  very  like  a  selective  affinity.  Ke 
this  as  it  may,  whatever  the  route  or  however  impelled,  the  wanderiiu: 
embryo  eventually  comes  to  rest. 

Growth  of  tlie  restiwj  Emtn^yo  or  Proscolex — Derelopnienf  of  the  Hrhvtcjyo,^ 
Bhddfv. — At  the  earliest  stages  at  which  these  resting  embryos  havel^n 
with  certainty  observed — namely,  by  Leuckart  in  the  pig  four  weeb 
after  feeding  with  ripe  pro^rlottides — they  form  solid  spherical  hoiiics 
measuring  0  25  to  0*35  mm.  in  diameter,  and  bear  a  striking  resembLimr 
to  a  mammalian  egg ;  that  is  to  say,  a  thick,  homogeneous,  transparent 
and  elastic  cuticle  oi*  capsule  (ectocyst,  Huxle}')  encloses  coai-s-iy 
granular  contents,  as  the  zona  pelhicida  encloses  the  granules  of  tbt 
yolk.  In  the  course  of  sul)sequent  development  the  proscolex  increa.v»> 
in  size,  the  external  envelope  becomes  indistinctly  laminate<l,  and  tht- 
contents  more  transparent,  owing  to  a  partial  liquefaction.  Fluid  has.  in 
fact,  begun  to  accumulate  in  the  interior,  and  the  solid  msiss  has  lieconK 
a  vesicle  with  a  gradually  increasing  quantity  of  fluid.  With  com 
paratively  slight  increase  in  the  size  of  the  vesicle  an  internal  lifiiii;: 
membrane  appears  upon  the  inner  surface  of  the  cuticle.  Thi*i  (on 
stitiites  the  germinal  or  parenchymatous  layer  (endocyst,  Huxley).  It. 
this  can  be  recognised  an  outer  ilUlefined  Layer  of  small  cells  ami  .m 
inner  containing  larger  cellular  elements  as  well  i\&  muscle-fibi-cs  ani 
calcareous  corpuscles.  The  lamination  of  the  cuticle  becomes  ni<Tt 
marked,  and  remains  always  a  conspicuous  and  characteristic  feature,  ^hil- 
its  thickness  increiises  with  age.  Meanwhile,  even  at  this  ejirly  sti^ge,  the 
I)re8ence  of  the  growing  organism  excites  changes  in  the  tissues  whkli 
harbour  it ;  thus,  by  processes  which  will  be  discussed  hereafttT,  an 
enveloping  capsule  of  coruiective  tissue  is  formed,  bounding  the  parasite-, 
externally  :  this  has  l)een  said  to  be  lined  internally  by  cellular  elemcniK 
smd  is  the  fibrous  sjic  or  adventitious  capsule. 

This  stnirture,  oftr'ii  improperly  called  ectocyst,  though  it  \^  i»  n-^ 
sense  an  organic  ]);irt  of  the  parasite,  is  nevertheless  inif>ortant  to  it  ^ 
the  inunediate  source  of  its  nutritive  supply ;  thus  from  a  z«xiloiriciil 
point  of  view  the  relationship  between  host  and  parasite  may  \>^ 
described  as  one  of  noii -reciprocal  symbiosis.  Davaine  and  other  autliOT- 
maintain  with  good  morphological  reasons  that  the  name  cyst  should  !>*' 
:i[)plied  to  this  structure  alone  :  but  this  name,  by  most  writers,  ha- 
been  attached  to  the  l)ladder-like  organism  itself;  so  that  it  is  mort 
convenient  t4)  retain  this  significtition. 

In  the  })arasite  itself  a  vascular  system  has  not  hitherto  been  recoi: 
nisod  bevoiid  doubt :  morecjver,  the  musculature  which  confers  mobility 
uj)on  some  other  larval  forms  is  scanty.  No  trace  <A  sexual  organs  exi>tv 
Amofigst  the  cells  of  tlu*  parenchymatous  layer  are  lenticular,  ]aminat«ii. 
calcareous  particles,  chief!}'  com}»osed  of  carbonate  of  lime,  which  n 
scnilde  in  many  respects  coiTcsponding  bodies  which  form  constant  ;*ri*i 
characteristic  elements  in  the  cortical  region  of  the  bod}' -parenchyma  it- 
the  fnnturc  tapeworm,  and  indeed  in  the  cestodes  generally.      Conijwnti 


IIYDATW  DISEASE 


«ith  uther  foini'*  m  tlie  blailder  stage  tliit  of  laiua  iJiiiturofxiiA  uiidi.-i- 
^oc-.  ieUti\ely  slow  gionth  but  even  when  no  more  tLan  15  to  20 mm. 
Ill  duineter  (leuckait)  or  sometimes  in  our  t-xpenence,  consiOeriibly 
lesa  111  important  de^e^OIiment  mav  be  ilreadv  in  prof,reaa  which  still 
fiirthei  distinguishes  thiu  pi  oscokx  from  other  i  irietips  of  bladder- worms  : 
tins  IS  the  formation  of  inimeious  h<,Hds  or  aculiccs 

Thi  \esicular  or  bladdei  sta4,e  of  t-enu  ma\  (i)  gi\<  rise  to  a  siiigk- 
head  tiii.  resulting  organism  ib  then  i  ctaticercus  (/)  il  may  produce 
maTi\  heads  ind  thi  lesulttng  organisms  ue  tcrme<l  cccntirus ;  or 
(  )  there  maj  be  as  in  echinococcns,  manv  heads  these,  however,  arc 
not  ptoliiced  directh  fiom  the  germinal  lajer  as  m  the  previous 
instantLs  but  direUU  fiom  special  delicate  sacs  called  broo<i-capsnIes,' 
whiih  tbi.m'telves  oiiginite  from  the  prostolex  or  blddder  worm, 

Ihrlopuenl  of  Bi  "^  ap  nk-,  a,  i  Snli  (FigB  _-M,  224).— The-e 
still  tnres  iiise  as  minute  cIe%ations  in  ceitAin  p.irt8  of  the  germimil 
[ttii    li\    piiiliferation  of  its   cells    which    accoidiiig  tti 


Mlu'atile  cilik  that  maj  persist  eien  oh  the  in  itured  capsule.  Within 
these  elevations  a  small  spheroid<d  cavity  makes  its  appearance,  gnulnally 
UKicisc^  in  bize  and  l>ecomeB  lined  intern  dly  uitli  a  delicate  cuticiilar 
meiiihrine  externally  is  a  lijer  composed  of  tells  The  wall  of  the 
iitood  Lipsule  thus  exhibits  two  distinct  Ia\ers  companble  to  those  of 
thi  mother  bladder  but  mvuied  in  i<  latne  position  which  suggests  that 
tht  bi  ud-capsule  repiesents  an  invagination  ot  the  former.  Process  and 
(,  ivit J  grow  to  three  oi  foiu"  times  their  onp,inal  diameter,  and,  when 
fidlj  grown  maj  attain  the  size  of  millet  seed  ir  iliout  \'!i  mm,  in 
diameter  Though  musciilai  hbies  have  not  Iietn  found  in  them,  the 
lirood-capsulos  exhibit  active  movements  Thoj  iie  e\trenie1y  delicaU' 
and  fragile  ind  thus  it  happens  that  unless  spccnl  caie  l>e  taken  in  the 
e^  imiiiation   or  if  the  mnti  nal  bo  stAle  the>  become  niptiired,  or  niiiy 

'  IhiH  stattn  eaU  I  pljiug  t1  t  t1  v  volices  arc  i  iii  i1  ti  Icr  I  rroiii  l>rnoil-<'ii]Khii1i-s. 
Ilioigh  geninlly  oll  ]rtt  i  |rolmll\  kob<  too  fnr  aiKl  i  nv  lisw  to  In  rwiniHiJirwi.  \Vi- 
!  i\e  hul  tbo  u]  jHirtuiiity  nt  ix  i  ii  ing  n  upeJuLn  uliKh  Hlicwtnl  tnnr  litaiLK  !i|)routhi}: 
lirwU}  from  tlie  geiiiiiiial  iiihii  hraiiL  or  ui  evottenDiitlt  lev  lo{«il  Uufthlcr-cyst  (luiiiianl. 
I'f  n  .  lie  kxh  than  1  iiini.  iii  ilUliietrr  uniBllrr.  Id  furl,  thiui  a  In-ool  i  niwiiU — uii<l  posse"— 
hit!  ft  roliitiv^ljr  thick  entitle.     Ijtiickart  nttn.  to  Mmiliir  oWn'Bllon.". 
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even  escape  observation  altogether.  This  has  led  to  the  vie\%"  thai  iL« 
connexion  between  the  heads  and  brood-capsules  is  only  temponir\\  .iL'I 
that  after  separation  the  living  scolices  may  float  free  in  the  fluid  of  iht 
mother  bladder.  Leuckart,  however,  insists  that  all  parts  of  tht 
echinococcus — mother  bladder,  brood-capsules,  and  heads — are  through*  lUt 
life  in  direct  continuity  with  each  other,  and  we  believe  that  hr  b 
correct. 

A  head  (scolex)  first  appears  as  a  discoidal  thickening  in  the  w^Ul  of 
tlie  brood-capsule,  which,  relatively  to  the  latter,  grows  into  an  tx 
ternally  situated  club-shaped  process  perforated  longitudinally  hv  a 
canal  -  like  continuation  of  the  interior  cavity  of  the  l)rood  -  capsule. 
Though  thus  appearing  as  an  external  protrusion  of  the  brood-cai»sule, 
it  may  at  times  be  temporarily  inverted,  and  indeed  is  frequently  found 
so.  At  the  bottom  of  the  distal  end  of  this  hollow  protrusion — nanjely, 
at  that  which  is  farthest  from  the  point  of  its  attachment — the  (lis 
tinctive  elements  of  the  scolex — the  suckers  and  hooks  ^ — are  forme«l 
the  latter  appearing  as  a  thick  fringe  of  prickles  which  siibseijuently  .ill 
disiippear  except  the  foremost  rows. 

Histological  differentiation  progi-esses,  and  muscle-fibres,  vess4*K  aii'l 
calcareous  particles  become  cAndent.  At  this  stage  the  head  as  a  whol'* 
becomes  permanently  inverted  into  the  cavity  of  the  brood-capsule  :  th^ 
contiguous  walls  of  the  hollow  bud,  and  of  the  still  hollow  suilk  U 
•which  it  is  attached,  fuse ;  the  scolex  thus  becomes  a  solid  body  attacht^l 
to  the  interior  of  the  brood-capsule  by  a  slender  muscular  stalk.  Tli'- 
anterior  portion  of  the  head  which  bears  the  suckers  and  hooks  m;i\, 
however,  be  invaginated  within  the  remainder  or  hinder  part,  and  ni;iy 
remain  so  for  some  time. 

The  views  here  adopted  of  the  growth  of  the  heads,  often  given  hi 
his  own  words,  are  those  of  Leuckart,  who  insists  on  the  points  that  iIk^ 
scolices  originate  normally  from  the  exterior  of  the  bro<Ki-caf>sules  aii'l  .i> 
hollow  buds,  in  contradistinction  to  the  views  of  other  writei-s,  who 
maintain  that  they  arise  from  the  interior  or  as  solid  bodies. 

In  this  way,  by  successive  development,  heads  of  different  ages  to  the 
number  of  ten,  fifteen,  or  twenty  may  come  to  lie  within  one  capsule. 
In  the  case  of  large  bladders  the  included  capsules  may  increase  to  the 
nunilier  of  many  thousands. 

The  young  scolex,  in  the  stage  which  it  has  now  reached,  ha>  .t 
spheroidal  shape  of  about  018  mm.  in  diameter.  As  Leuckivrt  remarks, 
it  bears  a  striking  resemblance  to  a  vorticella  with  its  ciliary  cin.*let 
retracted  ;  and,  as  several  heads  are  frequently  seen  in  a  group  attiuht*"! 
by  their  slender  peduncles  to  a  portion  of  the  collapsed  or  rupturetl 
brood -capsule,  the  further  resemblance  to  a  colony  of  these  animals  is 
(equally  remarkable.  In  the  depression  left  by  the  invagination  of  tlie 
anterior  extremity  within  the  rest  of  the  head  are  the  suckers  and  the 
rings  of  booklets,   which   can   be  seen   shining  through  its  translucent 

'   It  will  lie  understtxxl  that  the  origiual  eiiihryonic  spines  of  tlie  emlnyo  or  jiroscil'-i 
Ix'corne  disjlocated  jiml  c1isa}>pear  at  an  early  stage  of  development  into  the  ^daddcr  lunn. 
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tissue  (Fig.  215);  under  cci-tain  conditions — that  JK,  bj-  gentle  wamiiny  of 
the  natural  fluid  of  the  bladder — the  heads  may  be  made  to  exhibit 
movements,  evaginate  the  retracted  portion,  and  assume  an  extended 
form  with  a  length  of  03  mm.  In  this  state  they  have  the  shape  repie- 
sented  by  Fig.  2i6,  in  which  a  partial  constriction  divides  the  head  into 
an  anterior  and  a  posterior  part.  A  small  pit  at  the  hinder  end,  which 
receives  the  attachment  of  the  stalk,  remains  visible  for  some  time  after 
separation  from  the  latter. 

The  booklets  have  a  general  resemblance  in  form  and  arranf,'emerit3 
to  those  of  the  head  of  the  adult  worm,  differing  only  in  the  shorter 
ajid  more  slender  shape  of  the  roots  (Fig.  :il8).  In  fact  the  description 
of  the  head  of  the  adult  worm  may  stand  for  that  of  the  scole.t  in  the 
stage   of  development   which   it  has   now  reached.     On   reaching   the 


intestine  of  the  dog,  or  other  suitable  host,  the  proglottides  of  the 
strohila  or  sexual  worm  are  successively  formed  by  a  process  of  lengthen- 
ing of  its  [xistenor  end  accompanied  by  transverse  segmentation.  The 
whole  course  of  development,  from  the  scolex  condition  to  that  of  the 
adult  worm,  probably  occupies  from  four  to  eight  weeks. 

Foinuilioit  (/  Daughter  Bladilr-rs. — The  hydatid  bladder,  as  we  have 
traced  it,  consists  of  a  single  simple  sac  or  mono-cyst,  which  may,  how- 
ever, attain  an  enormous  size,  bearing  on  its  internal  surface  brood- 
capsules  which  contain  scolices  in  varying  number  and  stages  of  develop- 
ment. This  fornx  has  received  the  name  ot  EehinoccKcuK  irteriturriiiii  ;  but^ 
in  our  experience  in  Australia  it  is  not  common  in  the  domestic  berbivora, 
while  it  is  frequently  found  in  man.  There  may,  however,  be  a  greater 
degree  of  complexity  in  its  structure  in  which  secondary  and  completely 
sepan)t«d  bladders  may  be  formed ;  anil  these  may  either  lie  inside  or 
outside  the  primary  or  mother  cyst. 

The  varied  forms  of  cchinococcus  bladders,  recognised  by  the  uppli- 


986  SYSTEM  OF  MEDICINE 


cjition  of  the  term  E.  pohj(n<»yhiLs  Diesing  as  one  of  the  syiionynLs,  Vx- 
led  to  the  establishment  of  a  number  of  names  based,  in  some  case?  "i 
views  of  specific  distinctions  that  have  proved  to  be  mistHken,  in  <»th»'!^ 
\x^n  differences  in  their  niixle  of  proliferation.  These  synonyms  ha.' 
become  very  confusing,  and  it  would  be  well  if  they  were  abolishe<l.  i: 
least  in  medical  treatises.  Being  convinced  of  the  specific  identity  "f 
all  the  ordinary  forms  of  cystic  hydatids,  we  propose  to  adopt  one  nam* . 
Erhinococcvs  hydatidosus  Leuckart,  or  its  anglicised  equivalent,  for  all  tbr 
vesicular  products,  of  whatsoever  outward  form,  of  the  egg  of  To^" 
er/iinococcus  von  Siebold,  using  the  qualif^'ing  term  simply  to  desigim:? 
single  cysts  uncomplicated  by  the  presence  of  daughter  bladders  :  whiK, 
if  the  latter  have  been  formed,  endogenous  or  exogenous  will  sufficieutl 
explain  the  direction  in  which  these  have  grown. ^  For  the  i»rej«eii: 
the  peculiar'  form  KrMnocnmis  ifhroJaris  is  left  out  of  consideration  ifi- 
p.  1029). 

The  former,  or  endogenous,  type  is  that  which,  in  our  ex|»eneiu». 
occurs  in  man,  and,  we  may  add,  in  apes,  with  by  far  the  greatest  frefiuemy 
and  almost  to  the  exclusion  of  other  hvdatidose  fonns  in  the  vLscont  - 
indeed,  it  was  originally  named  E.  hondnia  by  Kudolphi.  The  secontUn 
bladders  arise  (1)  from  vesicular  transformation  of  echinoc<»ecus  heiul- 
(scolices),  which  may  be  either  floating  free  in  the  fluid  of  the  pimit 
bladder  or  still  contained  within  brood-capsules  ;  (2)  from  n  similar  tmn- 
formation  affecting  the  broofl-capsules  themselves  ;  or  (3)  i>y  a  pnict^-. 
resting  chiefly  on  the  authority  of  Naunyn,  which  begins  with  a  collar -«  "f 
the  original  bladder  from  loss  of  some  of  its  flidd,  so  that  surfaces  furiuerl} 
separated  come  in  contact  and  l>ecome  adherent.  The  daught^i*  bladder^ 
are  formed  by  the  metamorphosis  of  portions  of  the  parenchymal  layer  which 
surround  themselves  1>y  concentric  chitinous  lamellae,  and  }>ecome  hollow 
and  filled  with  fluid.  The  process,  as  Leuckait  remarks,  bears  a  d'-s* 
resemblance  to  the  meth<xl  of  exogenous  budding  to  l>e  next  desorilxni 
In  any  case  separate  secondary  or  daughter  bladders  are  fornuHi  whid 
lie  within  the  parent  cyst,  and  they  correspond  to  them  in  structure  ami 
behaviour,  and  many  likewise  give  rise  to  brood -cai)sules  an<l  scc»licer 
By  a  resumption  of  the  metfimorphoses  which  have  been  de^cnbed,  ih» 
daughter  bladders  themselves  may  bud  endogenously  or  exogenously, 
and  thus  produce  a  third  or  even  a  fourth  generation  within  or  \n*thoiii 
tlu'mselves,  the  whole  brood  being  contained  within  the  motl:«^r 
bladder. 

The    exogenous    type,    also    occui-ring    frequently,    like    the    sim]»l' 
bladder,    in  the    domestic    animals    and    especially  in    the    pig,  is   If-i^^ 

'  Without  inteinling  to  rcviow.  con ipreheiisively,  tht*  whole  .sjtioiiymy  of  i-ibiiH"*-- •" 
IjlaiMers,  we  iiiuy  liere  give  i\w  lutines  that  ai-e  most  frequently  in  evidence  iu  iiio«iein  work*. 
To  the  typo  of  bla«Uier  which  is  either  simple,  or  which  gives  rise  t<»  tlanphttr  M.+Mf- 
e\o^'«'ii()Usly  pro«luct*«l.  tin*  following  names  have  Ijeen  applied  or  projwseil  :  /;.  r»•/*'^/^'."" 
I?u<l«>lphi.  K.  .sn^lUtfHiricns  Kiiehennieister.  K.  ijranvtosus  Jxiuckart,  K.  simjde.>-  \a'\x:V^t\, 
E.  •  i-injcnns  Knlm.  A',  rf/s/ici's  frrfifi^  Hraun.  To  the  form  producing  internally  dt-vrLtrJ 
<hini;hter  blatlders  :  A.'.  Ao»< ////.*  Rudolphi.  A*,  alt n'cijK'rinut  Kixvhenmei^iierf  E.  huff^^iuf**  t 
F.t'Ui-kart,  K.  eynhnfemfs  Kuhn. 
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iiinn,  thoug)i  ill  him  it  in  the  foiTa  iiauully  found  in  Ixmi;, 
while  it  occurs  also  in  the  lu-aiii  iinU  other  extra-rlRcenil  localities. 

In  this  form  the  sec<>iid;iry  bladders  arise  from  eniiill  };t'<iniilar 
ntassex  which  appear  in  the  deeper  layer 
of  the  cuticle  of  tiie  mother  cyst,  though 
probably  tliej'  are  actually  derived  fi'om 
the  iKtrenchymal  layer.  These  attsitme 
a  special  cuticular  covering  of  their  own, 
and  their  central  pails  I'Icar  iij)  mid 
Iif|iiefy.  With  the  continueil  eeiitri- 
]>ciii!  fomiation  of  neiv  layei-s  in  the 
cuticle  of  the  mother  bliulder.  ;ind  the 
nipture  of  it«  outer  liiyei's,  these  iicn- 
forniations  gradually  make  their  way 
eiftemally,  as  completely  separated  sacs 
undergoing  their  siilisec|Uent  develop- 
ment outside  of  the  mother  bhidder,  and 
tisiuilly  cloKc  to  it. 

Soraetinies  the  exogenous  ouigi-owths 
may    iiivi^^inate    themselves    into    the 
IKirent  cyst  and  appetir  as  if  they  had    j 
ln'cri   endogenoiisly   jimdiiced.      If   this 
]iir>ee9S   have    lieen    fi-ecnu?iiily    repeated 

the  original  bladder  may  become  packed        MuiHtiif  «*   "uiEFiiani'    uuturaHiho. 
with  internal  cvsts  really  of  e.\ogenoiiE  ■"""»  iirr.    v.  .. 

origin,  and   the  section   of   such  ii  formation   [iresentA  a   labyrinthine 
ajipeiirance  nf  septa  and  loculi,  in  short  a  multiloculnr  arrangement. 

Another  special  develojimcnt  of  exogenous  growth  constitnt«s  what 
we  may  tenn  the  "  bunnwing '"  type  tif  hydatid,  which  hae  l»een  eometimes 
confounded  with  the  triu'  areolar  form.  This  variety  occurs  extra- 
vjscerally,  is  not  met  with  in  children,  and  fortunately  is  not  commou  in 
aihilte.  It  is  characterised  by  a  moi-c  or  less  exiilwrant  exogenous 
I'roliferation  of  cystx,  whii'li  make  their  way  along  the  fascial  planes  of 
the  host  and  may  thus  trinel  ti)  a  considei-able  distance  from  the  original 
nidus  of  the  p>krasite.  The  conditions  which  give  rise  to  this  manner  of 
growth  may  probably  Ih'  thus  e.Yplained.  In  those  situations  where, 
surrounded  by  a  soft  ixircnchymatous  and  vascular  tissue,  such,  for 
instance,  as  the  liver  of  a  child,  growth-exjiansion  is  relatively  easy  and 
nutritive  supply  ample,  the  endogenous  type  obtains.  Where,  on  the 
other  hand,  the  storage  caixictty  is  limited  and  the  resistance  to 
e.\|utnsion  considerable,  as  in  the  confined  sjNices  of  cancellous  bone,  the 
symbiotic  comlitions  arc  less  favounible  to  the  parasite,  and  it  is  ilriven 
into  a  struggle  for  existence.  In  these  circnmstiuices  the  parasite 
atttimpts  to  etfect  its  growth  by  exogenous  prolifei'ation. 

A  similar  response,  under  similar  conditions,  is  seen  in  those  cases  of 
visceral  hydatids  of  the  en<logenous  type,  where,  from  some  cause  or 
another,  the  adventitious  capsule  shrinks  and  acquires  a  leathery  consistence 
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ov  even  undergoes  a  considerable  amount  of  calcification.  These  coiiditi^jiis 
also  constitute  a  mechanical  impediment  both  to  active  expansion  fruiii 
within  and  to  osmosis  from  without,  and  the  parasite  may  then  fall  int- 
a  sluggish  or  inactive  phase  in  which  it  may  remain  quiescent,  but  2X\\<. 
as  long  as  the  life  of  its  host.  Or,  on  the  other  hand,  some  crvi)togtiii« 
pus  infection,  injury,  surgical  intei^ference,  or  bile  irruption  may  at  a:iy 
time  kill  it  outright  or  initiate  those  suppurative  processes  which  hnnu 
matters  to  a  crisis. 

During  this  inactive  stage  of  indeterminate  duration  of  a  |iarasite  .; 
non-lethal  injury  may  evoke  a  response  in  the  form  of  exogenous  pr- 
liferation  that  may  even  proceed  to  such  an  extent  that  it  assumes  tb 
burrowing  type.  Probably  such  an  event  must  be  reckoned  as  oue  if 
those  causes,  observed  elsewhere,  which,  it  is  suggested,  iiiay  give  rise  to 
the  frequently  observed  cases  of  multiple  hydatids  of  the  onientimi  ani 
peritoneum. 

It  is  thus  that  skeletal  hydatids  that  have  existed,  perhaps  for  y«arN 
in  a  sluggish  state  giving  rise  to  vague  rheumatic-like  i)iiin8  may  Ke 
quickened  into  an  active  life  by  a  spontaneous  fracture  or  by  some 
inadequate,  and  often  ill-advised,  surgical  interference  such  iis  curettiiii:. 
In  such  circumstances  the  parasite  may  grow  actively  and  continuou>ly 
with  the  formation  of  innumerable  small  bladders  causing  great  destruction 
of  osseous  and  other  tissue.  Moreover,  the  exogenous  brood  may  Iw.e 
become  so  numerous  and  have  travelled  so  far  from  their  original  parent 
that  it  is  impossible  for  the  surgeon  to  l)e  certain  that  he  has  remuvf  i 
them  all.  If  any  cysts  should  have  been  left  behind  they  will,  in  their 
turn,  produce  a  fresh  crop  requiring  further  operation,  and  so  on.  In 
hydatids  of  bone,  consequently,  amputation  will  generally  be  found  to  i* 
the  necessary  treatment.  Such  a  type,  therefore,  from  a  clinical  point 
of  view  well  merits  the  term  malignant  hydatid  disease,  and  we  h;uc 
dealt  with  it  at  some  length  on  account  of  its  clinical  imiK)rt. 

Though  we  have  distinguished  between  these  three  varieties — the 
simple  cyst  and  those  proliferating  endogenously  or  exogenoiisly — yet  i'^ 
must  be  remembered  that  the  distinction  is  not  absolute.  Between  th** 
simple  single  cyst  and  one  densely  packed  with  countless  daughtrr 
bladders  every  degree  of  complexity  in  the  contents  is  met  with,  ainl 
the  same  primary  bladder  may,  at  the  same  time,  shew  both  the  end»^ 
genous  and  the  exogenous  methods  of  proliferation.  An  example  of  this 
is  shewn  in  Fig.  227,  where  a  visceral  hydatid  of  the  endogenous  ivj«? 
has  given  rise  to  exogenous  buds.  So,  too,  in  the  hydatids  of  bcnif, 
where  the  favoured  type  is  exogenous,  it  is  found  that  when  by  pentii « 
tion  of  the  osseous  su))stance  the  parasite  can  extend  itself  into  inter 
muscular  septa  or  other  potential  spaces  these  extensions  aiv  apt  i*\ 
though  they  do  not  always,  assume  the  endogenous  habit.  A-  a 
practical  rule  we  may  assume  that  hyflatids  of  the  Hseem  in  \\u\i, 
which  are  those  of  most  frequent  occurrence,  are  of  the  endo^eTi"iis 
form  ;  while  in  bone  they  are  usually,  and  in  the  brain  and  other  e.xtiti- 
visceral  localities  frequently,   exogenous.     While  it  is  rarely  possible  lo 
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distinguish  clinically  between  these  varieties,  yet  from  the  point  of  view 
of  o|)eration  it  is  a  very  much  easier  and  simpler  matter  to  deal  with  a 
single  bladder  with  its  self-contained  contents  than  with  an  aggregate 
of  many  separate,  and  sometimes  widely  separated,  cysts  that  have  been 
formed  by  exogenous  growth,  and  this  is  especially  tme  in  that  class 
of  hydatid  to  which  we  have  referred  \\&  the  burrowing  type. 

The  rarer,  more  dangerous,  and  less  understood  fomi  of  parasite 
known  as  Erhinococcus  alveohms  sire  multilocvlaru  —  alveolar  or  multi- 
locular  hydatid — differs  in  so  many  imporUmt  aspects  from  the  hyda- 
tidose  kinds  that  it  will  be  necessary  to  deal  with  it  in  a  separate 
section.  We  may,  however,  observe  in  this  place  that,  in  view  of  its 
many  striking  differences,  both  pathological  and  clinical  and,  probably, 
zoological,  which  distinguish  this  variety,  it  is  unfortunate  that  the  term 
multilocular  has,  by  long  usage,  become  identified  with  it.  There  are 
hvdatidose  echinococci  which  are  multilocular  in  the  literal  sense  of  the 
Avord,  and  have  nothing  in  common  with  the  alveolar  hydatid  save  that 
they  are  both  many-chambered.  It  would,  therefore,  be  advisable  not  to 
use  this  name  as  a  specific  synonym  for  the  alveolar  form,  which  would 
then  be  known  solely  as  the  Echinocoa'us  alreolaris.  The  term  multi- 
locular might  then  be  retained  in  its  proper  signification  as  simply 
descriptive  of  a  many-cLambered  chamct^r  in  whatsoever  form  of  parasite 
this  feature  might  occur. 

Sterile  llyilatiils. — Some  hydatids  contain  no  scolices,  and  the  absence 
of  scolices  is  frequently  iissociated  with  the  absence  of  daughter 
Madders  —  they  are  in  fact  sterile,  and  constitute  the  structures 
desciibed  as  acephalocysts  by  Laennec.  We  cannot  enter  into  a  dis- 
cussion of  the  manifold  causes  of  this  sterility,  the  frequency  of  which 
may  easily  be  exaggerated  from  failure  to  find  the  eAidences  of  reproduc- 
tion. Juvenility,  senility,  inherited  debility,  and  degenerations  in  the 
panisite  itself  are  conditions  which,  as  in  other  organisms,  may  play 
their  part;  but  probably  the  supply  of  nutriment  is  the  chief,  the 
vascular  and  other  conditions  of  the  adventitious  sac  or  of  the  sur- 
rounding tissues  being  important  factors  in  this  respect.  Thus,  certain 
pedunculated  hydatids  of  the  peritoneum,  which  are  attached  to  the 
mesentery  by  extremely  long  and  attenuated  pedicles,  have  been  found 
sterile  or  nearly  so.  On  the  other  hand,  if  the  production  of  daughter- 
cysts  be  taken  Jis  evidence  of  fertility,  it  is  remarkable  that  in  the  case 
of  a  hydatid  bladder  found  lying  free  and  naked  in  the  peritoneal  cavity 
these  structures  existed  in  abundance.  Again,  hydatids  in  the  brain 
are  said  to  be  more  frequently  stenle  than  in  other  parts  ;  this  may  be 
related  to  the  occasional  absence  of  the  adventitious  sac,  or  to  a  tenuity 
of  it  so  extreme  that  it  is  unrecognisable  ay  a  separate  stnicture.^ 

Conditions  Determining:  the  Prevalence   of   Hydatid   Disease.'-' — 

^  Scolice>  or  liooklets  were  ol)j*erve(l  in  eighteen  out  ot  uiuety-seven  casf«  of  hydatids  of 
the  hrain  (47). 

-  It  will  W  understood  that  this  section  refers  to  the  hydatidose  form  only. 


The  p&rta  pUyed  by  the  dog  on  tbe  utii'  huiid,  nmi  by  man  and  ifai 
domestic  ungulates  on  the  other,  have  beiai  more  precisely  indiciileil  ii 
the  paragraphs  rela^ting  to  the  life-hialory  of  the  pantsile.  The  iiiM- 
veiition  of  iinimals  bo  closely  associated  >vitli  tiiv  domestic  and  ecouumk' 
life  of  man,  as  essential  factors  in  the  genesis  of  a  serious  hunuu 
disease,  thus  becomes  a  matter  of  prime  impoitance-  It  is  iioc«ss»rT, 
therefore,  to  examine  more  closely  the  experimental  and  otbur  cvidrni* 
which  has  not  only  led  us  to  connect  the  prevalence  of  the  (liscuur  ii 
mat!  with  the  dog  and  the  domestic  anitnidii,  but  has  also  furtusbtnj  a: 
\rith  precise  biological  results. 

So  far  as  is  known  the  Taniii  echvm'i'fciiit  has  only  Iteen  fotuid  m  tbi 
domestic  dogs,  the  wolf  (Cobbold),  the  jackal  (Panceri),  and  the  Aiutraliui 
wild  (log  (Canis  dingo)  (von  Linstow).  Tills  last,  however,  is  probsUy 
not,  by  itself,  a  factor  of  great  importance  in  the  prevalence  of  hydstiil 
disease  in  the  Australian  Btates  ;  for  though  pure-bred  dingos  are  aoate- 
times  kept  in  domesticity  by  the  aboriginals,  they  are  only  lo  be  nu4 
with  in  far-outlying  districts  where  the  white  population  is  scanty, 
the  other  hand,  many  parte  of  the  couiitiy  are  overrun  with  the  hybrid* 
resulting  from  the  crosses  between  the  dingo  and  various  breeds  'f 
domestic  dogs,  and  in  these  there  can  lie  no  doubt  of  the  presvnue  of  the 
tapeworm,  Tiie  assertion  of  an  eminent  helniinihologist  (Kui-hanmeiaier) 
that  man  himself  may  be  the  host  of  this  Taenia  remains  unsupiHined 
As  the  wolf  and  the  jackal  are  not,  a^  a  rule,  brought  int<j  rektiw 
with  man,'    the  domestic  dog  remains  as  the  chief  host  of  the  HXiul 

On  the  other  hand,  the  bladder  stage  of  the  parasite  is  much  n 
widely  distributed ;  it  hus  been  found  in  man,  various  kinds  of  monkr>^ 
lemur,  i^heep,  ox,  pig,  deer,  camel,  giraffe,  hoi-se,  ass,  zebi^a,  kongamv 
s<iin['re1,  seal,-  cat ;  it  has  also  been  found  in  the  turkey  and  |>etMxX'k.* 
Of  domestic  animals  the  shee|>,  ox,  and  pig  are  the  principij  inter- 
mediate hosts  of  the  larval  or  bladder  stage,  and  of  these  tliere  caj 
think,  be  little  doubt  that  the  sheep  occupies  the  predominant,  phuv  u 
the  priiiL-ipal  source  of  supply  of  the  bladder-worms  to  the  Jog.  Thif 
point  will  lie  further  dealt  with  in  connexion  with  the  geographieal  di»tri- 
billion  of  hydatid  disease. 

tt  has  been  proved,  by  feeding  experiments  conducted  with  all 
necessary  precautions,  that  hydatid  bladders  or  scolices  from  sh«ep  U 
cattle  when  administered  to  dogs  produce  7'irnta  echinoa/cctu — and  Tat 
••■chiiweoccajf  only — in  the  intestines  of  the  latter.  Similar  resnlta  hats 
followed  the  administnition  of  hydatids  or  scolices  obtained  from  i 
It  has  been  also  experimentally  proved  that  proglottides  or  ova  of  Tnit 
eehiiwciireas  administered  to  some  at  least  of  the  domestic  animals  ffv* 
rise  to  bladder- worms. 

'  Sir  P.  MftDsoii  Iiiu  poiulcd  nut  that  In  liiiiiik  (wlmre  bydatJil  iIuwm  u-  nuv)  tha  >M 
ik  in  tntinukte  nlntioii  wUb  niiui,  Iwuig  a  voiuilaut  linitur  lu  hU  towua  uid  villKgu. 

'  A  upre'ua  oT  A  Tc/oajAiiluM  that  ili«il  ill  tbe  ZooIokIuiiI  GKnluiu.  Addvdc. 

'■'  A  very  enplouH  luit  of  the  mrioiis  liHliDintJiic  paniBlteH  roimd  in  iliflvivut  ■TiiaA 
ipvea  in  rou  Liiutow's  ComjitiiJuim  drr  BAninOieliigie,  IS7B,  with  Sn|ipleau:ut,  IMH 
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The  conditions  favourable  to  the  prevalence  and  sprejwl  of  hydatid 
disease  appear,  therefore,  to  be  the  following : — 

1.  A  sufficiency  of  dogs  infected  with  Tonm  ecJiinm-orrus^  by  which 
means  the  supply  of  ova  is  kept  up.^ 

2.  Many  animals,  such  as  the  domestic  herbivora,  i>articularly  sheep, 
cajMible  of  serving  as  the  intermediate  host  of  the  bladder-worm. 

3.  Conditions  favourable  to  the  entrance  of  the  taenian  ova  into  the 
alimentary  canal,  either  of  man  or  of  the  ordinary  intermediate  hosts. 

4.  Facility  of  access  of  dogs  to  the  carciises,  or  hydatid-containing 
organs,  of  the  intermediate  hosts,  such  as  the  domestic  herbivora,  by 
which  means  the  supply  of  Tienuc  erhinocorais  is  kept  u|). 

So  fur  as  they  go,  stiitistics  shew  that  these  prescribed  conditions  are 
iictually  fulfilled  in  localities  where  hydatid  disease  is  most  prevalent. 
As  will  be  seen  later,  Iceland  and  Australia  stand  out  pre-eminently 
in  this  respect,  especially  certain  parts  of  the  latter. 

An  estimate  of  the  numl^er  of  dogs  to  the  po{)ulation  in  various 
lociUities  gives  for  England  one  dog  to  fifty  inhabitiints  ;  for  France  one 
to  twenty-two  ;  Belgium  one  to  eighteen  ;  Iceland  one  to  eleven  (35),  a 
proportion  for  the  latter  country  increased  by  Krabbe  to  one  to  three 
or  five  inhabitants.  The  essential  point,  however,  is  not  so  much  the 
number  of  dogs  as  the  number  infected  with  the  Taenia,  and  in  this  respect 
there  is,  of  course,  much  greater  uncertainty  ;  but  of  100  dogs  examined 
by  the  last-named  observer  in  Iceland  twenty-eight  were  found  to  contain 
them. 

To  the  influence  of  the  other  factor  concerned  in  the  ciiusation  nf 
hydatid  disease  in  man,  viz.  the  echinococcus-bearing  herbivora,  we  shall 
return  after  speaking  of  its  geographical  distribution. 

In  Australiji,  though  an  estimate  might  be  made  of  the  number  of 
do28  registered  in  thci  settled  districts  undei*  the  various  Dog  Acts  of  the 
colonies,  such  a  record  would  leave  out  the  enormous  number,  both  in 
settled  and  outlying  districts,  which  does  not  come  under  this  head. 
Therij  is  no  doubt,  however,  that  the  projwrtion  of  dogs  to  population 
is  very  grcivt,  and  possibly  exceeds  that  of  Iceland  ;  but,  as  already 
jK)intcd  out,  the  real  factor  for  the  spread  of  the  disease  is  not  the  abso- 
lute number  of  dogs  but  the  number  that  have  become  infected  with  the 
tapeworm,  and  it  is  certiiin  that  a  very  large  proportion  come  under  this 
category.  Thomas  indeed  found  that  of  the  unregistered  dogs  in  and 
ai'ound  Adelaide,  South  Australia,  40  per  cent  were  thus  affected.    , 

A  more  accurate  estimate  can  be  made  of  the  number  of  sheep  and 
cattle.  The  official  returns  of  the  various  colonies  shew  that  in  189  "J 
there  were  in  Australia  as  a  whole  about  3000  sheep  and  300  horne<l 
cattle  for   every  100  inhabitants.     No    data,-  however,  exist   for   any 

^  ANIieii  Wf  reiiieiiilxjr  that  a  single  <loj(  iiuiy  contuiu  many  thousands  ul  T\«uia;,  ami 
that  I'acli  HUcci'ssivfly  ri|)c  proglottis  holds  koiuc  humlreds  of  eggs,  it  will  Im-  simiii  how  with- 
may  Ik*,  the  uiva  of  di.stribiitioii  of  the  latt^T  by  one  host. 

-  Kroni  investigations  made  while  this  article  is  glassing  throuffh  the  proKS,  w<*  :ir(> 
{troluihly  within  the  mark  in  saying  that  in  the  Houtheni  \mrU  of  South  Australia,  at  Iea>t, 
r>0  i^sr  cent  of  old  Merino  sheep  are  atiected  with  hydatids. 
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precise  statement  of  the  proportion  affected  with  the  bladder- wonn,  ''>;.: 
it  is  certainly  large.  Of  50  sheep  examined,  22,  or  44  per  cent,  were 
found  infected  in  one  or  more  organs. 

We  shall  now  consider  the  conditions  which  favour  the  eiitrancT  ui 
the  taenian  ova  into  man  or  the  domestic  herbivora,  and  conversely  of  tht^ 
bladder- worms  into  dogs,  as  they  exist  in  Australia,  with  which  wuintrT 
we  are  most  familiar. 

Tlie  explored  parts  of  the  country  are  stocked  more  or  less  hea\'il} 
with  sheep  and  cattle  :  many  districts  are  overrun  by  dogs,  not  only  bv 
the  dingo,  but  by  domestic  dogs  that  have  "  gone  >rild,"  and  by  cross 
breds  resulting  from  the  interbreeding  of  these  among  themselves  aihi 
with  the  dingo.  Large  packs  of  such  mongrels  accompany  everj 
wandering  band  of  aboriginals.  The  result  is  that  an  enonnoii» 
destruction  of  stock  takes  place  in  spite  of  the  costly,  though  too  oft^n 
spasmodic  efforts  in  the  direction  of  "  vermin  destruction  " ;  ^  it  mu^ 
be  remembered  also  that  the  kangaroo  is  an  intermediate  host,  but  it* 
numbers  have  so  largely  diminished  in  recent  years  that  it  c:mnot  n^w 
be  a  factor  of  importance. 

Moreovei-,  and  this  is  a  matter  of  great  consequence,  in  the  nciniij 
of  bush  habitations  the  offal  of  the  carcases  used  for  food-supply  is  loo 
often  carelessly  thrown  aside,  and  affords  frequent  opportunities  for  the 
bladder-worms  to  reach  the  intestines  of  the  dog  ;  the  abundant  ova  of 
the  resulting  tapeworm,  deposited  with  the  faeces  on  the  ground  or  herK 
age,  or  reaching  the  water-supply,  may  in  their  turn  find  their  way  into 
the  bodies  of  the  intermediate  host. 

In  the  water-supply,  in  fact,  we  probably  have  the  explanation  i«i 
the  chief  source  of  infection  of  man  himself.  In  many  parts  ••t 
.\ustralia  this  consists  largely  either  of  permanent  swamps  (as  in  cerUin 
parts  of  Victoria  and  South  Australia  where  hydatids  are  particularly 
common),  or,  more  frequently,  of  water -holes,  natiu'al  clay-piins  or 
excavated  reservoirs,  all  of  which,  after  rain,  receive  the  washings  nf 
the  suiface.  Not  only  do  the  dogs  have  access  to  these  sui-face  collei" 
tioiis,  often  obviously  contaminated,  but  the  water  is  drunk  both  by 
man  and  beast — by  the  former,  frequently  and  sometimes  of  nece*ijity. 
without  precautions  to  reduce  the  risks  of  infection. 

Again,  the  use  of  imperfectly  cleansed  raw  vegetables,  in  placi> 
where  these  are  liable  to  be  contaminated  by  the  excreUi  of  dogs,  nin>t 
bo  considered  as  a  potential  or  actujil  source  of  infection. 

When  one  remembers  the  affectionate,  and  we  might  add  disgustiii^::. 
familiarities  with  which  pet  dogs  are  treated,  and  the  hal>its  of  dfip- 
among  themselves,  it  is  not  possible  to  ignore  these  animals  jis  a  cause  '^f 
direct  infection.  A  remarkable  instance  of  infection  in  this  wav  was 
reported  by  Dr.  Cullingworth  and  Mr.  Glutton,  in  which  a  lady,  durin.:: 
a  period  of  eight  yeiirs,  underwent  repeated  operations  for  hydatids  in 
various   pelvic  and   abdominal   organs.     The   source  of   infection  was  a 

^   111  South   An>tn«li!i  aloiu'.  7481   clogs,  mostly  dingos   but   partly    cross -ItniK   wv« 
(lotmvol  in  1893  uiuler  tlu*  Vermin  Acts. 
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pet  dog  that  she  had  been  in  the  habit  of  kissing  and  nursing,  par- 
ticularly when  it  was  out  of  health;  we  are  ourselves  familiar  with 
cases  in  which  it  is  almost  certain  that  infection  has  been  received  in 
the  same  way.  These  statements  imply  that  hydatid  infection  is 
received  through  the  alimentary  canal,  but,  in  seeking  to  account  for  the 
undoubted  prevalence  of  this  parasite  in  the  lungs,  the  late  Dr.  S.  D.  Bird 
of  Melbourne  suggested  that  the  tsenian  ova,  blown  by  the  wind  in  the 
frequent  dust-storms  of  Australia,  may  gain  direct  entrance  to  the  air- 
(jossages  and  there  develop  into  a  bladder.  We  have,  indeed,  seen  the 
lungs  of  sheep  containing  hydatids  lying  free  in  a  bronchus.  But  these 
cases  cannot  be  regarded  as  proving  this  method  of  entrance,  for  in  them 
cysts  of  an  exogenous  type  existed  in  the  adjacent  lung-tissue,  and  it  is 
quite  possible  that  an  exogenous  bud  may  have  pushed  its  way  into  the 
bronchus,  becoming  ultimately  separated  and  free.  Nevertheless,  though 
unproved,  we  do  not  regai'd  the  former  view  as  impossible. 

It  may  be  well,  perhaps,  to  state  here  that  there  is  no  evidence  to 
support  the  frequently  expressed  belief  that  the  contents  of  echinococcus 
cysts  themselves,  when  they  occur  in  animals  used  as  food,  may,  if 
ingested,  give  rise  to  hydatids  in  man.  A  doubt,  however,  on  this  point 
is  implied  by  a  remark  of  Posselt. 

In  Iceland,  with  which  one  of  us  is  also  familiar,  though  the 
physical  conditions  are  widely  different,  yet  there  are  the  same  necessary 
factors — many  dogs,  many  herbivora,  principally  sheep,  and  contaminated 
pasturage  or  water;  moreover  there  is  in  that  island  a  closer  bodily 
association  between  man  and  beast,  and  greater  uncleanliness  in  person 
and  in  the  use  of  food  and  its  appurtenances. 

GeosTPaphical  Distribution. — Though  hydatid  disease  occurs  in 
many  countries,  the  published  statistics,  so  far  as  known  to  us,  do  not 
permit  of  very  precise  statements  of  its  comparative  frequency ;  this  is, 
with  the  exception  of  Iceland,  perhaps  more  true  of  the  old  world  than 
the  new,  as  represented  by  Australia,  the  great  prevalence  of  the  disease 
in  the  latter  country  having  compelled  attention  to  it. 

Quite  uninfluenced  by  climate  in  itself,  the  spread  of  the  disease 
appeiirs  to  depend  entirely  upon  the  degree  to  which  the  factors  men- 
tioned in  the  preceding  section  are  present. 

Dealing  first  with  Iceland  and  Australia,  the  two  chief  homes  of 
hydatid  disease,  the  absence  of  comprehensive  statistics  invalidates  all 
exact  numerical  statements;  still,  enough  evidence  is  forthcoming  to 
support  the  general  tenor  of  the  previous  statement  as  to  the  remarkable 
prevalence  of  the  dise^ise  in  these  countries. 

Iceland. — Estimates  of  the  total  number  of  the  popidation  affected 
vary  from  yV^^  ^  yV^^'  ^^  ^®  suppose  the  former  to  be  too  high  an 
estimate,  the  frequency  of  the  disease  is  evident  nevertheless.  Thus 
Schleisner,  who  seems  to  have  been  the  first  to  indicate  the  parasitic 
nature  of  a  disease  that  had  long  been  known  in  the  country  under  such 
names  as  hepatalgia,  infarctus,  obstructio,  or  hypertrophia  hepatis,  found 
that  about  ^th  of  the  2600  sick  who  appeared  in  the  medical  reports  of- 

voi^  H. — vr.  H  3  s 
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the  island,  iind  Jth  of  the  327  sick  iindei'  Ills  own  immediate  can,  vm 
atfectcd  with  hydatid  disease.  On  the  other  hand,  Fin«<eii,  afUr  mt 
years'  experience,  states  that  of  T539  cases,  280,  or  nearly  1  in  37. 
suflTered  from  hydatid  disease.  This  latter  figure  accords  siifBcientir 
nearly  with  the  estimate  by  Galliot,  that  the  uumlier  of  the  popoladoB 
aiTected  may  be  reckoned  at  about  ^V'h.  We  are  not  awnrc  thst  w 
cage  of  alveolar  hydatid  has  occurred  in  this  island  where  the  liydatiiluw 
form  is  so  common,  and  it  is  also  remarkable  thnt  the  latter  seems  not  to 
occur  iu  the  Fariie  Islands,  although  they  lie  in  the  dii-ect  line 
munication  u-ith  Iceland,  and  possess  plenty  of  dogs  and  sheep, 

Ausirati'i, — Although  Australia  as  a  whole  enjoys  an  nnenviaM* 
reputation  far  the  prevalence  of  hydatids,  this  disease  does  not  by  »af 
means  occur  with  ei[ual  frequency  in  the  several  states,  or  even  in  & 
parts  of  the  same  colony.  Whether  reckoned  on  the  basis  of  the  ntio  <Jt 
the  registered  deaths  from  this  cause  to  the  total  mortality,  or  on  tbt 
proportion  of  the  admissions  o!  persons  suffering  from  hydatids  to  i' 
total  number  of  patients  received  into  the  various  hospitals,  the  dim 
is  found  to  be  most  frequent  in  South  Australia,  somewhat  less  to 
Victoria,  while  New  South  Wales,  Tasmania,  \\'oaterii  Australia,  ■ 
Queensland  follow-  with  a  diminishing  ratio  in  the  order  named. 
North  Queensland  and  in  other  northern  parts  of  Australia  the  dise 
is  practically  unknown.  This  statement  is  Iwised  on  returns,  epooa 
sought  for,  up  to  the  end  of  1896,  covering  over  half  a  million  of  a 
of  adniissiooa  to  various  hospitals.  The  region  of  Australia,  hovoTV^ 
which  yields  th»  largest  proportion  of  cases  is  that  comprising  tbo  s 
eastern  part  of  South  Australia  and  the  contiguous  westt^ni  distrtet  a 
Victoria — a  well-stocked  and  comparatively  coo!  region,  with  rauch  pc( 
maneut  surface  water,  often  in  the  form  of  swamps.  The 
extending  over  many  years,  of  the  Mount  Gambter  Hospital,  situ 
in  one  of  the  few  districts  in  Southern  Australia  where  [>cnnBnMl 
swamps  exist,  shew  one  hydatid  patient  for  every  siKty-live  admiUod  li 
all  complaints;  those  figures  are  probably  not  exceeded  in  any  « 
locality.  It  is  remarkable,  however,  that  no  case  of  the  alveolar  for 
luis  been  recorded  in  any  of  these  states  or  from  New  Zealand.  ^^ 

Nnn Zeidawi. — From  the  most  recent  available  reports  (2,  29),  hydatil 
dissaee  appears  to  be  not  very  common  in  the  North  Islanil,  but  is  nK 
BO  in  the  South,  especially  in  Dunedin  and  its  noighVMnrhood,  wlw 
hospital  statistics  shew  that  it  is  on  the  increase.  It  is  remarkable  lA 
ib  is  practically  unknown  amongst  the  Maoris,  who  keep  many  dugs  ai 
are  not' careful  in  feeding  them  (39). 

Gi'&ji  liriliiin. — Gohbold  and  others,  who  have  endeavmired  I 
tain  the  degree  of  prevalence  of  hydatid  disease  in  the  Unit«d  Kiii^onii 
have  found  a  difficulty  in  basing  any  reliable  estimate  upon  the  Hef<» 
tive  data  provided  by  the  returns  of  the  Kegistrar-CiBneral's  deiw-tmenl. 
(We  should  add  that  we  are  referring  to  a  period  prior  to  1  (<60. )  As  Uk 
circumstances  in  which  we  write  have  made  it  imjmssible  for  us  \q  invesl»> 
gate  the  later  years  either  of  the  Registrar- General's  or   of   I 
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Statistics,  this  section  of  our  article  must  be  necessarily  incomplete. 
Nevertheless  the  following  statements  may  be  taken  for  what  they  are 
worth  : — 

Thomas  quotes  figures,  derived  from  the  Hcgistrar-GeneraVs  statistics 
for  the  decennial  i)eriod  ended  1880,  which  shew  one  death  from 
hydatids  to  11,876  deaths  from  all  causes.  As  the  result  of  a  special 
inquiry  addressed  by  the  same  writer  to  various  British  hospitals  (replies 
having  been  received  only  from  the  London  Hospital  and  one  other),  it 
was  found  that  in  the  former  institution,  during  a  period  of  five  years, 
twenty-four  cases  of  hydatid  disease  were  treated  out  of  a  total  of 
13,297  mtilxcal  in-patients — a  proportion  of  1  to  554;  while  from  the 
published  reports  of  three  Metropolitan  hospitals — St.  Thomas's,  St. 
Bartholomew's,  and  St.  George's — he  derived,  from  the  aggregate  of 
figures,  a  corresponding  ratio  of  1  to  1124,  the  proportion  varying  con- 
siderably in  the  several  hospitals. 

Among  2100  necropsies  at  the  Middlesex  Hospital  between  1853  and 
1863  Murchison  found  hydatids  in  thirteen  instances  only  ;  that  is,  one  in 
161  cases.  He  further  stated,  as  the  result  of  investigations  at  the  Koyal 
Infirmaries  of  Edinburgh  and  Glasgow,  that  hydatids  are  nuieh  nirer  in 
Scotland  than  in  England. 

The  limited  area  to  which  these  various  figures  apply,  and  the  wide 
fliscrepiincies  in  them,  render  them  of  little  value.  Still,  here  and  there 
a  useful  comparison  may  })e  made  with  other  statistics. 

In  Germany^  and,  according  to  Leuckart,  in  the  central  and  northern 
parts  especially,  the  dise^ise  is  not  infrequent;  Mecklenburg  and  Pomerania 
are  declared  by  other  German  writers  (30)  to  ])e  the  provinces  where  the 
liydatidose  form  is  especially  prevalent.  From  recent  writings  it  ap]>ears 
to  be  fairly  common  in  Euroifean  Ihissia,  where  it  is  stated  to  occur  con- 
currently with  the  alveolar  form.  So  also  it  is  found,  with  probably  less 
frequency,  in  France^  Austria  (some  parts),  and  ///////:  it  is  sbited  to  be 
common  in  Turkei/y  a  country  noted  for  the  numl)er  of  luicared-for  dogs. 
In  Siciherlaniff  as  we  shall  shew,  it  is  the  alveolar  form  which  is 
prevalent. 

Asui. — The  disttise  is  said  to  be  not  infrequent  in  the  Covcasian 
Province.  In  Britisit  ImUn  it  is  I'are,  and  pirticularly  so  amongst  the 
indigenous  inhabitants.  In  the  Philippine  Islands  we  hav<»  it,  on  the 
authority  of  Dr.  li.  P.  Strong,  Supcnntendent  of  the  U.S.  Biological 
laboratory,  Manihi,  that  hydatids  are  almost  unknown. 

In  China  hydatids  must  be  extremely  rare,  for  we  have  Inien 
informed  by  Mr.  James  Cantlie,  formerly  of  Hong  Kong,  that,  out  of 
upwards  of  40,000  cases  seen  by  him  in  that  country,  one  only  was  of 
this  nature ;  it  occurred  in  a  European,  and  apparently  was  not  of 
endemic  origin. 

In  North  America  the  disease  is  decidedly  uncommon;  up  to  July  1, 
1901,  Lvon  was  onlv  able  to  record  241  cases  for  the  whole  of  the 
United  States  and  Canada^  and  several  of  these  occurred  amongst  the 
Icelanders  settled  in  Manitoba. 
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Soidh  Ainerka,-  In  the  Argentine  Rtpuhlic  hydatids  must  be  raihtr 
common,  for  Vegas  and  Cranwell  report  970  cases  occurring  in  the  pp»" 
vinces  of  Buenos  Ayres  and  Rosario  only,  during  the  twenty -five  yeAr> 
ended  1900.  These  writers  also  state  that  40  per  cent  of  the  catiit 
and  sheep  are  affected,  and  60  per  cent  of  the  pigs. 

Africa, — Hydatids  are  stated  to  be  not  uncommon  in  Egypt  (29a)  aD«l 
Algeriii,  In  Natal  they  must  be  very  uncommon,  for,  in  surgical  anl 
pathological  work  in  that  country,  extending  over  more  than  a  year,  ou: 
colleague,  Professor  Watson,  saw  no  case  either  in  Europeans  or  Katiiix 

From  Cape  Colony  a  leading  medical  practitioner  (Dr.  Fuller),  who  h*i 
made  special  inquiries  on  the  subject,  informs  us  that  human  hydatiii^ 
are  neither  common  nor  on  the  increase.  On  the  other  hand,  the  chief 
veterinary  surgeon  writes  that  in  sheep  and  cattle  they  are  fkirir 
common,  and  that  he  has  met  with  them  several  times  in  indigenous 
nns^iilates. 

In  speaking  of  the  conditions  which  determine  the  pre\'aleDce  «f 
hydatid  disease,  we  hinted  that,  of  the  domestic  animals  subject  to  these 
parasites,  the  sheep  should  be  regarded  as  the  predominant  facUT 
whereby  the  stock  of  tsenia  in  the  dog  is  kept  up.  This  view  was  held 
by  Madelung  as  the  result  of  his  investigations  in  Mecklenburg,  and  ao 
identical  opinion  is  expressed  by  Posselt  (53) ;  both  these  writers  furthrr 
state  that  the  fine-woolled  sheep,  such  as  the  Merino,  are  more  liable  u* 
ecliinococcus  disease  that  the  coarse-woolled  varieties.  The  survey  of  th<' 
geographic  distribution  of  hydatid  disease,  and  particularly  as  regani* 
Australia,  lends  support  to  this  opinion  so  far  i\&  it  implicates  ^ttp 
generally. 

In  all  these  countries  where  hydatids  are  notably  prevalent  we  find 
sheep  in  large  numbers  relatively  to  other  stock.  This  is  the  case  in 
Iceland  and  in  the  German  provinces  of  Mecklenburg  and  Pomerani^ 
where  the  disease  is  common.^  Australia,  which  has  always  been  not<!d 
in  this  respect,  and  the  Argentine  Republic,  which  appears  likely  ;<• 
acquire  a  similar  reputation,  are,  no  doubt,  noted  for  the  extea^ive 
development  of  both  the  sheep  and  cattle  industries.  But  if  we  examii^ 
the  distribution  of  hydatids  in  the  former  of  these  countries,  treating  it  'j^ 
a  whole,  wc  find  that  the  great  majority  of  cases  come  from  the  sontheni 
and  eastern  districts,  where  the  sheep  largely  predominate,  while  in  th^ 
northern  regions,  where  cattle- raising  is  the  principal  |)astoral  pursuit 
almost  to  the  exclusion  of  sheep,  the  disease  is  either  absent  or  very 
rare.  We  are  unable  to  speak  of  any  similar  localised  distribution  in  the 
Cciso  of  Argentina,  and,  unfortunately,  Vegas  and  Cranwell,  in  their 
recent  work,  do  not  discriminate  between  the  number  of  sheep  and  large 

cattle  affected.      Nevertheless,  it  is  the  case  that  the  country  eont^iins  au 

» 

immense  number  of  sheep. 

On  the  other  hand,  hydatids  are,  as  has  been  stated,  rare  in  Naul 
where  the  number  of  cattle  is  large  in  proportion  to  the  sheep,  and  the 

^  Speaking  of  the  tirst  nniueil  of  these  localities,  Hjaltaliii  estimated  that  e%-i4l<rii-.'r^  >  •' 
hydatids  were  to  he  fountl  in  every  fifth  sheep. 
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same  holds  good  for  India  and  the  Philippine  Islands.  We  must  note 
also  that  the  hydatidose  variety  of  echinococcus  is  very  rare  in  those 
European  regions  comprising  Switzeriand,  parts  of  South  Gei-many,  and 
the  Austrian  Alpine  regions,  where  the  alveolar  form  ])revails  and  the 
cattle-rearing  industry  almost  exclusively  exists. 

Apart  from  the  numerical  influence  of  sheep  in  furnishing  the  supply 
of  bladder-worms,  there  is,  no  doubt,  a  co-operative  factor  in  the  circum- 
stance that,  as  a  rule,  the  tending  and  care  of  sheep  involves  the  use  and 
assistance  of  dogs  to  a  much  greater  extent  than  does  cattle-rearing,  and 
thus  the  two  necessary  factors  for  the  spread  of  the  disease  are,  in  the 
former  case,  brought  into  close  conjunction. 

Age  markedly  affects  the  incidence ;  for,  though  the  disease  has 
been  met  with  in  a  child  two  years  and  one  month  old,  and  in  a  man  of 
eighty-one,  the  morUdity  from  hydatids  in  the  Australian  colonies,  com- 
l>ared  with  that  from  all  diseases,  rises  continually  through  each  decade 
of  life  till  fifty  years  of  age,  and  then  gradually  falls  again. 

Sex. — Out  of  returns  covering  2307  cases  of  hydatid  disease 
occurring  in  Australia  in  which  the  sex  was  clearly  indicated,  1300 
were  males  and  1007  females — a  ratio  of  100  to  77  (returns  to  1894 
inclusive).  This  increased  liability  of  males  is  probably  the  rule ;  and 
is,  no  doubt,  due  to  the  occupations  of  men,  and  their  predominance  in 
numbers  over  the  opposite  sex  in  regions  where  the  conditions  are 
most  favourable  to  the  existence  of  the  disease.  Still,  an  exception 
appears  to  exist  in  the  case  of  Iceland,  where  it  has  been  stilted  that 
more  than  twice  as  many  women  as  men  have  the  diseiise.  In  Iceland 
the  habits  of  life  of  the  people  are  such  as  to  expose  women  more  to 
infection. 

Pathological  Anatomy. — The  general  features  and  varieties  of 
hydatid  cysts  have  been  briefly  indicated  in  the  account  of  the  life- 
history  and  development  of  the  parasite.  In  this  section  it  is  proposed 
to  add  a  few  details. 

It  is  generally  admitted  that,  for  hydatidose  ecliinococci,  there  is 
only  one  true  larval  species,  and  that  the  special  characters  of  the 
surrounding  tissues,  in  which  the  hexacanth  embryo  has  come  to  rest, 
exert  a  determining  influence  on  its  further  development  in  respect  of 
its  size,  sliape,  and  mode  of  reproduction  ;  or,  in  other  words,  on  the 
special  characters  which  it  assumes. 

In  man  the  most  usual  form  is  that  of  a  mono-cyst  develoj^ed  from 
a  single  embryo ;  a  plurality  of  such  cysts  often  coexists  in  the  same 
individual,  or  even  in  the  same  viscus  (multiple  hydatids) ;  and  is 
referable  to  sejmrate  and  not  necessarily  simultaneous  parasitic  invasions. 
In  m<an  such  cysts  often  attain  an  enormous  size,  and,  as  we  have  .shewn, 
may  give  rise  to  a  numerous  progeny  of  daughter  or  even  giand-daughter 
Madders  situated  internally. 

The  less  common  form  is  that  in  which  the  original  cyst,  resulting 
from  a  single  embryo,  by  repeated  external  proliferation  produces  a 
more  or  less  compact  cluster  of  vesicles,  which  are  always  comparatively 
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small,  and  often  very  minute ;  in  the  multitude  of  these  the  identity  ••{ 
the  parent  cyst  may  be  lost. 

The  Adventitimis  Capsule. — An  aseptic  foreign  body  embedded  in  an 
organ  excites  by  its  presence  a  cell  -  proliferation  in  the  surroundini 
connective  tissue ;  the  presence  of  a  similarly  situated  ptarasitic  cy*t 
evokes  a  like  response.  We  must,  however,  note  that  there  is  this 
difference  between  the  two  cases :  while  the  physiological  efforts  of  thr 
tissues  are  directed  towards  the  expulsion,  disintegration,  or  encap^nU- 
tion  of  the  ordinary  foreign  IxKiy,  the  presence  of  the  unbidden  living 
guest  is  borne  with  tolerance,  the  relationship  between  host  and  parasite 
being,  as  we  have  said,  one  of  symbiosis.  In  this  the  adventitious  capsule 
is  the  immediate  source  from  which  the  latter  draws  its  nutrient  supplies. 
The  pressure  induced  by  its  continuous  expansion,  however,  calls  int<> 
existence  an  opposing  factor  which  antagonises  the  tendency  to  cell 
proliferation;  and,  by  a  maintenance  of  equilibrium  between  irritative 
hyperplasia  and  pressure-atrophy,  the  capicity  of  the  capsule  increast-s 
step  by  step  with  that  of  the  essential  cyst.  Nevertheless  it  must  Ir 
admitted  that  in  certain  cases  all  signs  of  irritative  hyperplasia  are 
absent;  and  that  as  an  aseptically  detached  appendix  epiploica  some- 
times excites  no  reaction  in  the  peritoneal  cavity  into  which  it  falls,  ^" 
an  echinococcus  vesicle  which  has  escaped  from  elsewhere  may  rem;iiii 
naked  and  free. 

Again,  in  the  exogenously  developed  cysts  which  affect  the  Iwies 
the  adventitious  capsule  may  be,  and  indeed  usually  is,  representeii  l>y 
no  more  than  an  extremely  attenuated  endosteal  membrane.  So,  also, 
in  the  brain  where  a  similar  type  occurs  the  cysts,  if  they  lie,  as  thev 
sometimes  do,  free  in  the  ventricles,  have  no  other  adventitia  than  the 
ependyma  of  the  cavities,  or,  if  in  the  substance  of  the  brain,  than  :in 
extremely  thin  layer  of  the  very  slightly  altered  nervous  tissue.  It  lia* 
also  been  noticed  that  the  adventitious  capsule  of  hydatids  lying  in  tlie 
intermuscular  planes  of  very  mobile  and  greatly  used  (>arts  is  of  su(  h 
tenuity  that  it  may  easily  be  overlooked.  On  the  other  hand,  in  more 
exposed  situations  it  may  attain  a  considerable  thickness. 

In  structure  the  adventitious  sac  is,  in  juvenile  cysts,  both  celhiLir 
and  vascular.  In  older  living  cysts  it  is  formed  of  fibres  and  flatteii'-il 
cells  shewing  a  stratified  arrangement,  which,  as  the  inner  surfai-e  i- 
approached,  become  fused,  condensed,  and  more  or  less  destitute  «►! 
cellidar  elements.  The  inner  face  of  a  healthy  young  sac,  while  it  i< 
still  growing,  is  smooth  and  of  a  faint  pink  colour,  though  like  serous 
membranes  it  is  liable  to  both  pyogenetic  and  non-pyogenetic  inflaniniii 
tion,  but  we  have  not  been  able  to  satisfy  ourselves  of  the  existence  of  the 
alleged  internal  cellular  layer ;  in  thick-walled  (old)  capsules  thei-e  i>  .i 
pale  ochreous  deposit  adherent  to  its  inner  surface.  So  also,  thoui:h  in 
young  cysts  a  certain  amount  of  vascularity  may  be  noticed,  we  havt 
not,  in  a  large  series  of  cases,  obser\'ed  the  varicose  condition  of  the 
capsular  vessels  which  has  been  said  to  give  rise  to  dangerous  blee<linj:  afr^r 
removal  of  the  essential  byst.    Indeed  we  have  no  experience  of  this  event 
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The  shape  of  the  sac,  to  which  that  of  the  enclosed  parasite  corre- 
sponds in  virtue  of  the  internal  pressure  to  which  it  is  subject,  tends  to 
assume  a  spheroidal  form ;  when,  however,  its  uniform  expansion  is 
interfered  with  by  inequalities  in  the  density  of  the  surrounding  tissues, 
it  acquires  a  more  or  less  irregularly  sacculated  shape.  If  the  mutual 
pressure  of  adjacent  parasites  upset  the  equilibrium  between  hyper- 
plasia and  atrophy  in  the  intervening  partitions,  the  sacs  coalesce  into  a 
compound  sacculated  capsule  in  which  a  separate  parasite  occupies  each 
pouch.  When  the  unequal  resistance  of  surroimding  parts  is  supple- 
mented by  a  special  inherent  tendency  of  the  parasite  to  grow  in  certain 
directions,  a  compound  sacculation,  extending  even  to  se])aration,  ensues. 

Eoctra- capsular  Effects  0/  the  Growth  of  the  Parasite. — The  connective 
tissue  of  the  affected  viscus  survives  the  more  highly  organised  paren- 
chymatous elements,  such  as  the  liver -cells;  but  in  the  uninvaded 
parts  the  latter  undergo  a  compensatory  hypertrophy,  and  whenever 
this  is  ol)8erved  in  one  part  of  an  organ  it  should  never  fail  to  excite 
suspicion  of  the  presence  of  a  pamsite  in  another.  When  the  gi'owing 
I)arasite  comes  to  abut  on  the  serous  capsule  of  the  viscus  a  fusion  of  its 
own  adventitia  with  the  latter  takes  place,  and  the  combined  structure 
may,  as  is  usual  in  lung  hydatids,  become  further  adherent  to  iidjacent 
serous  surfaces,  but  it  is  remarkable  that  in  hydatids  in  the  alnlomen, 
even  though  very  large,  such  adherence  may  never  occur  unless  there 
has  been  some  surgiciil  operation  or  traumatism. 

Degenerative  Changes  in  the  Capsnle. — With  increasing  age  the  adven- 
titious sac  is  apt  to  undergo  degenerative  changes ;  these  may  be  of  an 
siseptic  character,  such  as  sclerosis  or  even  calcification,  due  to  the 
deposition  of  lime  salts — phosphate  and  carbonate ;  or  the  latter  con- 
dition may  lead  to  the  formation  of  foci  of  a  degraded  kind  of  bone. 
Usually  these  changes  do  not  affect  the  capsule  uniformly,  but  occur  in 
patches  of  varying  size,  and  may  lead  to  enormous  thickening.  In  a 
case  of  splenic  hydatid  at  the  Adelaide  Hospital  this  calcareous  and,  to 
some  extent,  osseous  transformation  had  proceeded  to  such  a  degree  that 
the  use  of  a  small  saw  was  necessary  to  effect  an  opening. 

Again,  changes  of  a  septic  character  may  take  place,  either 
spontaneously  from  unexplained  causes,  or  as  the  result  of  surgical 
interference.  Thus,  we  may  have  suppuration,  ulceration,  putrefaction 
with  evolution  of  gas,  and  even  gangrene. 

Being  a  product  of  the  connective  tissue  of  the  host  the  capsule  may 
Ixi  invaded  by  |)athological  changes  affecting  the  viscus  in  which  the 
parasite  is  eml)cdded ;  in  this  way  it  has  been  affected  by  carcinomatous 
and  lardaceous  disease. 

The  Echinororcus  BkMer, — The  stnicture  of  this  organism  has  already 
been  described.  The  lamination  of  the  elastic  cuticle,  or  ectocyst,  a 
characteristic  feature  of  the  bladder-worm  even  at  a  very  early  stage, 
becomes  with  increased  age  still  more  conspicuous  by  the  formation  of 
fresh  layers;  till,  in  the  mother  cyst,  it  may  reach  a  considerable 
though  not  necessarily  a  uniform  thickness.     So  characteristic,  indeed, 
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of  hydatid  cysts  is  this  structure  that,  in  the  abaetice  of  till  other  definitt 
products,  the  discovery  of  a  minute  fragment,  which  may  be  obtained  hy 
the  hypodermic  needle,  renders  the  diagnosis  absolutely  certAin. 

The  fluid  which  occupies  the  interior  of  normal  living  hydatiii 
bladders  and  keeps  their  iralla  at  a  considerable  degree  of  tension,  ii 
clear,  limpid,  and  tmnaparent,  sometimes  shewing  a  faint  opalescence  hj 
transmitted  light.  The  specific  gravity  ranges  round  1010  and  Uie 
reaction  is  usually  neutral,  though  it  nuiy  lucliTie  to  alkalinity  or  even, 
it  is  stated,  to  acidity.  It  contains  about  98'5  per  cent  of  water  ud, 
of  the  solid  constituents,  about  one-half  is  chloride  of  sodium  :  hene«  it 
gives  a  plentiful  precipitate  with  silver  nitrate.  In  the  rem»iaing  solid 
matter  there  may  be  present  traces  of  dextrose  even  in  cysts  situated 
elsewhere  than  in  the  liver,  eholesterin,  hiematoidin,  succinic  add  (i 
combination  with  sodium  and  calcium),  loucin,  and  tyrosin.  AlbiuaiB 
exists  in  Bach  minute  quantities  or  in  siicb  a  form  that  il'  is  not  pre- 
cipitated by  heat  and  nitric  acid,  but  notwithstanding  the  fluid  a 
readily  putrescible.  In  dying  or  dead  cysts,  however,  the  fluid 
become  albuminous.  In  cysts  of  the  kidney  there  have  been  found 
products  referable  to  the  urinary  constituents,  such  as  urea,  uric  acid 
salts,  and  triple  phosphate,  and  in  this  connexion  we  may  remember 
that  all  the  materials  of  the  parasite  must  have  been  derived  from  thcM 
of  its  host.  Lastly,  it  is  to  be  iiot«d  that  hydatid  fluid  contAiiu  m 
varying  amount  of  some  poisonous  substance,  originally  described  u  s 
ptomaine,  but  which  we  may  now  doubtless  call  a  tosin.  This,  wlua 
injected  icto  animals,  has  Ijeen  shewn  to  act  as  a  cardiac  poison,  productng^ 
diastolic  standstill,  lowering  of  blood-pressure  and  temperature,  fts  1  ~ 
as  other  symptoms.  Absoi-ption  of  a  small  dose  of  this  poi«on  is 
doubt  responsible  for  the  urticaria  that  has  so  frequently  been  olMervd 
to  follow  the  escitpo  of  hydatid  fluid  into  serous  cavities.  TIm 
absorption  of  a  larger  quantity  will  similarly  explain  the  peritonitis 
the  seveix;  cardiac  symptoms,  leading  sometimes  to  fatal  oollnpMi 
have  also  occurred  with  a  frequency  sufficient  to  serve  as  «  wumnff 
against  any  unnecessary  proceedings — even  against  so  apparently  triviu 
a  step  as  aspiratory  pimcture — that  may  lead  to  the  escape  of  this  flnit^ 
and  possibly  to  its  direct  entrance  into  a  vein.  We  shall  speak  ebewbo* 
of  the  further  risk  due  to  the  dissemination  of  hrood>cap8nIeB,  scolice*. 
daughter  bladders. 

Chitin  is  the  chief  constituent  of  the  external  laminaletl  (.-n^-oloiniC: 
capsule,  though  it  is  said  to  difTer  slightly  from  the  ordinary  chiljn  « 
invertebrates,  and  also  to  vary  in  composition  with  the  ago  of  the  ey< 
(Leuckurt). 

In  the  contents  of  dead  or  dying  cysts  there  may  be  senim,  bile, 
blood.     The  withdrawal  of  a  tiansparent  fluid,  therefore,  which  yinlda 
the  ordinary  tests  no  albumin,  or  but  a  trace,  and  gives  a  copious  pi 
cipitate  with  argentic  nitrate.,  afi'onls  strong  evidence  of  its  derivalJos 
from  a  hydatid  cyst ;  but,  as  elsewhere  stated,  on  account  of  the  idential 
appearance  and  reactions  of  some  other  normal  or  pathological  flaid*  <4 
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the  body,  absolute  reliance  cannot,  in  certain  cases,  be  placed  upon  these 
tests  alone ;  and  the  detection  of  one  or  other  of  the  biological  products 
then  becomes  the  only  certain  means  of  determining  the  parasitic  nature 
of  the  tumour.     Sometimes  these  are  not  forthcoming. 

Causes  of  Spontaiieovs  Death. — Dead  hydatids  are  found  more  frequently 
in  the  liver  than  in  other  parts,  both  because  the  liver  is  the  most 
frequently  affected  viscus,  and  because  spontaneous  evacuation  per  viaa 
naturales  is  less  easily  effected  than  in  viscera  such  as  the  lung  and  kidney.^ 
Echinococcus  cysts  may  die  at  any  stage  of  their  existence ;  and  it  is 
possible  that,  like  other  living  things,  they  die  on  attaining  a  certain 
age.  That  this  may  be  considerable  is  shewn  by  a  case  that  came  under 
our  notice,  where  a  living  hydatid  in  the  subcutaneous  tissue  had  per- 
sisted for  twenty-two  years,  having  been  taken  during  that  j^riod  for  a 
sebaceous  tumour;  there  are  cases  of  even  longer  duration  on  record. 
As  a  rule,  however,  disturbances  of  the  obscure  relations  existing  between 
the  parasite  and  the  tissues  of  their  host  anticipate  the  natural  term  of 
their  life. 

Several  hypotheses  as  to  the  possible  causes  of  natural  death,  all 
more  or  less  unsatisfactory,  have  been  suggested.  It  is  said,  for  instance, 
that  malnutrition,  induced  by  diminished  blood-supply,  entails  an  aseptic 
death  of  the  parasite ;  more  especially  when  the  latter  has  taken  up  its 
abode  in  the  peripheral  portions  of  an  organ  where  the  blood-supply  is 
necessarily  poorest. 

Irruptions  and  transudations  of  the  normal  fluids  of  the  body,  such 
as  blood,  serum,  bile  or  urine,  are  adduced  as  mechanical  and  toxic 
causes  of  death.  Of  these  there  can  be  no  question  as  to  the  deleterious 
action  of  bile,  and  in  our  experience  all  dead  cysts  of  the  liver  contain  it 
or  its  derivatives. 

Static  shrinkage  of  the  capside,  inordinate  growth  of  an  internal 
brood,  are  said  to  lead  to  a  disproportion  between  the  carrying  capacity 
of  the  capsule  and  the  contained  parasite,  which  is  inimical  to  its  furthor 
development. 

Whatever  the  causes  of  death,  however,  it  is  possible  that  tliey  may 
be  local  rather  than  general,  as  the  same  individual  may  be  the  subject 
of  both  dead  and  living  hydatids ;  oven  in  the  same  viscus  there  may 
be  cysts  in  widely  different  stages  of  degeneration,  indicating  death  at 
different  periods.  Due  weight  must  also  be  assigned  to  the  suggestion 
that  oft -repeated  or  long -applied  traumatism,  such  jus  the  continuous 
riding  on  horseback  of  stockmen,  or  perhaps,  again,  the  toxic  effects  of 
the  continuous  use  of  noxious  fluids  as  beverages,  may  eventually  prove 
fatal  to  the  life  of  the  parasite.  Probably  amongst  th^se  latter  must  l>e 
included  the  inordinately  strong,  and  often  decocted,  tea  which  the 
Australian  bushman  drinks  so  often  and  so  copiously. 

The  effects  of  nipture  of  hydatid  cyds  into  various  cavities  and  piissages 

'  Oiit  of  thirty-six  cases  which,  on  autopsy  at  the  Ailelaide  Hospital,  were  found  affecttKl 
with  hydatid  di^ase  of  the  liver,  ten  were  the  subject  of  retrogressing^  cysts  that  had  not 
been  suKpecte4l  during  life. 


of  the  body,  or  even  externally,  will  be  described  in  the  clinictil  wetton. 
They  lead  sometimes  to  Bpontarier>ua  eltminatiuii  of  tiie  p&rasit«  i 
coiiaequent  relief  of  the  host ;  but  more  often  to  lu-gent  sytnptonu 
which  retiiiire  prompt  surgical  interference.  Itwpture  of  «  healthy 
bladder  miiy  result  from  undue  compressiou  or  other  violonee; 
from  pressure  -  atrophy,  due  to  expansion  of  the  cyst,  the  thimiMl 
intervening  tissues  gi^-ing  way  at  the  weakest  spot ;  but  moat  fre^nenltr 
it  is  r.he  o<insenuence  of  localised  ulcerative  cfaajiges  in  suppuraling 
cyatB. 

flffdatiil  ei/ds  thai  die  and  imdergo  ^xiiUaneous  rHmyrfstion  ixxaiM  0» 
siihfeets  of  a  very  amstaiU  series  of  degenerative  cJumges,  whicli  roaj-  be 
described  in  the  following  stages : — 

1.  Stage  of  Tarbiility. — The  fluid  of  the  mother  oyst  becomes  turUil 
from  the  precipitation  of  the  albumins  of  the  nutritive  pabulum,  whidi 
being  no  longi^r  absorbed  and  metabolised  by  the  dying  or  dead  paruiu, 
are  suspended  in  the  fluid,  causing  it  to  become  albuminous.  A  simil 
transudation  of  serous  fluid  and  refilling  of  the  sac,  or  possibly  o(  t 
cyst  itself,  may  take  place  after  tapping.  Thus  far  there  are  no  diiuigM 
in  the  adventitious  sac,  and  the  contents  of  the  dauf^litor  cyats  are  siiB' 
clear. 

2.  F'tllfi  Sh«}i'.- — These  precipitated  proteids  are  converted  ittto  faiqr 
substances  resulting  ia  still  gn»l* 
turbidity  of  the  fluid  :  at  a  later  pertodl 
the  liquid  contents  may  afisiune  i* 
consistency  of  a  butter-like  emegmai.  Tht 
mother  cyst  acquii'es  a  gelatioous  of; 
gummy  aspect,  .^nd  from  shnukage  \m 
size  is  thrown  into  folds  (see  Fig.  228); 
the  daughter  cysts  also  shrink,  and  t" 
contents  in  turn  become  turbid.  Thou^ 
the  daughter  cysts  undergo  preciseljr  Um 

fio  I'ia.-SKiK.ii  ur  i-otnji{™..mg  humjn   same  Series  of  chanees  as  their  parent 

liydittd    (rroni    Liver).       Inaidn    the    ,,         ,  "        „  ,'. 

.hrunii*!.  ndvnintioiiK  ciMQia  a  the  the  former  are,  generally  spoiiking  i 
bMS^*w=h°h^'™^™l?irSIJI^™y  8t*ge  behind  the  latter  in  their  tnuir 
™™^  in^'.°J!i^™*'iKTB.H^t'n"t  formations. 

mioii.     l-hotoxmiili.  lislf  tlifl  wtunU  3.   Stage     (if    Dtgkcaltmi.  ^Thvt*   i 

'""  complete     opacity    and    markeil     den 

cation    of  the  contents,  which  are  represented  by  a  putty-like  i 
Degeneration  has  pi-oceeded  in  the  mother  cyst,  which  has  now  bet 
a  mass  of  gelatiniform  shreds  not  yet  completely'  opaque      The  1 
transformation  has  extended  to  the  production  of  crystals   such  as  a 
stearin  and  cholesterin,  and  less  frequently  of  other  crystalline  forms  4 
obscure  nature  and  uncertain  composition  ;  among  those  Charcot's  cryauli 
may  be  mentioned. 

■i.  Stiuje  of  Calatreoua  Infillralion. — Infiltration  of  lime  salts — carboaM 
and  phosphate — which  has  previously  begun  in  iho  adventitious  capi 
becomes  general  in  the  whole  mass.     We  have  also  seen  in  the  calcifyioi 
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capsule  patches  of  a  very  degraded  form  of  bone.  The  putty-like  sub- 
stance slowly  disappears  with  a  corresponding  shrinkage,  and  the  parasite 
is  now  represented  by  a  semi-calcareous  mass  in  which  are  embedded  the 
shrivelled  and  opaque  remains  of  the  mother  and  brood. 

In  a  further  stage,  seldom  reached,  even  these  membranous  debris 
may  lose  their  identity,  the  booklets  only  remaining  to  indicate  the  true 
nature  of  the  now  wholly  calcareous  mass. 

Presence  of  Bilirubin. — In  a  certain  number  of  cases  of  liver  hydatids 
the  mother  cyst,  its  liquid  contents,  and — at  a  later  stage — the  daughter 
cysts  also,  may  become  stained  a  green  or  orange  colour  from  irruption 
or  transudation  of  bile,  which  most  frequently  takes  place  between  the 
adventitia  and  the  mother  cyst,  though  it  may  involve  the  latter.  When 
this  is  in  excess  it  may  give  rise  to  the  presence  of  amorphous  masses  of 
biliary  matter  or  of  bilirubin  crystals,  to  which  product  attention  was 
first  called  by  Bristowe  in  1853  under  the  name  of  hoematoid  crystals. 
In  one  case — an  enormous  cyst  of  the  liver  which  had  begun  to  suppurate 
— we  found  a  mass  of  crystalline  bilirubin,  with  traces  of  biliverdin, 
weighing  1*13  granmie :  many  of  the  daughter  cysts  were  stained  with 
a  similar  material.  So  far  as  we  are  aware,  this  substance  has  not  been 
found  in  cysts  other  than  those  of  the  liver,  a  fact  which  indicates  its 
biliary  origin ;  further,  in  our  experience,  it  occurs  only  in  those  cases 
where  the  parasite  is  dead. 

PapUlamutmis  Growths  in  Hydatid  Bladders. — Besides  the  above  series 
of  changes,  which  constitute  what  may  be  called  the  usual  pathological 
sequences  of  spontaneous  death,  various  observers  have  noticed,  pro- 
jecting from  the  inner  wall  of  cysts,  otherwise  apparently  normal  and 
containing  large  broods,  peculiar  raised  papilloma  -  like  excrescences, 
which  occur  in  scattered  patches  of  over  an  inch  in  diameter  and  of 
2  mm.  or  more  in  height.  Microscopically  they  consist  of  hypertrophic 
ingrowths,  rather  than  infoldings,  of  the  cuticle ;  and  in  one  case  they 
contained  small  daughter  cysts  with  relatively  thick  walls.  We  have 
observed  these  papilloma-like  growths  in  cysts  which  were  diagnosed  as 
belonging  to  the  lung,  liver,  and  spleen.  Probably  they  represent  abortive 
eflTorts  at  endogenous  proliferation ;  a  parallel  condition  is  seen  in  the 
papillomatous  overgrowths  of  the  nacreous  layer  of  pearl-shells,  which 
produce  a  localised,  sessile  pearl  formation.  In  some  of  these  cases 
patches  of  the  mother  cyst  were  gelatiniform  and  of  a  transparent 
amber  colour,  as  if  vitality  were  lost  and  degeneration  about  to  become 
general. 

Ahsemw.  of  Mother  Cyst. — Hydatids  occasionally  occur,  in  which,  with 
every  appearance  of  endogenous  development,  the  mother  cyst  would 
seem  to  have  entirely  disappeared,  yet,  generally  in  such  cases,  traces  of 
this  structure  may  be  discovered  in  the  shape  of  gelatinous  shreds  which 
still  shew  their  characteristic  laminated  structure.  It  is  difficult  to 
understand  by  what  processes  so  substantial  a  membrane  can  be  so 
extensively  absorbed,  macerated,  or  dissolved ;  yet  this  seems  the  only 
kind  of  explanation  that  can  be  offered.      Such  an  example  was  an 
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enormous  hydatid  in  the  liver  of  a  male  subject,  the  contents  of  which 
measured  20  pints.     On  a  calculation,  based  on  an  enumeration  of  the 
daughter   cysts  in  a  measured   quantity,    the   total    number   of   then 
exceeded  28,000 ;  and  this  figure  did  not  include  thousands  that  were 
too  small  to  be  counted  with  the  naked  eye.     Suppuration  had  not  lon^ 
commenced,  but  barely  a  shred  of  mother  cyst  could  be  detected.    It  was  in 
this  case  that  the  aforesaid  crystalline  mass  of  bilirubin  was  found.     The 
man  recovered  after  incision  and  evacuation,  and  about  three  years  after 
wards  was  again  successfully  operated  on,  in  a  similar  manner,  for  another 
large  hepatic  suppurating  cyst,  containing  five  pints,  which  presented  no 
unusual  features.     No  doubt  the  second  cyst  existed  at  the  time  of  the 
first  operation. 

Thf  unequal  distribution  of  hydatids  in  the  various  viscera  requires  a  short 
discussion  of  the  circumstances  which  determine  the  idtimate  destination 
of  the  wandering  embryos.  The  conspicuous  preponderance  of  hver 
oyste  is  attributed  to  a  passive  transportation  of  these  embryos  by  the 
blood  of  the  portal  vein.  The  high,  but  relatively  lower  frequency  of 
pulmonary  hydatids  is,  on  the  same  hypothesis  of  vascular  transportation, 
generally  explained  by  the  fact  that  the  travelling  embryos  can  only 
reach  the  lungs  after  traversing  the  portal  capillaries ;  and  the  still  less 
frequent  presence  of  the  parasite  in  other  organs  finds  a  similar  explana- 
tion in  the  fact  that  the  embryos  on  their  way  must  traverse  both  the 
portal  and  pulmonary  circulations. 

It  is  diificult,  however,  on  this  hypothesis  to  account  for  the  com 
I)arative  frequency  with  which  multiple  peritoneal  and  omental  cysts  arc 
found  ;  for  we  must  then  believe  that  these  cases  owe  their  origin  to  an 
arterial  embolic  shower  of  embryos  which  have  successfully  traversed  the 
two  capillary  obstructions  of  the  liver  and  lungs — ^unless  we  may  suppose 
that  they  either  work  their  way  into  the  omental  arterioles  or  enter  the 
radicles  of  the  omental  veins,  in  which  latter  case  they  would  have  to 
reach  their  destination  against  the  venous  blood  current.  Now  it  often 
happens  that  the  lungs  have  entirely  escaped  invasion,  while  a  multi- 
tudinous cystic  development  is  in  progress  in  the  peritoneum  and 
omentum,  an  event  which  would  not  be  probable  if  the  embryonic 
swarm  had  passed  through  the  lungs.  To  account  for  such  a  multiple 
dissemination  three  possible  explanations  present  themselves ;  we  ma? 
suppose  (i.)  that  it  is  possible  for  embryos,  after  having  traversed  the 
stomach,  to  reach  the  peritoneal  cavity  by  gravitation  or  otherwise,  there 
to  develop  into  cysts  which  acquire  their  capsules  by  exudation  from  this 
membrane,  and  doubtless  multiply  by  exogenous  proliferation  ;  or  (ii.)  a 
shower  of  esciiped  and  minute  daughter  cysts  has  become  engrafted  on 
to  the  peritoneal  surface ;  or  (iii.)  liberated  scolices  may  themselves 
develop  into  cysts.  While  we  can  neither  affirm  nor  deny  the  possi 
bility  of  the  first  alternative,  we  are  convinced  of  the  occurrence  t»f 
one  or  other  or,  possibly,  of  both  the  latter  methods  of  dissemination. 
The  cases  coming  under  our  notice  that  strongly  support  such  a  view 
are  of  this  nature — a  visceral  hydatid  has  been  operated  u|>on  in  a  way 
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that  has  permitted  «ome  escape  of  hydatid  fluid  upon  the  surfaces  of  the 
wound.  Within  a  period  varying  from  a  few  months  to  two  or  three 
years  a  crop  of  small  bladders  has  developed  in  the  connective  tissue 
adjacent  to  the  incision,  or  even  in  the  scar  itself.  No  other  explana- 
tion seems  possible  than  that  either  cysts,  so  minute  that  they  have 
escaped  observation,  or  scolices,  or  it  may  be  brood  -  capsules,  have 
become  transplanted  in  the  tissue,  where  they  have  undergone  subsequent 
development.  And  if  dissemination  and  transplantation  occur  in  this 
way,  there  can  be  no  reason  to  doubt  this  sequence  when  the  daughter 
brood  (or  scolices)  are  liberated  in  the  peritoneal  cavity ;  indeed,  in  support 
of  the  possibility  of  such  an  occurrence  may  be  adduced  the  cases,  not 
unfrequently  met  with,  in  which  the  peritoneum  and  peritoneal  surfaces 
of  the  abdominal  organs,  often  in  the  most  dependent  positions,  have 
been  found  studded  with  innumerable  small  cysts  of  such  uniform  size  as 
to  suggest  a  sudden  and  simultaneous  invasion  in  this  manner.  In  some 
of  these  cases  there  had  been  antecedent  tapping.  It  is  noteworthy, 
however,  that  the  peritoneum  does  not  always  respond  to  the  presence 
of  the  parasite  in  the  same  active  manner,  for  the  bladders  may  fail  to 
acquire  any  adventitia,  and  thus  remain  entirely  nude  and  free  in  the 
peritoneal  cavity.  Indeed,  when  we  review  the  facts  of  distribution  of 
this  and  allied  parasites,  as  well  as  the  failure  to  account  for  them  satis- 
factorily by  vascular  transportation  or  other  passive  migration,  we  are 
disposed  to  lay  the  greater  stress  on  a  selective  affinity,  which  seems  to 
lead  the  parasite  to  certain  situations.  A  like  phenomenon  is  a  special 
disposition,  possessed  by  certain  nude  hydatids,  to  enlai-ge  independently 
of  the  plane  of  least  resistance,  or  even  in  direct  opposition  to  it.  In 
this  way  cerebral  hydatids  may  perforate  the  bony  cranial  vault — an 
event  paralleled  in  the  behaviour  of  the  coenurus,  which  in  a  similai* 
way  perforates  the  skull  of  sheep,  and  so  ofiers  facilities  for  cure  by 
puncture.  It  must,  however,  be  borne  in  mind  that  the  external  appeai*- 
ances  of  a  cerebral  hydatid  may  be  exactly  simulated  by  a  parasite  of  the 
cranial  bones,  which  has  caused  absorption  and  thinning  of  their  substance. 

Even  in  the  case  of  the  liver  another  view  than  that  of  passive  trans- 
ference is  possible,  for  it  is  possible  that  the  embryos  may  bore  their 
way  directly  from  the  one  organ  to  the  other. 

Although  there  is,  we  believe,  no  direct  experimental  evidence  in 
favoiu-  of  the  view  that  scolices,  brood-capsules,  or  even  daughter  bladders 
may,  when  they  escape  from  a  parent  cyst  into  a  serous  cavity,  give 
rise  to  a  crop  of  multiple  hydatids,^  yet,  when  we  remember  the  difficulties 
of  other  hypotheses  of  transit,  this  supposition  seems  reasonable  in  the 
light  of  those  cases  that  have  been  mentioned  of  multiple,  and  apparently 
simultaneous,  infection  of  the  peritoneum  and  of  wounds.  The  possibility 
of  such  an  occurrence  should  again  warn  us  against  any  unnecessar}'' 
proceedings,  such  as  tapping,  which  might  permit  the  escape  of  fluid.- 

'  Naunyn  and  Rasiiiussi'n  have  asserted  that  scolices  and  brood-capsules  do  sometimes 
change  into  hydatids  (25,  p.  634). 

-  For  many  references  to  this  question,  see  Posselt  (53,  pp.  504  and  510). 
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In  concluding  this  section  we  might  mention  that  the  very  reasonablf 
suggestion  has  been  made  by  more  than  one  writer,  and  supported  by 
some  evidence,  that  the  local  conditions  of  traumatism  may  be  favourable 
to  the  harbouring  and  development  of  these  parasites  not  only  by  pro- 
ducing a  locus  minoris  resistentke,  but  also  by  affording  a  favourable  nutritive 
nidus  (cf.  8,  45). 

General  Clinleal  Aspects  of  Hydatid  Disease 

Before  proceeding  to  describe  the  symptoms,  physical  signs,  diagnosis, 
and  treatment  of  hydatids  in  the  different  organs  of  the  body,  there  arv 
certain  general  considerations,  applicable  to  hydatids  wherever  situated, 
which  may  be  advantageously  discussed. 

Symptoms. — In  conformity  with  the  comparatively  slow  growth  of 
the  parasite  the  surrounding  parts  usually  so  accommodate  themselves  to 
its  presence  that,  even  when  of  great  size,  it  may  occasion  surprisingly 
little  inconvenience.  There  may  be  a  sense  of  fulness  and  weight,  and 
an  interference  with  certain  movements  of  the  body.  Severe  pain  U 
accidental,  and  due  generally  to  irritation  of  a  nerve -twig  hy  tin' 
enlarging  capsule.  Sometimes  the  pain  is  inflammatory  in  character, 
as  when  a  pulmonary  hydatid  approaches  the  pleura  and  excites  localLsed 
pleurisy,  or  an  hepatic  hydatid  a  similar  peritonitis.  At  times  a  linng 
hydatid  is  found  in  the  substance  of  a  lung,  the  seat  of  lobar  pneumonia : 
in  this  case  the  same  pain  and  other  symptoms  arise  as  in  ordinary 
pneumonia,  and  the  one  complaint  is  almost  certainly  only  an  accidental 
complication  of  the  other. 

Symptoms  due  to  interference  with  the  function  of  an  organ  in 
which  a  hydatid  is  situated  vary  inversely  as  the  ability  of  the  organ  to 
expand.  If  the  organ  can  increase  in  size  step  by  step  with  the  growth 
of  the  parasite,  as  in  the  liver  or  spleen,  there  is  very  little  destruction 
of  tissue  in  its  neighbourhood ;  and  this  may  be  balanced  by  li^-jjertrophy 
elsewhere :  the  parenchyma  is  pushed  aside,  and  so  slowly  as  to  permit 
of  adaptation  to  its  new  conditions,  with  little  or  no  diminution  of  itjs 
function.  In  the  lung,  which  is  confined  within  moderately  resisting 
chest  walls,  as  the  parasite  enlarges  the  breathing  space  diminishes ;  for 
th(i  lung  retracts  as  the  growth  relaxes  the  elastic  pulmonary  tissue. 
When,  however,  the  retraction  is  complete,  and  the  growth  begins  to 
exert  a  distinct  pressure  on  the  chest  wall,  this  will  yield  before  iu< 
advance,  and  bulge  so  considerably  that  the  diminution  of  lung  space  will 
be  less  than  the  increase  in  the  size  of  the  tumour.  Where,  as  in  the 
brain,  no  expansion  of  the  viscus  is  possible,  pressure  symptoms  soon 
arise,  though  even  here  marked  adaptation  may  take  place  ;  thus,  in 
children,  intracranial  hydatids  acquire  a  much  greater  volume  without 
issuing  fatally  than  in  adults.  When  operated  on  they  have  been  found 
to  hold  more  than  a  pint  of  fluid,  the  bones  of  the  skull  having  become  so 
widely  separated  at  their  sutures  as  to  allow  the  head  to  become  very 
voluminous ;  or  the  bones  may  have  yielded  and  enlarged,  so  as  to 
produce  a  very  noticeable  prominence  over  a  large  area. 
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After  a  hydatid  cyst  has  been  punctured  for  purposes  of  diagnosis 
or  treatment,  an  urticarial  rash  often  follows  within  a  short  time.  This 
is  usually  general,  and  lasts  for  a  few  hours  or  one  or  two  days.  It  has 
also  been  noticed  after  the  rupture  of  a  hydatid  cyst  into  one  of  the 
large  serous  cavities.  It  is  probably  occasioned  by  absor})tion  into  the 
blood  of  a  poisonous  substance  present  in  normal  hydatid  fluid.  So  also 
a  form  of  localised  urticaria,  or  even  a  mild  cellulitis  lasting  for  one  or 
two  days,  may  follow  escape  of  fluid  into  the  subcutaneous  tissue  after 
the  puncture  of  a  superficial  cyst.  On  suppuration  of  the  adventitious 
capsule  the  symptoms  are  those  of  a  large  abscess  of  the  organ  infested 
by  the  parasite ;  sometimes  there  are  repeated  rigors,  local  pain  and  tender- 
ness, and  a  continuous  increase  in  the  size  of  the  tumour  or  organ  manifest 
on  careful  examination.  Suppurating  hydatids  have  a  marked  tendency 
to  rupture,  or  rather  to  open  into  neighbouring  cavities ;  the  symptoms, 
in  these  circumstances,  vary  with  the  direction  of  the  rupture,  whether 
into  a  bronchus,  the  bowel,  the  peritoneum,  the  pericardium,  the  urinary 
passages,  or  elsewhere. 

Physical  Signs. — On  inspection  there  may  be  a  slight  but  general 
bulging  of  the  part,  a  markedly  smooth  and  round  local  prominence,  or 
if  the  parasite  be  multiple,  a  number  of  bosses  may  exist.  Should  a 
venous  trunk  be  compressed,  its  cutaneous  branches  will  be  visible  as 
dilated  vessels.  On  palpation  the  tumour  is  found  to  be  smooth  and 
firm,  sometimes  elastic ;  in  other  cases  it  is  quite  hard,  as  though  solid. 
Fluctuation  can  seldom  be  detected  in  hydatid  tumours ;  this  is  due  to 
the  high  tension  inside  the  cysts.  On  percussion  they  are  absolutely  dull. 
In  a  certain  proportion  of  cases  they  yield  a  hydatid  thrill.  This  is  a 
peculiar  vibratory  sensation  perceived  by  the  finger  percussed,  and  when 
the  cyst  is  large  may  be  elicited  over  a  considerable  area.  It  is  not, 
however,  always  present — in  fact  it  is  only  found  in  a  small  minority  of 
hydatids.  Moreover,  the  same  sign  may  be  recognised  in  other  cysts  not 
hydatids,  such  as  hydronephroses,  ovarian  and  mesenteric  tumours,  and 
even  in  ascites.  After  withdrawal  by  aspiration  of  part  of  its  contained 
fluid,  a  thrill  has  been  obtained  over  a  hydatid,  from  which  it  was 
previously  absent.  Probably  for  its  production  the  cyst  must  be  of  a 
certain  magnitude,  its  contents  of  a  certain  density,  its  wall  of  a  certain 
thickness  and  tension,  and  its  attachment  to  surrounding  stiuctures 
definite.  These  associated  factors  are  more  frequently  found  in  hydatid 
cysts  than  in  any  others,  hence  the  sign  is  most  common  in  them ;  but 
even  in  them  they  are  generally  absent,  and  hence  the  sign  is.  unusual. 
While,  therefore,  thrill  is  highly  suggestive  of  hydatid,  it  is  not  pathog- 
nomonic ;  nor  by  its  absence  is  the  hydatid  nature  of  a  cyst  disproved. 

Diagnosis,  often  easy,  is  at  times  difficult,  or  even  impossible.  A 
rounded,  firm,  smooth,  elastic  tumour  in  an  organ  or  part,  free  from 
pain  and  tenderness,  without  antecedent  or  present  symptoms  other  than 
those  due  to  its  size,  and  yielding  a  thrill  on  percussion,  is  most  probably 
a  hydatid.  The  probability  is  increased  in  countries  such  as  Iceland 
and  Australia,  where  the  disease  is  very  prevalent.     This  element  of 
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geogmphical  distribution  cannot  be  ignored.  In  Australia,  for  iiisiauce, 
the  disease,  under  the  most  unexpected  conditions,  and  from  the  mwi 
unlikely  quarters,  is  continually  surprising  the  physician ;  so  this  jKwei- 
bility  has  constantly  to  be  borne  in  mind.  The  Eontgen  ravs  often 
aftbrd  reliable  evidence  of  the  presence  of  the  parasite,  either  by  iht 
screen,  or  even  more  satisfactorily  in  a  skiagram.  This  is  especially 
useful  when  the  parasite  is  located  in  the  centre  of  the  lung,  so  as  out 
to  yield  surface  indications  on  physical  examination  of  the  chest,  or 
when  extending  upwards  into  the  thorax  from  the  middle  of  the  dome 
of  the  liver.  An  increase  in  the  proportion  of  eosinophil  cells  in  a  blood 
count  has  been  suggested  as  confirmatory  of  the  diagnosis  of  the  par<isite, 
but  this  has  hitherto  not  proved  of  any  practical  value. 

The  question  of  the  value  and  advisability  of  aspiratory  puncture  for 
purposes  of  diagnosis  is  one  of  importance,  and  has  occasioned  some 
diflerence  of  opinion.  This  proceeding  has  certainly  often  been  performed 
without  the  slightest  evil  consequence,  and  has  atlbrded  an  absolute 
diagnosis.  Thus,  pimcture  of  a  liver  uniformly  enlarged  or  of  a  tumour 
in  the  abdomen  with  a  fine  aspirator,  trochar  and  cannula,  or  a  long  Urge 
hypodermic  needle,  has  yielded  a  quantity  of  characteristic  hydatid  fluii 
containing  scolices,  booklets,  or  microscopic  fragments  of  laminated 
membrane.  But  a  negative  result  may  follow  and  mislead.  A  hydauU 
even  of  considerable  magnitude,  if  closely  packed  with  small  daughter 
cysts,  will  yield  no  fiuid,  or  so  little  as  to  be  overlooked,  and  the  tumour 
will  be  regarded  as  a  solid  growth.  In  these  circumstances,  if  th*- 
contents  of  the  syringe  are  blown  out  upon  a  microscop>e  slide,  a  tiny 
fragment  of  hydatid  cyst  may  be  obtained  from  the  needle,  and  will 
prevent  error  and  make  the  decision  positive  and  final.  This  should 
always  be  practised  when  the  needle  is  used  and  the  tapping  is  ap|>arently 
"  dry."  Another  source  of  uncertainty  and  fallacy  exists.  Frequenth 
no  hydatid  structures  are  obtained,  and  we  have  then  to  de])end  on  thf 
character  of  the  fluid.  Unfortunately,  as  we  have  said,  there  are  twf 
liquids  with  which  that  from  a  hydatid  is  identical  in  ap{>earance,  aiui 
nearly  so  on  chemical  analysis,  the  cerebrospinal  and  that  of  some 
hydronephroses.  When  cerebral  symptoms  have  pointed  somewhat 
indefinitely  to  an  intracranial  hydatid,  and  on  trephining  the  skull  fluid 
has  been  withdrawn  hy  a  long  hypodermic  needle,  it  is  a  matter  of 
serious  moment,  in  regard  both  to  diagnosis  and  treatment,  to  determine 
whether  this  has  come  from  a  dilated  ventricle  or  from  a  hydatid.  In 
the  latter  c;isc  an  opening  should  be  made  in  the  brain  8ul)stance  for  the 
removal  of  the  parasite  ;  in  the  former  such  a  proceeding  is  undesimblt 
and  might  be  fatal.  We  have  no  test  at  present  to  decide  the  question : 
l)oth  fluids  are  clear  and  watery,  both  contain  sodium  chloride  and  a  tratf 
of  sugar.  The  same  difliculty  arises  in  respect  of  a  renal  cyst.  Thoiuib 
many  hydronephroses  contiiin  fluid  evidently  urinous,  some  yield  a  liqui<i 
exactly  like  that  from  a  hydatid.  If  we  are  sure  that  the  cyst  lies  in 
the  suKstiiuce  of  the  liver  or  spleen,  the  exhaustion  of  fluid  of  a  clt-ar 
watery  character  decides  the  diagnosis ;  but  we  cannot  always  be  certitin 
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of  the  situation  of  the  cyst ;  for  a  right  hydronephrosis  is  sometimes 
adherent  to  the  under  surface  and  margin  of  the  liver,  and  at  times 
physical  signs  leave  us  in  doubt  whether  a  tumour  in  the  left  hypo- 
chondrium  and  anterior  lumbar  region  be  in  the  left  lobe  of  the  liver,  in 
the  spleen,  or  in  the  kidney.  When  the  lung  is  the  seat  of  disease  it 
might  be  thought  impossible  to  err.  But  here  we  are  confronted  by 
another  and  special  difficulty  which  may  serve  as  an  introduction  to  a 
consideration  of  the  several  dangers  of  aspiratory  puncture.  Numerous 
instances  testify  to  the  possible  danger  of  withdrawing  even  a  small 
quantity  of  fluid  from  a  pulmonary  hydatid.  In  consequence  of  this 
apparently  trifling  opei'ation  the  cyst  may  burst,  and  its  contents,  rushing 
up  the  bronchial  tubes,  which  frequently  open  directly  and  freely  into 
the  cavity  in  which  it  lies,  may  flood  both  lungs  and  drown  the  patient. 
Even  if  this  fatal  catastrophe  should  not  occur,  a  most  violent  suflbcative 
cough  may  be  excited,  with  expectoration  of  blood  and  of  such  quantities 
of  hydatid  fluid  as  utterly  to  prostrate  the  patient  even  within  a  few 
minutes.  And  within  two  or  three  days  there  may  be  marked  signs  of 
septic  contamination  of  the  sac,  such  as  pyrexia  and  the  ejection  of 
extremely  fetid  sputa.  For  these  reasons  we  lay  down  the  nile  that  no 
medical  man  should  ever  use  a  needle  in  his  consulting-room  to  make  a 
diagnosis  in  a  possible  pulmonary  hydatid ;  nor  should  he  attempt  to 
draw  off*  the  fluid  in  a  probable  hydatid  of  the  lung  until  he  has  excised 
a  portion  of  a  rib,  and  is  ready  for  immediate  incision  directly  its 
parasitic  nature  is  established  by  puncture.  There  are  other  sources  of 
danger  in  aspiration  for  diagnostic  pui*poses.  If  the  sac  be  on  the 
surface  of  an  organ  such  as  the  lung,  liver,  spleen,  or  kidney,  or  is 
situated  in  the  omentum,  and  the  serous  surfaces  covering  it  are  not 
united  by  adhesions,  the  puncture  may  permit  the  more  or  less  rapid 
leakage  of  the  contents  of  the  hydatid  into  the  surrounding  serous  cavity, 
and  scolices,  brood-capsules,  and  minute  daughter  cysts  may  escape,  and 
lead  to  a  disseminated  multiple  infection  with  disastrous  consequences. 
In  not  a  few  instances,  too,  this  simple  procedure  has  been  followed  by 
an  immediate  collapse  of  the  patient,  sometimes  attended  with  profuse 
vomiting  and  purging,  and  proving  rapidly  fatal.  This  dread  eventuality, 
which  cannot  be  foreseen  nor  guarded  against,  is  attiibuted  to  the  sudden 
entry  into  the  blood  of  an  unknown  but  very  potent  toxin.  A  less 
serious  but  very  distressing  occasional  consequence  is  a  smart  attack  of 
urticaria  with  some  elevation  of  temperature.  For  these  reasons  we 
deprecate  any  routine  or  unnecessary  employment  of  aspiratory  puncture 
in  diagnosis,  and  if  the  other  clinical  methods  at  our  disposal  suggest 
the  presence  of  the  parasite,  it  is  probably  much  safer  and  more  satis- 
factory to  make  a  small  exploratory  incision  wherever  practicable. 

Prophylaxis. — The  general  nature  of  the  measures  calculated  to  pre- 
vent or  at  least  to  limit  the  spread  of  hydatid  disease  becomes  evident 
from  what  has  been  said  concerning  the  conditions  which  give  rise  to  it. 
As  the  prevalence  of  the  parasite  in  man  depends  primarily  upon  the 
number    of    dogs   afiected    with    Tosnia    echinococcus  and    the    facilities 
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afforded  for  the  entrance  of  the  ova  into  the  human  body,  it  folloM-s  iLi: 
laws  which  require  registration  of  dogs,  and  the  destruction  of  tboe 
which  are  not  registered,  are  of  the  greatest  service  if  vigorously 
enforced.  These  laws  not  only  usefully  restrict  the  number  of  all  dojrs. 
but  also  serve  especially  to  limit  the  class  of  vagrant  or  ownerless  do^-^ 
which,  in  the  absence  of  regular  feeding  with  wholesome  househol«i 
scraps,  are  liable  to  be  infected  by  the  offal  of  butchers*  shops  or 
abattoirs.  The  offal  of  such  establishments  should,  in  fact,  be  >•:• 
disposed  of  that  dogs  cannot  possibly  obtain  it.  A  further  safe^mi 
would  be  to  abstain  from  feeding  dogs  \iath  raw  meat  of  any  descrip- 
tion ;  for  the  usual  culinary  methods  of  preparation  are  destructive  t^' 
the  life  of  the  bladder -worms  should  they  exist.  Judicious  cathiirtiv 
and  anthelmintic  medication  of  dogs  might  also  be  of  ser^-ice,  Init  i: 
must  bo  remembered  that  any  such  treatment  must  be  accompanied  t'V 
such  a  disposal  of  the  excreta  as  will  prevent  further  infection.  Indee«l 
similar  sanitary  precautions  should  invariably  be  taken  to  render 
innocuous,  by  boiling  water  or  other  means,  the  excretions  whiih 
accumulate  about  kennels  or  other  places  where  dogs  congregate. 

The  water-supply  being,  as  we  have  said,  the  princip»al  source  i-f 
the  disease  in  man,  all  those  measures  are  efficient  prophylactics  whitb 
protect  it  from  contamination  with  the  tapeworm  ova,  which  are  liabl*- 
to  be  blown  into  it  by  the  wind,  or  carried  thither  hy  the  washin«;p  "t 
the  surface.  Boiling  or  effective  filtration  of  the  water  may  l>e  re<r*irdtii 
as  absolute  safeguards,  and  too  great  care  cannot  be  taken  in  the 
cleansing  of  those  ground  vegetables  which  are  eaten  i-aw.  It  h:i5 
been  suggested  that  the  ova  may  gain  entrance  into  the  lungs  with 
the  inspired  air.  In  Australia,  at  least,  where  the  facilities  for  infec- 
tion exist  to  so  gi'eat  a  degree,  and  where  dust-storms  are  frequent,  it  is 
possible  that  such  minute  bodies  as  the  ova  might  in  this  way  ^<iiii 
entrance  to  the  body ;  it  is  even  conceivable  that  the  secretions  of  the 
air-passages  might  possess  a  sufficiently  corrosive  or  solvent  action  to 
liberate  the  contained  embryo ;  but  direct  proof  is  yet  wanting,  and  wf 
may  probably  with  safety  regard  the  alimentary  canal  as  the  onlv 
channel  of  entrance  to  the  body.  We  repeat  that  the  bad  habit  of 
kissing  pet  dog.s  is  dangerous  in  respect  of  the  possibility  of  direct 
transfer  of  hydatid  from  beast  to  man,  and  disgusting  in  respect  of  some 
of  the  ha))its  of  the  tribe. 

It  cannot  be  too  emphatically  stated  that,  for  all  practical  purposes, 
the  whole  question  of  prophylaxis  may  be  comprised  in  the  statements, 
that  if  there  were  no  dogs  containing  Tcmia  echtiuKoccus  there  would  be 
no  hydatid  disease ;  or  that,  if  the  source  of  supply  of  bladder-wo^n^ 
were  entirely  cut  off",  dogs  would  no  longer  be  infested  with  TiVi)** 
rrhiuococrn.'i. 

Treatment.  —  A  great  variety  of  remedial  measures  have  l»ee»i 
applied  to  hydatid  disease,  and  these  may  be  classified  in  two  gniu|>^ 
— those,  namely,  which  aim  at  the  destruction  of  the  life  of  the  parasite 
in  sihi,  and  those  which  aim  at  its  removal. 
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1.  Measures  which  aim  at  the  destruction  of  the  life  of  the  parasite. 

(<')  Iniernal  iidminist ration  of  drugs.  —  Of  the  various  medicaments 
which  have  been  used  with  this  object  it  may  be  confidently 
asserted  that  they  are  absolutely  useless. 
(//)  Acupuncture, — Long  thin  needles  are  inserted  into  the  cyst,  left 
there  for  ten   or  fifteen   minutes,  and   then  removed.      This 
probably  cures  (when  it  does  cure)  by  allowing  the  contents 
of  the  bladder  to  escape  into  adjacent  cavities,  such  as  that 
of  the  pentoneum  in  the  case  of  the  liver.     Apart  from  the 
great    uncertainty    of    the    method,    it    is    reprehensible    on 
account  of  the  possibility  of  a  general   parasitic  invasion  of 
the  peritoneum  by  escaped  scolices,  a  subject  we  have  already 
discussed. 
(/•)  Eledrolym  probably  acts  not  by  virtue  of  the  electric  current,  but 
of  the  acupuncture  ;    and   the  practice  is   to   l)e    condemned 
accordingly. 
{d)  Injection  of  fluids  into  the  cyd  after  remoml  of  some  of  its  conteuts. — 
The  following  have  been  employed  : — Extract  of  male   fern, 
carlx)lic  acid,  alcohol,  solution  of  pepsin,  poUissium   perman- 
ganate,   tincture    of   iodine,    mercuric    chloride.      None    have 
proved  efficacious. 
(e)  Aiipiratoiy  puncture  ami  witJulrawal  of  flu'ul. 
2.   Measures  having  the  object  of  complete  removal  of  the  parasite. 

(a)  By  means  of  an  opening  made  with  cau^Htira  (K^?«miier*8  method). 
(A)  Ijong  -  continued    drainage   and    evacuation    through    a    cannula 
inserted  into  the  cyst  and  retained  for  a  long  period  (canule  a 
demeure). 
(c)  Double  puncture  with   small  troehars,  follou'ed  by  incision  (Simon  s 

method). 
{(l)  Various    forms   of   direct   incision    with    immediate,    or   delayed, 

removal  of  the  jmnwite. 
Nearly  all  these  methoils  are  now  merely  matters  of  historic  interest ; 
two  only  require  fiu-ther  consideration  ;  the  others  having  been  proved  to 
be  either  inefficient,  or  open  to  objections  so  serious  as  to  have  led  to 
their  abandonment.  The  two  methods  we  shall  discuss  are  Jispiratory 
puncture  and  removal  by  direct  incision. 

Aspiraionj  Puncture. — Under  antiseptic  precautions,  and  hy  means  of 
an  aspirator  needle,  which  should  not  exceed  one-sixteenth  of  an  inch  in 
diameter  (results  having  shewn  conchisively  the  su|)erior  safety  of  a 
small  needle  as  compared  with  larger  sizes),  as  nnich  fiuid  is  drawn  off 
as  will  flow.  Tiiis  simple  and,  as  its  advocates  urge,  siife  procedure 
does  undoubtedly  cause  the  de^ith  of  the  parasite  in  a  certiun  proportion 
of  cases,  and  the  consequent  cure  of  the  patient ;  indeed,  this  event  may 
happen  after  withdrawal  of  a  very  small  quantity  of  fiuid,  the  dead 
organism  then  passing  through  the  same  kind  of  harmless  retrogressive 
changes  as  it  does  when  undergoing  spontaneous  cure.  It  must  l^e 
remembered,  however,  that,  although  the  aspiratory  puncture  may  have 
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caused  the  death  of  the  parasite,  the  tumour  may  quickly  regain  lu 
former  size.  If  now  a  portion  of  the  fluid  should  be  again  withdrawn  it 
will  be  found  to  be  albuminous,  the  sac  (or  cyst)  having  become  filled 
with  serum,  which  may  either  be  absorbed,  with  a  resultant  cure,  or 
suppurate,  the  latter  event  being  especially  liable  to  occur  on  a  further 
attempt  to  remove  the  fluid. 

Notwithstanding  the  favourable  results  which  have  undoubt^dlj 
attended  this  method  of  treatment  in  many  cases,  some  very  serious 
objections  are  urged  against  it  In  spite  of  its  simplicity  the  operation 
is  by  no  means  devoid  of  danger;  death,  with  cardiac  diastole,  his 
occurred  in  a  considerable  number  of  instances  from  the  toxic  effects  li 
the  absorption  of  the  fluid,  with  such  suddenness  as  to  indicate  its  direct 
entrance  into  the  vascular  system ;  and  extreme  collapse,  from  which, 
however,  the  patient  may  gradually  recover,  is  not  infrequent  The 
operation  is  only  likely  to  be  successful  in  simple  living  cysts,  or  in 
those  at  any  rate  in  which  there  are  few  daughter  cysts — conditions 
which  are  quite  undeterminable  beforehand.  In  any  case  no  assurance 
can  be  given  that  the  operation  will  be  successful,  for  the  piuicture  fre- 
quently fails  to  kill  the  parasite,  or,  still  worse,  leads  to  inflammaton* 
or  suppurative  changes.  Even  if  its  life  be  destroyed  it  remains  in  ih^ 
viscus  a  bulky,  dead  organism,  prone  to  decomposition  with  all  its 
mischievous  complications.  This  method  is  quite  inadmissible  in 
suppurating  or  ruptured  cysts,  and,  indeed,  we  hold  that  its  emplny- 
ment  as  a  curative  measure  is  strongly  to  be  deprecated  as  unsound  in 
principle,  and  in  practice  neither  efiicient  nor  safe. 

In  Australian  practice,  based  upon  a  large  experience,  there  i3 
a  marked  tendency  not  only  to  abandon  aspiration  altogether  as  x 
curative  means,  but  also,  as  far  as  possible,  to  limit  its  application 
even  as  a  means  of  diagnosis. 

Remmxil  by  Incision. — The  operations  included  under  this  head  aim 
at  removal  of  the  parasite,  either  at  once  or  after  some  little  delay. 
The  particular  method  known  as  Lindemann's  op>eration  has  been 
successfully  adopted  by  Australian  surgeons  for  some  years.  In  this 
procedure  the  cyst  and  its  contents  are  removed,  at  the  time  of 
operation,  by  an  incision  made  through  the  most  prominent  (virt  of 
the  tumour,  or,  it  may  be,  at  some  other  spot  from  which  the  parasite 
is,  on  anatomical  grounds,  more  conveniently  accessible.  The  edgvs 
of  the  visceral  wound,  if  not  already  adherent,  as  is  frequently  the 
case,  are  attached  by  stitches  to  those  of  the  parietes  of  the  bodj. 
so  that  the  pouch  or  cavity  formerly  occupied  by  the  parasite  dmim 
externally,  hence  the  term  marsupialisation  applied  to  this  method. 
Rarely  is  any  difficulty  experienced  in  the  dislodgment  of  the  mother 
bladder,  which  readily  presents  itself  in  the  woimd,  and,  so  to  speak, 
invites  removal ;  moreover,  it  is  remarkable  how  soon  enormous  caritir* 
close  up  by  adherence  of  the  collapsed  walls  or  by  granulation. 

This  method  of  marsupialisation,  though  on  the  whole  practise^i 
with  a  large  measure  of  success  in  Australia  and  elsewhere,  is,  it  most 
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be  admitted,  occasionally  followed  by  certain  inconveniences  such  as 
protracted  recovery,  long- continued  suppuration,  and,  in  the  case  of 
the  liver,  biliary  flux,  persistent  fistulse  or  immobilisation  of  important 
organs  in  a  faulty  position.  Recognising  these  objections,  Mr.  Bond  of 
Leicester,  in  1891,  advocated  and  practised  a  procedure  for  abdominal 
hydatids  by  which,  after  the  removal  of  the  bladder-worm,  its  cavity  is 
carefully  emptied,  cleansed,  closed  by  sutures,  or  even  left  unclosed  and 
the  viscus  returned  into  the  abdomen.  The  wound  in  the  abdominal 
wall  is  closed  as  in  an  ovariotomy.  This  is  an  ideal  method,  but  it  is  not 
always  applicable ;  nevertheless  suppurating  cysts  have  been  successfully 
treated  in  this  way.  Delbet  has  proposed  the  practice  of  obliterating, 
as  far  as  possible,  the  cavity  of  the  adventitious  capsule  by  bringing 
its  opposing  walls  together  by  sutures  (capitminage). 

Still  more  recently  Mabit  of  Buenos  Ayres  advocates  the  resection  of 
as  much  as  possible  of  this  sac  in  addition  to  the  return  of  the  affected 
viscus  into  the  abdomen.  Discussion  of  the  relative  advantages  of  these 
and  other  methods  of  operation  is,  however,  beyond  the  scope  of  this 
article,  and  must  be  sought  for  in  surgical  treatises.  But  we  may  again 
insist  that  the  first  principle  of  treatment  is  the  complete  removal,  not 
the  death  in  situ,  of  the  parasite,  and  this  can  only  with  certainty  be 
insured  by  some  method  of  incision.  Then  remembering  the  dangers, 
already  alluded  to  more  than  once,  that  may  follow  escape  of  the  fluid 
contents  in  the  form  either  of  dissemination  of  daughter  cysts,  brood- 
capsules,  or  scolices,  which  may  give  rise  to  multiple  infection,  or 
of  severe  toxic  action  of  other  constituents,  it  is  most  important 
that  the  efforts  of  the  operating  surgeon  should  have  regard  to  the 
possible  occurrence  of  these  contingencies.  It  is  for  such  reasons,  as 
well  as  for  the  risk  of  septic  infection,  that  we  have  more  than  once 
deprecated  the  unnecessary  use  of  aspiratory  punctiwe  for  diagnostic 
purposes.  In  addition  to  the  ordinary  methods  of  diagnosis  we  now 
have  the  effective  assistance  of  the  Rontgen  rays  and  of  stereoscopic 
radiography,  the  value  of  which  has  been  amply  demonstrated.  If  all 
these  means  should  still  fail  to  reveal  the  existence,  or  site,  of  a  hydatid 
cyst,  it  is,  we  are  convinced,  safer  to  make  a  small  exploratory  incision 
wherever  this  is  possible. 

The  following  propositions  indicate  the  principles  of  the  treatment 
of  hydatid  disease  that  are  generally  accepted  in  Australia  : — 

1.  The  objections  to  aspiratory  puncture  are  that  it  is  only  appli- 
cable to  a  small  class  of  cases ;  that  even  in  these  it  frequently  fails  in 
its  object ;  that  it  is  in  itself  a  possible  source  of  danger,  by  inducing 
suppurative  changes,  or  by  permitting  leakage  of  fluid  with  possible 
consequences  that  we  have  sufficiently  indicated  ;  and  that,  at  best,  it 
leaves  the  dead  organism  in  place.  In  pulmonary  hydatids  there  is  a 
special  risk  of  suff*ocative  flowling. 

2.  Removal  of  the  parasite  by  incision  is  an  effectual  and,  with 
proper  care,  a  reasonably  safe  proceeding ;  it  should  be  the  recognised 
and  general  practice. 
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3.  No  other  treatment  is  justifiable  in  suppurating  or  ruptuned 
hydatids,  if  we  except  those  in  which  spontaneous  evacuation  by  the 
natural  channels  is  in  progress  and  urgent  symptoms  absent,  when 
probably  the  best  treatment  is  to  leave  matters  alone. 

4.  Lindemann's  operation,  in  which,  after  removal  of  the  paraidtc. 
the  cavity  of  the  adventitious  sac  is  left  to  drain  externally,  has  sUxxi 
the  test  of  a  large  experience  with  favourable  results,  and  is  probabh- 
the  best  and  safest  procedure  for  general  application.  Possibly,  how 
ever.  Bond's  operation,  or  some  modification  of  it,  in  which,  afier 
evacuation,  the  emptied  adventitious  sac  is  left  behind,  niay  prove  ^> 
be  more  satisfactory  in  certain  cases,  the  proper  limits  of  which  luve 
yet  to  be  determine  by  the  test  of  experience. 

Hydatids  in  the  various  Viseera  of  the  Body 

Distribution  of  Hydatids  in  the  Body. — In  1000  autopsies  per- 
formed in  the  mortuary  of  the  Adelaide  Hospital,  South  Australia,  forty- 
nine  bodies  contained  hydatids,  that  is,  about  5  per  cent.  Eleven  of  these 
were  cases  of  multiple  hydatids ;  in  five,  two  organs  were  infested  ;  and 
in  six,  three  or  more  of  the  viscera.  In  thirty-six  instances  the  liver  was 
involved ;  in  nine  the  lungs ;  in  six  the  spleen ;  in  five  the  kidney ;  in 
five  the  peritoneum ;  in  four  the  brain,  and  in  one  the  heart.  In  i 
more  extended  table  compiled  by  Thomas,  comprising  for  all  coimtrie* 
nearly  1900  cases,  the  frequency  with  which  difiPerent  organs  arf 
attacked  is  shewn  by  the  following  percentages :  liver,  57 ;  hmgs, 
11*6;  kidney,  4*7;  brain,  4*4;  spleen,  2*1;  heart,  1*8;  peritoneum, 
omentum,  and  mesentery,  1*4. 

Hydatid  of  the  Liver. — SyinpUmis, — There  may  be  aching  alwut  th« 
right  shoulder,  and  if  the  hydatid  be  large,  a  sense  of  weight  and  distension 
about  the  right  hypochondrium.  Actual  pain  is  rare,  but  enlargement 
upwards  into  the  chest  has  caused  a  severe  paroxj'smal  neuralgia,  awi 
when  suppuration  supervenes  it  is  often  acute,  and  an  excniciating 
hepatic  colic  attends  the  passage  of  membranes  along  the  bile-ducts.  The 
functions  of  the  stomach  and  bowels  are  seldom  interfered  with^  even 
when  the  cyst  is  so  large  as  to  fill  and  distend  the  abdomen.  Not  infre- 
quently, at  an  autopsy,  a  parasite  of  no  small  size  is  discovered,  which 
has  occasioned  no  symptoms  dining  life,  or  none  sufficient  to  attnut 
attention. 

Physiml  Signs. — These  will  vary  with  the  size  and  situation  of  the 
parasite :  if  it  be  small  and  deep-seated  they  will  be  absent.  If  on  the 
upper  siu^ace,  there  may  be  bulging  of  the  right  side  of  the  chest— ai 
first  only  at  the  lower  part,  but  later  almost  universally,  nith  a  niorr 
open  curve  to  the  costfil  arch,  and  widening  and  bulging  of  the  inttjr 
eost^il  spaces  even  ])eyond  the  level  of  the  ribs.  The  thoracic  hepatic 
vluliiess  is  increased  upwards  ;  in  one  case  it  was  as  high  as  the  first  riK 
It  is  often  dome-shaped  in  the  front,  the  side,  or  the  bfick  of  the  chest 
Percussion  in  the  intercostal  spaces  gives  the  sensation  of  great  iieisistance. 
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The  heart  may  be  displaced  to  the  left  if  the  parasite  is  in  the  right  lobe, 
or  be  raised  or  pushed  bodily  fonvards,  with  an  increased  force  and  area 
of  the  ]>alpable  impulse,  if  in  the  left  lobe.  If  the  parasite  be  large 
and  in  the  substance  of  the  liver,  the  size  of  the  organ  is  manifestly 
increased,  either  generally  or  only  as  regards  one,  usually  the  right,  lobe. 
The  liver  margin  is  depressed,  even  to  the  pelvis ;  its  outline  may  be 
normal,  elongated  at  some  part,  or  with  a  more  or  less  pedunculated  out- 
growth. The  surface  is  uniformly  smooth,  or  bulged  at  one  spot,  the 
bulging  being  either  regularly  convex  or  more  or  less  lobulated  ;  or  if  the 
hydatid  be  multiple,  the  liver  may  be  studded  with  prominent  l>osses  like 
cancerous  nodule^?.  The  enlargement  is  generally  firm,  and  often  elastic. 
Fluctuation  is  very  rarely  elicited,  percussion  does  at  times  yield  the 
hydatid  thrill.  Jaundice  in  the  absence  of  suppuration  is  very  unusual, 
though  it  has  been  noted  when  membranes  have  entered  and  blocked  the 
bile -ducts,  or  the  cyst  has  pressed  upon  them  in  the  portal  fissure. 
Ascites  is  so  uncommon  as  to  be  a  pathological  curiosity.  Rupture  of 
an  uninflamed  cyst  into  the  peritoneal  cavity  has  caused  a  voluminous 
ascites,  which  yielded  bile-sUiined  senim  containing  booklets.  Occasion- 
ally dilated  veins  coiu'se  over  the  lower  chest  and  upper  abdomen. 

Hydatid  of  the  liver  often  suppurates,  either  immediately  after 
aspiratory  puncture,  tapping  with  trochar  and  cannula,  or  accidental 
injury :  sometimes  this  event  occurs  spontaneously,  l)eing  due,  occasion- 
ally at  any  rate,  to  rupture  of  a  bile-duct  into  the  cyst.  The  symptoms 
induced  may  be  quite  insignificant;  but  more  often  pyrexia  of  the  remit- 
tent type  supervenes  with  general  constitutional  distui'bance,  rigors,  and 
wasting ;  the  tumour  becomes  painful  and  tender,  increases  noticeably  in 
size,  and  the  skin  over  it  may  grow  red  and  resemble  a  pointing  abscess. 
Jaundice  is  frequent.  When  a  cyst  is  in  the  dome  of  the  liver  it  leads  to 
pleurisy  with  abundant  serous  infusion,  or  with  plastic  exudation  only. 

Unless  dealt  with  surgically  a  li^^ng  or  a  suppurating  hydatid  of  the 
liver  will  extend,  and  discharge  itself  in  one  of  several  directions  as 
follows  : — ( 1 )  Into  the  alimentary  tract  most  commonly — either  into  the 
intestine,  or  if  in  the  left  lobe,  into  the  stomach.  The  tumour  may  thus  be- 
come tympanitic  from  entry  of  gas.  The  membranes,  white  or  bile-staint'd, 
may  be  vomited  or  })assed  by  the  bowel  ;  and  this  evacuation  may  persist 
for  weeks  or  months,  with  eventual  complete  recovery  or  death  from 
exhaustion.  (2)  Into  a  bronchial  tube,  after  the  formation  of  fidhesions 
between  the  liver,  diaphragm,  and  lung,  generally  the  right.  Skins  are 
expectorated,  which  are  colourless,  or  in  some  cases  deeply  ))ile-staine(l. 
When  all  are  thus  removed  the  cavity  contracts  and  health  is  restored. 
On  the  other  hand,  the  patient  often  dies  from  exhaustion,  the  result  of 
prolonged  suppuration  with  hectic  symptoms :  or  from  profuse  hjemoptysis, 
gangrene  of  the  lung,  or  suffocation  due  to  obstruction  of  the  air-paswiges 
by  a  large  piece  of  membrane  or  an  unniptured  daughter  cyst.  (3)  Into 
the  pleural  sac,  producing  pleurisy  generally  suppurative,  or  pyo-pneumo- 
thorax  from  associated  ulceration  into  a  bronchus  or  the  l)Owel. 
(4)  Into  the  peritoneal  cavity,  setting  up  an  intense  and  generally  fatal 
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peritonitis.  If,  however,  the  hydatid  has  not  suppurated,  its  bursting 
uiLiy  occasion  only  a  mild  peritonitis  with  much  ascitic  accumulation  and 
cht)  eventual  development  of  a  general  hydatid  infection  of  the  abdomiiuJ 
Ciivity,  (5)  Through  the  abdominal  wall.  (6)  Into  the  gall-bladder  or 
the  biliary  passages,  inducing  biliary  colic  with  or  without  jaundice 
(7)  Into  the  pericardial  sac.  (8)  Into  the  hepatic  veins  in  the  substance 
of  the  liver,  whence  the  membranes  are  carried  into  the  pulmon&ry 
arteries  and  cause  sudden  death  or  rapidly  fatal  syncope. 

Diagnosis. — Hydatid  has  to  be  distinguished — (A)  from  other  diseases 
of  the  liver  causing  enlargement ;  (B)  from  extra-hepatic  affections. 

A  1 .  Lardaceous  disease  may  be  simulated  by  a  parasite  so  deep  iu 
the  substance  of  the  liver  as  to  cause  no  globulai*  swelling  on  its  surface, 
and  big  enough  to  enlarge  the  organ  downwards.  An  associated  enlarge- 
ment of  the  spleen,  and  albuminuria,  with  a  history  of  long-continued 
suppuration,  would  indicate  waxy  liver.  When  the  amyloid  condition 
is  due  to  syphilis  the  organ  may  be  nodulated  from  the  contraction 
of  fibroid  trabeculae,  the  result  of  obsolete  gummas,  and  may  thus 
resemble  multiple  superficial  hydatids.  Such  syphilitic  livers,  however, 
are  generally  painful  and  tender,  and  are  often  immobile  on  deep  inspira- 
tion, owing  to  adhesions  from  old  perihepatitis.  A  history  of  syphilis, 
the  existence  of  present  or  the  evidence  of  past  manifestations,  and  an 
associated  albuminuria  will  assist  in  the  diagnosis. 

A  2.  Cancer  of  the  liver  may  cause  uniform  enlargements,  local 
bulging,  or  multiple  bosses,  and  so  resemble  hydatids.  Rapid  increase  of 
the  liver  or  its  prominences,  pain,  tenderness,  and  jaundice  suggest 
carcinoma;  provided  suppuration  can  be  excluded  by  the  absence  of 
pyrexia,  rigors,  etc.  So  also  do  cancerous  cachexia  and  wasting,  um- 
bilication  of  the  bosses,  a  history  of  previous  removal  of  a  malignant 
growth,  or  the  presence  of  a  suspicious  neoplasm,  either  external  or 
internal,  e.g.  per  rectum.  On  the  other  hand,  the  patient  may  l»e  too 
young  to  render  cancer  probable. 

A  3.  Tropical  abscess  can  only  be  confounded  with  a  suppurating 
hydatid.  The  infrequency  of  hydatids  in  the  tropics,  and  of  tropical 
abscess  in  temperate  zones,  and  the  fact  that  tropicjil  abscess  of  the  liver 
is  in  the  vast  majority  of  cases  preceded  or  accompanied  by  dysentery, 
will  aid  in  forming  a  decision ;  though  this  is  not  of  much  moment,  a^ 
the  treatment  of  the  two  complaints  is  identical. 

A  4.  Nutmeg  liver  from  cardiac  failure.  A  hydatid  may  exist  in 
the  liver  of  a  patient  afflicted  with  heart  disease,  but  a  local  bulging  can- 
not be  due  to  simple  engorgement.  A  patient  with  heart  disease  who 
has  had  a  hydatid  removed  from  the  right  lobe  has  appeared  a  year  or 
two  later  with  a  greatly  enlarged  left  lobe,  pyrexia,  local  tenderness,  and 
some  jaundice.  History  and  physical  signs  suggested  a  second  parasite 
now  sui>purating ;  but  inquiry  revealed  acute  rheumatic  pains  at  the 
onset  of  feverishness,  and  improvement  on  administration  of  salicylate 
of  sodium,  with  subsidence  of  the  hepatic  enlargement,  dissipatecl  the 
possibility  of  a  suppurating  hydatid. 
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A  0.  Though  cirrhosis  of  the  liver  may  give  rise  to  a  general  increase 
in  size,  it  is  rarely  partial  so  as  to  produce  a  local  bulging  likely  to 
imitate  a  hydatid  tumour.  Further,  in  cirrhosis  there  is  generally  a 
history  of  alcoholism  and  of  gastric  disturbance,  often  the  aspect  of  over- 
stimulation, and  frequently  more  or  less  icterus ;  while  the  edge  of  the 
liver  may  be  hard,  and  the  surface  palpably  granular. 

A  6.  A  distended  gall-bladder  may  be  indistinguishable  from  a 
hydatid  springing  from  the  under  surface  of  the  liver  and  projecting 
downwards  from  its  lower  margin.  Both  tumours  may  be  somewhat 
movable,  clastic,  and  obscurely  fluctuating.  The  gall-bladder  is  generally 
larger  below  and  narrower  above,  and  a  hydatid  the  reverse,  but  not 
always.  A  history  of  sudden  pain  followed  by  gradual  enlargement 
would  suggest  obstruction  of  the  cystic  duct  by  a  gallstone  ;  though 
such  obstruction  with  patency  of  the  common  duct  and  without  jaundice 
is  uncommon.  Exploratory  puncture  in  the  one  case  might  yield  a 
clear,  watery,  non-albuminous  fluid  containing  booklets  or  membranes, 
and  in  the  other  a  mucoid  or  biliary  liquid.  But  it  should  be  re- 
membered that  both  a  distended  gall-bladder  and  a  dead  hydatid  may 
contain  either  colourless  serum  or  bile-stained  fluid,  or,  if  they  have 
suppurated,  a  puriform  liquid,  and  that  such  puncture  is  not  only  unre- 
liable on  this  account,  but  for  other  reasons  is  less  desirable  than  incision. 

A  7.  Simple  cyst  of  the  liver  is  seldom  large  enough  to  be  recognised 
during  life.  When  palpable,  its  low  tension,  in  marked  contrast  with  the 
firm,  almost  solid  feel  of  a  hydatid,  has  raised  the  suspicion  of  its  non- 
parasitic nature.  Wlien  the  organ  is  nodulated,  and  concomitant  nodula- 
tion  of  both  kidneys  can  Iw  detected,  non-parasitic  cystic  disease  should 
be  diagnosed.  Though  multiple  hydatids  might  exist  in  all  these  organs, 
this  would  be  very  unlikely.  Usually,  though  not  invariably,  simple 
cysts  contiiin  serum,  but  aspiration  is  not  advisable. 

B.  Ertra-hejmtir  Affections. — B  1.  Right  pleural  efl*usion  generally  gives 
an  area  of  dulness,  with  its  upper  limit  sloping  oblicpiely  downwards  and 
forwards  from  the  spine,  whereas  in  hydatid  the  uppi^r  margin  of  impiiired 
resonance  often  descends  as  it  approaches  the  backbone.  This  test  does 
not  apply  when  the  pleural  eff*usion  is  loculated  as  the  result  of  old 
adhesions,  or  when  the  patient  has  habitually  leant  forwards  during  his 
illness,  in  which  case  the  upper  limit  of  pleural  dulness  may  be  higher  in 
front.  In  pleund  eff*usion  a  history  may  be  obtained  of  acute  piiin, 
fever,  and  recent  onset  without  any  preceding  dyspnu^a.  A  friction 
sound  does  not  aid  in  the  diagnosis,  as  it  may  be  heard  in  either  com- 
plaint. Pleural  effusion,  of  course,  does  not  exclude  hydatid  of  the  liver, 
since  an  inflamed  cyst  may  set  up  pleurisy ;  but  if  the  effusion  be 
a))sorbed,  or  be  evacuated,  the  dulness  due  to  the  parasite  will  remain. 
An  aspirating  needle  will  then  withdraw  senmi  at  first,  and  when  used 
again  will  yield  hydatid  fluid  ;  or  if  introduced  deeply  it  may  enter  the 
liver  and  strike  the  contents  of  the  parasite,  and  as  the  needle  is  being 
removed  it  may  withdraw  serum  from  the  pleural  ciivity. 

B  2.  Hydatid  at  the  base  of  the  right  lung  is  usually  indistinguish- 


ioi8  SYSTEM  OF  MEDICINE 

able  from  a  pai-asite  on  the  convexity  of  the  liver.  If,  however,  it  Ao^ 
not  involve  the  extreme  base  of  the  lung,  the  existence  of  a  line  •>i' 
resonance  between  it  and  the  normal  hepatic  dulness  might  render  n 
diagnosis  possible.  It  is  more  likely  to  cause  lateral  displacement  of  tht> 
heart,  and  less  likely  to  produce  descent  of  the  liver  margin  below  the 
costal  arch. 

B  3.  Subphrenic  hydatid  cannot  be  diagnosed  from  the  hepatic  ;  for  a 
cyst  of  the  liver  may  bulge  on  its  upper  surface  beneath  the  diaphnurm 
and  give  rise  to  identical  signs.  It  has  even  been  known  to  perfor&w 
the  diaphragm  through  an  opening  not  larger  than  the  thumb,  and  then 
to  expand  into  a  sac  large  enough  to  reach  the  level  of  the  third  rih.  A 
diagnosis  is  not  essential,  as  the  treatment  is  similar. 

B  4.  Hydronephrosis.  Usually  on  deep  inspiration  the  fingers  can 
be  insinuated  above  a  renal  tumour,  though  sometimes  a  cyst  of  the 
kidney  is  adherent  to  the  liver  and  continuous  with  its  lower  bonier. 
Such  a  tumour  fills  the  lumbar  region  more  than  an  hepatic  hydatid,  and 
the  colon  may  be  detected  in  front  of  it.  The  sac  may  he  lobulated,  but 
a  hydatid  cyst  is  also  sometimes  obscurely  lobulated.  Should  sudden 
diminution  of  the  tumour  occur  with  coincident  increase  of  the  quantity 
of  urine  voided,  hydronephrosis  would  be  probable  ;  still,  this  event 
might  happen  from  iiipture  of  a  hydatid  into  the  renal  pelvis :  this, 
however,  would  probably  be  followed  by  evacuation  of  fragments  of 
membrane  by  the  urethra.  Aspiration  might  reveal  urine  more  or  lesp 
altered,  albuminous  fluid,  pus,  blood,  or  colloid  material,  or  on  the  other 
hand  characteristic  hydatid  stnictures.  Sometimes,  however,  the  liquid 
from  a  hydronephrosis  is  clear  and  limpid  with  no  albumin  or  but  a  trace, 
and  much  chloride  of  sodium,  thus  closely  resembling  hydatid  fluid. 

B  5.  A  pancreatic  cyst  is  generally  more  centrally  placed,  occupyini; 
the  epigastric  and  umbilical  regions,  fluctuates  more  definitely,  anti 
usually  in  the  recumbent  but  more  certainly  in  the  erect  posture  has  an 
area  of  stomach  resonance  between  it  and  the  liver.  This  mav  be 
rendered  more  definite  by  artificial  distension  of  the  stom:ich.  The 
lower  border  of  the  liver  can  also  be  felt  by  careful  palpation  <lesceDdin<; 
in  front  of  the  cyst  on  deep  inspiration.  Aspiration  (if  employe<l* 
furnishes  a  fluid  which  changes  starch  into  sugar  or  emulsifies  fat  instejul 
of  possessing  the  characteristic  hydatid  elements. 

B  6.  Splenic  cyst.      Vide  hydatid  of  the  spleen,  p.  1023. 

B  7.  An  ovarian  tumour  grows  from  below  upwards,  is  attached  to 
the  uterus,  and  is  usually  separated  from  the  liver  by  an  area  of  reson- 
ance ;  a  hydatid  grows  from  the  liver  downwards,  and  very  rarely  enters 
the  pelvis. 

B  S.  Ascites  can  only  lead  to  difficulty  in  diagnosis  when  the  hydatid 
of  the  liver  is  so  immense  that  it  fills  the  whole  abdomen,  or  when  the 
conditions  accompanying  ascites  prevent  the  intestines  from  floatini; 
forwards  to  the  alxlominal  wall.  Kesonance  in  the  flanks  and  iliac 
regions  would  indicate  hydatids,  but  rupture  of  an  hepatic  hydatid  will 
occasion  ascites  with  great  abdominal  distension.     Here  the  bowels  nuy 
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be  matted  together  so  as  to  suggest  tuberculous  peritonitis.  Paracentesis 
abdominis  may  supply  many  pints  of  turbid  bile-tinged  senim,  pointing 
to  an  hepatic  origin  of  the  affection,  and  booklets  may  be  found  in  the 
liquid  drawn  off.  Coeliotomy  will  reveal  a  great  number  of  collapsed  bile- 
stained  cysts  which  have  gravitated  into  the  pelvis. 

B  9.  Floating  kidney  is  distinguished  from  a  pedunculated  hydatid 
by  its  shape,  its  softer  consistence,  its  freer  mobility  in  the  abdomen,  its 
recession  into  the  lumbar  region  behind  the  margin  of  the  liver,  and  the 
absence  of  a  band  of  tissue  uniting  it  to  this  organ. 

B  10.  A  chronic  abscess  in  the  abdominal  wall  on  the  right  side  will 
have  an  obscure  outline,  will  not  descend  with  inspiration,  and  the 
tissues  over  and  around  it  will  be  thickened  and  oedematous. 

TreaimeiU. — The  only  treatment  advisable  is  evacuation  of  the 
hydatid  by  incision.  When  the  liver  is  not  enlarged  upwards,  but 
projects  below  the  costal  margins,  it  should  be  attacked  through  the 
abdominal  wall.  Should  the  hepatic  dulness  be  much  increased  above 
its  normal  level  in  the  chest,  with  little  or  no  descent  of  its  Iwrder  below 
the  costal  margin,  it  should  be  operated  on  through  the  thoracic  wall  by 
resection  of  a  portion  of  rib.  If  there  be  marked  elevation  of  the  hepatic 
dulness  in  the  chest,  even  though  the  border  of  the  liver  may  l>e 
depressed  four  or  five  inches  below  the  costal  arch,  the  sac  should  be 
opened  through  the  chest  wall ;  for  in  these  cases  the  cyst  will  be  found 
in  the  dome  of  the  liver.  Unless  a  large  local  bulging  is  palpable  on  the 
abdominal  portion  of  the  organ,  an  attempt  to  evacuate  the  pjirasite  by 
coeliotomy  will  prol>ably  fail,  for  only  solid  liver  substance  will  be  met 
with,  or  the  lower  portion  only  of  the  sac  will  be  accessible,  and  when  it 
is  emptied  it  will  retract  upwards  l)eneath  the  ribs,  and  it  will  l)e  difficult 
to  attach  it  to  the  edges  of  the  abdominal  incision. 

Bile  generally  drains  from  the  wound  after  a  few  days,  if  not  immedi- 
ately. Its  amount  may  be  surprising,  and  the  discharge  may  continue 
for  weeks  and  even  months,  and  exercise  a  deleterious  influence  on  the 
general  health.  It  gradually  ceases  spontaneously,  but  this  may  be 
expedited  by  packing  the  abdominal  wound  with  gauze. 

Hydatid  of  the  Lung. — Si/mptmns. — Prior  to  rupture.  If  the  cyst  be 
small,  no  symptoms  may  be  noticed :  cough,  however,  is  generally 
present ;  it  varies  in  severity,  but  it  is  rarely  jMiroxysmal  as  in  pertussis. 
Haemoptysis,  due  to  active  congestion  from  irritation,  to  })assive  distension 
from  pressure,  or  to  a  localise<l  pneumonia,  usually  occiu-s  sooner  or 
later,  either  copiously  or  as  mere  streaks  in  the  mucous  sputum ; 
occasionally  it  is  absent  throughout.  A  feeling  of  wei*:ht  or  discomfort, 
or  the  sensation  of  a  foreign  body  in  the  chest,  may  l>e  expoiic^nced,  but 
these  are  uncommon.  Dyspnoea  increases  with  the  volume  of  the  cyst, 
but  is  sometimes  slight  even  when  the  tumour  is  very  large  :  it  is  rarely 
paroxysmal,  but  it  may  be  urgent,  and  be  due  to  pressure  on  the  pul- 
monary artery  or  vein.  There  is  no  pyrexia  unless  siippunition, 
pneumonia,  or  pleurisy  be  excited,  and  only  in  these  circiunstances  is 
there  any  wasting. 
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Physical  signs  may  be  wanting  if  the  cyst  is  small  and  deeply  seated : 
but  when  large  there  may  be  local  swelling,  which  may  be  limited  to  -d 
small  area.     In  rare  instances  a  rib  is  eroded  from  pressure,  so  that  pari 
of   the    cyst   projects  through   the    chest  wall,  and    may    then   closely 
resemble  an  extra-thoracic  fluid  tumour ;  but  its  nature  nvxy  be  rec«>g 
nised  by  a  diminution  in  size  when  the  patient  lies  down,  and  in  certain 
cases  by  the  impulse  communicated  to  it  on  coughing  or  straining.    In 
very  large  cysts  the  intercostal  spaces  may  be  widened  and  somewhat 
prominent,  and  may  communicate  an  elastic  semi-fluctuating  sensation  od 
palpation  and  percussion.     The  area  where  the  cyst  comes  to  the  sur^ 
is  quite  dull,  and  yields  a  marked  sense  of  resistance.     If  a  layer  of  lung 
intervene  between  the  cyst  and  the  chest  wall  a  subtympanitic  or  even  a 
skodaic  note  may  be  elicited.     The  respiratory  murmur  may  be  weak  or 
even  abolished,  and  this  may  also  hold  good  as  regards  the  vocal  reson- 
ance.    The  heart  may  be  displaced  to  the  right  or  to  the  left,  aooording 
to  the  situation  of  the  parasite ;  or  be  so  pressed  forwards  as  to  give  a 
greatly  increased  area  of  palpable  pulsation.     Very  rarely  distinct  pulsa- 
tion is  to  be  felt  in  a  widened  intercostal  space  over  a  lai]ge  hydatid. 
communicated  from  the  heart,  against  which  it  presses.     Occasionally 
(edema  of  one  or  both  arms  ensues  from  pressure  on  the  intnirthoracic 
veins.     The  parasite  is  comparatively  opaque  to  x-rays,  and  so  may  be 
seen  with  the  screen,  and  in  a  skiagram  (Fig.  229). 

Eupture  into  a  bronchus  is  shewn  by  the  onset  of  violent  snflfocative 
cough,  w4th  expectoration  of  watery  fluid,  pieces  of  hydatid  membrane 
and  of  ])lood.  This  may  be  scanty,  or  may  l>e  so  abundant  as  to  threaten 
or  even  to  terminate  life ;  generally  there  is  urgent  dyspnoea.  After 
rupture,  cough,  of  varying  frequency  and  violence,  continues  until  all  the 
cyst  is  expelled ;  exacerbations  occur  at  irregular  intervals,  with  expec- 
toration of  copious  muco-pus,  and  many  skins,  fragments  of  the  ori^^nal 
cyst,  and  perhaps  daughter  cysts  recently  ruptured.  The  sputa  may  be 
fetid,  and  haemorrhage,  which  may  be  profuse  or  even  fatal,  may  come  on 
at  any  time,  and  ])e  accounted  for  by  supposed  varices,  degeneratkma, 
ulcerations,  or  aneurysms  of  the  pulmonary  vessels  on  the  walls  of  the 
hydatid  cavity.  No  deterioration  of  the  general  health  may  be  apparent, 
although  large  quantities  of  membrane  may  have  been  coughed  np 
during  many  months ;  on  the  other  hand,  pyrexia,  wasting  and  hectic, 
may  supervene  and  rapidly  exhaust  the  patient.  Skins  may  be  expec 
torated  abundantly,  and  yet  a  careful  examination  of  the  chest  will  fail 
to  reveal  their  source,  as  this  may  be  a  cavity  deep  in  the  substance  of 
the  lung  which,  contracting  on  its  gradually  diminishing  contents,  gives 
none  of  the  classical  signs  of  a  vomica.  Usually,  however,  the  physicid 
signs  are  those  ordinarily  found  in  a  pulmonary  cavity — for  example,  in 
phthisis — and  vary  as  widely  in  different  cases :  at  one  time  they  may 
be  ill  <lefined,  and  then,  after  a  profuse  expectoration,  well  marked. 

The  sac  of  an  uninflamed  hydatid  may  burst  into  the  pleund  ca>'itT 
and  estiiblish  a  pneumothorax,  furnishing  all  its  classical  signs  with  evi- 
dence of  more  or  less  fluid  in  the  pleural  cavity.  These  gradually  disappear 
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I  after  closure  of  the  aperture  of  rapture,  and  lal^r  the  cyat  is  coughed  out 
of  iu  sac  through  the  bronchial  tube*,  and  thus  first  reveals  the  cause  of  the 
pneumothorax.  In  other  ca^es  this  is  demonstrated  at  the  moment  of 
rupture  by  a  coincident  copious  expectoration  of  hjdatid  fluid,  with  or 
without  the  membranes.  More  frequently  the  parasite  ruptures,  its  fluid 
contents  are  brought  up,  hind  its  adventitious  sac  inflames,  followed  after 
a  few  days  by  a  pyo- pneumothorax.     This  is  due  to  sloughing  of  its 


r'^^       JBI 

Wk       ..^Hi 

\^ 

>i 

(.flH 

^1 

\> 

^1 

\ 

1 

nonitj  hydiUdi ;  two  frf  iIipm.  i-mjr  dUUnctlj' 


wall  where  it  is  covered  only  by  visceral  pleura,  or  its  rupture  by  urgent 
and  uncontrollable  coughing. 

Rarely,  if  ever,  has  a  cyst  heen  found  In  the  pleural  cavity.  It  is 
probably  impossible  to  diagnose  a  parasite  so  situated  from  one  in  the 
substance  of  the  lung.  Nor  can  its  exact  site  be  deteimined  even  when 
one  or  two  ribs  have  been  exci8e<l  and  the  hydatid  cavity  has  been  laid 
open.  For  a  jiulmonary  hydatid  in  its  gi-owth  i-eachea  the  viscend 
pleura,  which  liecomes  fused  with  the  thin  adventitious  capsule,  aud 
gubsequeutly  with  the  parietal  layerj  so  that  when  incised  no  pleural 


I022  SYSTEM  OF  MEDICINE 

cavity  is  opened,  but  the  scalpel  passes  direct  from  the  pninetal  pleura 
into  the  sac.  In  fact,  man\'  hydatids  supposed  to  be  pleural  are  alm<^i 
certainly  pulmonary  hydatids  which  have  become  superficial. 

Not  infrequently  two  and  even  three  separate  parasites  of  no  meiin 
size  are  located  in  the  same  lung ;  but  with  careful  physical  examination 
it  is  possible  to  recognise  them  by  the  narrow  patches  of  resonant  liing 
which  intervene  between  the  larger  areas  of  hydatid  dulness. 

Diagnom. — 1.  Pulmonary  Tuberculosis.  When  unruptured,  hydatii 
disease  resembles  incipient  phthisis  in  the  short  dry  cough,  repeats! 
hfcmoptysis,  and  perhaps  in  some  shortness  of  breath  and  abnormul 
physical  signs  at  one  spot  in  the  chest.  It«  hydatid  nature  is  determiin-^i 
by  the  folloNving  considerations : — The  signs  are  most  often  not  at  th*' 
apex ;  when  they  are,  they  are  exceedingly  rarely  bilateral.  The  dulness 
is  sharply  defined,  with  weakened  breath  sound  or  respiratory  silence,  and 
an  absence  of  moist  rales.  There  is  no  pyrexia.  The  general  health  h;i> 
undergone  no  deterioration,  and  although  the  symptoms  iiiay  have  existed 
for  some  months,  the  strength  has  not  failed. 

When  ruptured  it  may  be  very  difficult  to  distinguish  a  hydatiM 
cavity  from  a  phthisical  vomica,  unless  it  be  situatefl  in  the  base,  as  nio>t 
frequently  it  is,  the  rest  of  the  lung  being  healthy.  Phthisical  vomicw, 
too,  are  very  rare  in  children.  If  the  disease  be  bilateral  it  is  pi-obablr 
phthisical,  for  symmetrical  pulmonary  hydatids,  though  not  unknown,  art^ 
uncommon.  Diarrhcea  or  laryngeal  disease  suggests  phthisis  ;  neverthe- 
less the  former  may  occur,  as  a  hectic  symptom,  in  prolonged  and  profu*^' 
suppuration  from  a  pulmonary  hydatid.  The  expectoration  even  of  ;i 
microscopic  fragment  of  hydatid  membrane  is  conclusive.  The  mem- 
branes, however,  frequently  undergo  gelatiniforra  degeneration,  and 
become  translucent  and  very  soft,  and  may  easily  be  overlooked  by  the 
physician  ;  on  the  other  hand,  the  patient  may  mistake  shreds  of  tough, 
consistent  mucus  for  pieces  of  **  skins."  Tubercle  bacilli  in  the  sputum 
])rove  the  presence  of  phthisis,  but  do  not  exclude  hydatid,  for  now  ami 
then  the  two  aifections  co-exist. 

2.  (Tangrene  of  the  lung  resembles  ruptured  hydatid  in  the  presence 
of  a  cavity  and  the  voiding  of  fetid  sputa ;  but  it  generally  runs  a  ven 
acute  course,  membranes  are  absent  from  the  expectoration,  and  usually 
some  antecedent  cause  suggestive  of  gangrene  is  known. 

3.  Pleural  effusion  is  closely  imitated  by  a  hydatid  ut  the  ba.«!e. 
Pain  and  pyrexia,  or  a  recent  history  of  them,  favour  pleural  effusion. 
These  symptoms  may,  however,  occur  in  hydatid,  if  a  pleurisy  be  induce*! 
by  its  irritation,  or  if  it  should  become  inflamed.  Dyspnc^a  is  lesj* 
marked,  us  a  rule,  in  hydatid,  because  of  its  slow  growth,  and  to  the 
accommodation  effected  by  bulging,  etc.  The  line  of  dulness  may  helj» ; 
in  a  hydatid  it  is  often  semicircular,  in  pleural  effusion  it  slopes  from 
the  spine  downwards  and  forwards.  In  a  loculated  empyema  the  dulness 
may  be  dome-shaped,  but  in  this  case  the  pyrexia,  pain,  acuteness  of 
course,  and  wasting  will  decide.  Displacement  of  the  he^irt  laterally  to 
an   extent  disproportionate  to    the    area  of  dulness  on  the  chest   wall 
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inclicating  a  much  larger  accumulation  of  fluid  in  the  thorax  than  is 
revealed  by  the  superficial  dulness,  would  suggest  a  hydatid  at  the  base. 
The  shape  of  the  shadow  on  the  x-ray  screen  or  skiagram  would 
assist. 

4.  Aortic  aneurysm  may  be  simulated  by  a  puhnonary  hydatid.  An 
area  of  dulness  in  the  left  lateral  chest  gave  an  impulse  in  its  upper  part, 
above  and  outside  the  site  of  the  heart's  apex-beat,  and  in  its  lower  part 
ill  the  posterior  axillary  line.  The  large  area  of  dulness,  with  entire 
absence  of  expansile  character  in  the  pulsation,  and  of  murmur,  with  the 
situation  and  insignificant  degree  of  the  impulse,  served  to  distinguish  it 
from  aneurysm.  It  was  successfully  incised  and  drained.  Conversely  a 
large  aortic  aneurysm  may  resemble  a  pulsating  hydatid. 

Treatment. — When  the  hydatid  is  unruptured  a  portion  of  one  or  two 
ribs  should  be  excised,  the  cyst  laid  open,  the  membranes  removed,  and  the 
ciivity  efficiently  drained.  When  there  are  bilateral  hydatids,  after  one 
has  been  extirpated,  sufficient  time  should  be  allowed  for  contraction  of 
its  cavity  before  the  parasite  on  the  other  side  is  attacked.  If  there  be 
two  on  the  same  side  of  the  chest  and  both  have  been  recognised  (though 
this  discovery  is  very  difficult),  they  may  be  dealt  with  at  one  operation, 
through  separate  incisions.  During  an  operation  after  removal  of  the 
cyst  the  surrounding  lung  should  be  examined  with  the  finger  in  the  sac. 
The  convexity  of  an  adjiicent  parasite  may  be  palpable  ;  if  an  exploi-atory 
needle  yield  hydatid  fluid,  the  intervening  septum  may  be  divided  and 
the  contents  of  this  second  sac  removed,  and  both  sacs  may  be  drained 
through  the  one  incision.  Some  surgeons  have  recently  closed  the 
wound  in  the  pleura  and 'chest  wall  at  once,  and  others  after  keeping 
in  a  drainage  tube  for  twenty-four  hours.  Treatment  by  aspiration  is 
inadmissible  for  reasons  already  detailed.  If  the  hydatid  has  already 
ruptured  and  the  cysts  are  being  expectorated  with  little  or  no  pus,  no 
pyrexia,  and  no  failure  in  health,  it  is  better  to  temporise ;  the  patient 
will,  most  likely,  cough  up  all  the  membranes,  and  a  spontaneous  cure 
will  be  effected.  If,  however,  after  nipture,  a  cavity  be  recognisable,  or 
there  be  an  abnormal  area  of  dulness  in  the  chest,  and  there  be  profuse 
purulent  or  fetid  expectoration,  with  fever  and  constitutional  dis- 
turbance, the  proper  course  is  to  incise  the  chest,  remove  the  membranes, 
and  drain  efficiently. 

Hydatid  of  the  Spleen. — Symptoms, — Half  of  the  recorded  cases  were 
unsuspected  during  life,  and  recognised  only  after  death,  which  would 
indicate  the  frequent  absence  of  sjniiptoms.  Weight  and  pain  may  be 
felt,  and  great  discomfort  on  bending  forwards.  The  panisite  may  rupture 
into  the  left  lung,  into  the  bowel,  or  through  the  parietes  of  the  body. 

Physiciil  Signs. — A  tumour  with  the  classical  characters  of  a  splenic 
enlargement ;  smooth  if  the  parasite  be  solitary ;  lobulated  if  multiple ; 
sometimes  increasing  upwards  in  the  chest,  sometimes  downwards  through 
the  left  side  of  the  abdomen  even  into  the  pelvis,  and  affording  in  some 
cases  a  perfect  hydatid  thrill. 

Diagnosis. — 1.  A  cyst  in  the  left  lobe  of  the  liver  is  often  quite 
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indistinguishable  from  a  hydatid  of  the  spleen.  If  the  hydatid  l>e  in  it- 
lower  pole  and  project  as  a  globular  mass  below  the  costal  margin  on 
inspiration,  its  splenic  origin  cannot  be  affirmed  unless  the  notch  can  W 
felt  above  it^  nor  if  the  parasite  be  in  its  upper  pole  and  push  the  rest  of 
the  spleen  beyond  the  costal  arch,  unless  the  bulge  of  the  hydatid  cui 
be  felt  to  be  in  the  spleen  above  its  palpable  notch.  For  diagnosis  the 
notch  and  the  tumour  must  be  demonstrably  in  the  same  mass,  unless  the 
left  edge  of  the  liver  can  be  distinctly  isolated  from  the  cyst. 

2.  Lanlaceous  Spleen.  —  A  circumscribed  prominence  favours  the 
diagnosis  of  hydatid.  On  the  other  hand^  uniform  enlargement  of  the 
liver,  a  history  of  syphilitic  disease,  or  of  prolonged  suppuration  with  the 
co-existence  of  albuminuria,  would  contra-indicate  its  presence. 

3.  Enlarged  Spleen  of  Hepatic  Cirrhosis. — Here  there  are  usually  definite 
signs  of  the  primary  disease — slight  jaundice,  piles,  melaena,  h*nu- 
temesis,  or  marked  gastric  derangement.  Ascites  comes  on  at  a  lat*r 
stage. 

4.  Abscess  of  the  Spleen. — A  diagnosis  from  suppurating  hydatid  U 
probably  impossible,  as  the  previous  existence  of  the  living  parasite  maj 
easily  have  been  overlooked  by  a  patient. 

Treatment. — The  cyst  should  be  opened  and  drained.  The  result  i* 
favourable.  Death  has,  however,  followed  from  haemorrhage  consequent 
upon  sloughing  of  the  adventitious  capsule. 

Hydatid  of  the  Kidney. — Symptoms. — Weight  and  distension,  if 
large. 

Physical  Signs. — A  tumour  in  the  lumbar  Region,  to  which  an  impulse 
is  readily  communicable  from  the  loin ;  on  deep  inspiration,  the  fingers 
may  be  insinuated  above  it,  isolating  it  from  the  liver  and  the  spleen. 
It  is  smooth  and  uniform,  if  single ;  or  lobulated,  if  multiple  ;  more 
or  less  movable ;  with  or  without  a  hydatid  thrill ;  separated  from  the 
liver  by  an  area  of  resonance  and  with  colon  resonance — if  this  >^ 
present — in  front  of  it. 

Course. — It  may  exist  for  many  years  without  affecting  the  general 
health,  die,  and  become  obsolescent  or  rupture  into  the  pel\-is  of  the 
kidney.  The  latter  is  the  more  common  event.  Pieces  of  membrane, 
daughter  cysts,  scolices,  and,  generally,  a  little  blood  are  then  passe<i 
by  the  urethra.  This  may  be  the  first  indication  of  the  presence  of  the 
parasite,  and  if  the  cyst  be  small,  no  tumour  may  be  discoverable  in  tho 
loin.  The  passage  of  membranes  may  occasion  attacks  of  renal  colic  so 
violent  as  to  induce  convulsions,  or  they  may  pass  along  the  ureter 
Avithout  pain.  Recovery  not  infrequently  comes  about,  it  may  be  after 
years  of  such  discharges.  The  hydatid  may  suppiuute  and  then  burst 
into  the  renal  pelvis  and  cause  pyuria.  So,  too,  it  may  ulcerate  into 
the  alimentary  canal  at  some  point,  into  the  peritoneal  cavity,  or  into  the 
lung  and  discharge  into  a  bronchus — in  which  case  the  prognosis  is 
rather  unfavourable — or  even  externally.  When  large,  it  may  be  so 
destructive  as  to  prove  fatal. 

Diagnosis.  —  The  determination  of   the  renal  origin   of   the  cyst  is 
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fairly  easy,  especially  on  the  left  side.  If,  associated  with  a  tumour  in 
tlic  kidney,  there  be  a  discharge  by  the  urethra  of  hydatid  products,  the 
diagnosis  is  complete.  Such  discharge,  however,  without  a  renal  tumour 
is  not  sufficient ;  for  a  hydatid  of  the  pelvic  jiouch  of  the  peritoneum  is 
nearly  as  common,  and  this  may  open  into  the  bhulder.  1.  The  greatest 
clitticulty  is  found  in  distinguishing  between  a  hydatid  and  a  hydro- 
nephrosis. In  both  a  renal  cyst  is  felt,  in  both  it  may  be  smooth,  round, 
I)ainle.ss,  movable,  elastic,  and  with  a  perfect  hydatid  thrill.  If  it  be 
lobulated  it  is  more  likely  to  be  a  hy<lronephrosis ;  but  multiple  hydatids 
or  even  a  solitary  one  miiy  be  lobulated.  If  a  hydatid  tumour  elsewhere 
should  co-exist,  the  probability  of  a  renal  parasite  is  much  greater. 
If,  however,  there  Ik)  a  history  of  unnary  trouble,  such  iis  the  passing  of 
csilculi  or  of  large  quantities  of  urine  with  a  corresponding  subsidence  of 
the  tumour,  a  hydronephrosis  would  be  the  more  likely.  In  these  cases 
even  the  aspirator  needle  will  not  always  decide.  Of  course  if  scolices 
or  shreds  of  membnuie  be  withdrawn,  an  a))sohite  diagnosis  is  possible, 
Irtit  not  otherwise  ;  for  though  the  aspinition  of  urine  would  favour 
hydronephrosis,  yet  this  is  said  to  pass  by  osmosis  into  hydatids,  to  the 
extent  of  forming  deposits  of  triple  phosphate  crystals  in  the  interior  of 
diiiighter  cysts,  or  even  calculi  as  large  as  peas.  Though  clear  limpid 
fluid,  exjictly  resembling  that  of  a  hydatid,  be  eviicuated,  giving  no 
albumin,  or  only  a  ti-ace,  and  abundance  of  sodium  chloride,  it  may,  as 
likely  as  not,  be  a  hydronephrosis,  which  not  infrequently  has  similar 
contents.  Even  a  trace  of  urcii  does  not  negative  hydatid  fluid,  of 
which,  in  minute  quantities,  it  is  a  normal  constituent.  The  presence 
of  albumin  in  large  qiuintity,  though  common  in  hydronephrosis,  may 
1)6  found  in  a  hydatid  which  has  recently  died.  Sometimes,  therefore, 
the  distinction  between  the  two  renal  affections  is  an  imp()S8il)ility. 
Fortunately  the  treatment  demanded  is  the  sjime  for  l)oth,  namely,  free 
incision  and  drainage. 

2.  Cystic  disease  of  the  kidney,  congenital  or  acquired,  may  closely 
resemble  multiple  renal  hydatids.  Implication  of  both  kidneys  would 
suggest  the  former ;  and  a  ]Mil])a])le  cyst  in  the  liver  with  one  kidney 
also  involved,  the  latter. 

3.  Oviinan  and  Parorarian  Ct/sts. — These  grow  from  below  upwards, 
and  are  generally  known  by  their  proper  signs  on  combined  vaginal  and 
abdominal  examination. 

When  siip[>urating,  a  hydatid  cyst  must  he  distinguished  from 
pyelitis,  simple  or  calculous ;  pyonephrosis ;  renal  tulxirculosis ;  and 
aliscess,  renal  or  perine{)hric.  The  special  pixnlucts  of  the  hydatitl, 
tubercle  bacilli,  or  fragments  of  calculus  <liscovered  in  the  urine,  are 
probably  the  oidy  distinctions. 

Treatrfy.iif. — If  cysts  or  shreds  are  passing  by  the  urethra  without 
much  pain,  and  there  is  no  deterioration  of  general  health,  the  cure 
may  be  left  to  nature  ;  if  a  renal  tumour  exist  or  there  ])e  much  distress 
or  suppuration  with  reduction  of  strength  and  weight,  an  operation 
should  be  undertaken. 

VOL.  ir. — PT.  II  3  u 
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Hydatid  of  the  Omentum,  Hesentery,  and  Perltoneam.— 

w^ns.- — One    or  more   lumours  are   visiljle  or  palpiilile,    genemlljr  i 
movable,  both  by  the  hands  of  ihe  examiner  and  on  change  of  podtioa 
they  appear  also  to  be  unconiiecbed  dii'ectly  with  iiiiy  of  the  abdomin 
riflcera.     They  frequently  acqiiire  a  very  thick  hard  capsule,  even  wh* 
of  Bmiill  eize,  so  as  to  Teel  like  solid  growths. 

Di'iffiiOKts.  —  Floating  kidni?y.  A  hydatid  is  seldom  quite  of  ( 
same  shape  as  a.  kidney,  it  is  oft«ii  too  movable ;  the  kidney  mnjr  t 
paliMible  on  inspiration,  at  the  same  time  as  the  tumour. 

Diagnosis    from    omental    sarcomas    in    the  young,    and 
ut«rine  myomas,  ovarian  cystomas,  and  malignant  disease  in  the  |ielri 
when  they  iii-e  nniltiple,  is  often  impossible  without  puncture ;  and  tJ 
nature  is  froquonlly  determined  only  during  an  exploratory  laparoUaajr. 

Tffattnevt.—They  sliould  be  operated  upon.  Sometimes  they  t 
be  removed  entire  in  their  sac  by  separation  of  adhesions  or  tying  ^ 
the  piece  of  omontimi  in  which  the)'  lie  ;  this  is  the  ideal  motbo 
sometimes  by  Bond's  operation  ;  or  by  drainage.  \\Til-ii  low  in  I 
pelvis  it  may  l>e  safer  and  more  convenient  to  operate  through  I 
perineum,  or  the  vagina. 

Intracranial    Hydatid. — ■  Si/mptmnx. — An    intracranial     hydatid 
essentially  an  innocent,  slowly  growing  tumour,  and    gives  rise  tu  ii 
usiuil    symptoms  of   such  a  neoplasm.       It  may   occupy  »ny   podtia 
being  extra- cerebral  between  the  skull  and  the  brain,  or  inlr^-ccTclli 
in  the  cerebmra  or  cerebellum,  or  intra-ventricular.     it  may  be  i 
frontal,  parietal,  or  occipital  lobe,  extra-cortical,  cortical,  subcurtital,  t 
wholly  ill  the  white  substance.      It  may  attain  very  largu    din 
so  as  to  hold  more  than  a  pint  of  fluid-     There  may  be  a  solitary  cpt, 
with  or  without  contained  daughter  cysts,  or  more    than   one  cyst  ii  T 
a  single  cavity  without  a  mother  cyst,  the  several  cyste  being  free  fi 
one  another  or  externally  attached  as  though  from  exogenous  maltipliq 
tion ;  or  two  cavities  may  be  present  with  one  or  more  cysts  in  each,a| 
with  one,  two,  or  throe  cysts  in  the  latei'al  ventricle.     Tbes«  caritie*  n 
communicate  with  one  another.    There  may  be  no  adventitious  n 
lining  them,  or  only  a  microscopic  one.     A  hydatid  maiy,  tht-retort,  affd 
very  marked,  only  indefinite,  or  no  localising  svmploras,  either  aubjec' 
or  objective,  just  like  any  other  benign  tumour  in  the  same  situation.  M 
any  symptoms  ordinarily  induced  by  a  benign  tumour  of  the  bntin  i 
be  met  with.      Nothing  in  the  character  of  the  individUAl  niHDifcstatia 
or  their  grouping  indicates  the  hydatid  nature  of  the  disease. 

Diagnosis  involves  three  points,  viz.  the  presence  of  a  tumour,  i 
situation,  and  its  nature.  The  first  two  must  be  decided  on  gBiMtJ"! 
principles  of  diagnosis.  Then  an  opinion  as  to  its  being  a  hyiladd  will 
rest  upon  the  following  considerations : — I.  There  should  l»e  no  pcaititr 
indications  of  other  disease  such  as  syphilis,  affections  of  the  rAT,  bmc,'' 
skull,  tuberculosis  of  the  lungs,  no  history  or  evidence  nf  m  ili^nnnl  iliii*' 
elsewhere.  2,  In  a  country  or  district  where  hydatids  are  prevaleat,  iu 
possibility  should  not  be  forgotten,     3.  It  may  cause  a  unifona  eaUrf^ 


nieni  of  the  cranium,  a.  local  bulgiug,  &  locjiliHud  tbiniiiiig  so  as  to  yield 
egg-shell  crackling,  or  oven  a  perforation.  4.  The  mean  age  of  patienta 
with  tiiberculouB  turnout'  is  twelve  anil  a  half  yeiirs,  that  of  euhinococeiis 
is  tventy-two  years  ;  therefore  a  tiimoui'  of  the  brain  in  a  child  is  more 
likely  to  lie  tuberculous  tlian  hydatiil,  in  a  young  adult  the  reverse  may 
be  expected.  Cerebral  hydatids  are  fourteen  limes  as  common  as  cere- 
bellar ;  therefore  a  cerebellar  tumour  is  probably  not  a  hyfUti<l.  .Since 
tuberculous  tumours  are  as  common  in  the  cerebellum  as  in  the  c-erebi-um, 
a  cerebellar  tumour  in  a  child  is  much  more  likely  to  be  tuberculous  than 
hydatid.  5.  A  hydatid  elsewhere  in  the  patient  would  strongly  support 
the  diagnosis  of  s,  cereliral  hydatid.  6.  It  has  been  proposed  to  pierce 
the  skidl  with  an  instrument  like  a  watchmaker's  drill,  and  explore  with 
a  large  hypotlermic  needle.  But  localisation  is  often  not  suHiciently 
exact  to  make  this  plan  of  much  st^rvice.  Membrane  or  booklets  might 
be  withdrawn,  but  without  these  it  would  be  difficult  to  distinguish 
cerebrospinal  from  hydatid  fluid. 

J'r'ifftuMis.^'SloBt  patients  die,  suddenly  during  an  epileptiform  fit 
or  while  vomiting,  more  or  less  rapidly  from  increasing  stupor  and  coma, 
and  progressive  paralysis  and  asthenia,  or  from  some  intercurrent  disease. 
The  duration  of  life  will  vary  with  the  site  and  rapidity  of  the  growth. 
Life  has  been  prolonged  for  five  years  after  the  first  symptoms  were 
not«d.  Some  cases  have  recovered  after  sponlaneous  perforation  of  the 
skull  and  evacuation  of  cysts,  which  was  either  spontaneous  or  followed 
simple  iticisiou  of  the  scalp ;  but  such  cases  are  very  rare,  and  were 
probably  extra-cerebral. 

Trealinriil. — When  an  intracraniid  hydatid  is  diagnosed  or  strongly 
suspected,  one  course  only  is  open,  viz.  to  trephine  the  cranium  and 
remove  the  parasite.  This  may  be  done  at  one  operation,  but  some 
surgeons  divide  it  nito  two  stages  with  an  intenal  of  three  or  four  days ; 
at  the  tirst  slage  tlie  cyst  is  tapped  and  its  fluid  withdrawn,  at  the  second 
it  is  removed.  Several  successful  cases  have  been  recorded  iu  which 
recovery  has  been  complete  and  penuauent ;  but  motor  and  sensory 
paralysis,  in  greater  or  less  degree,  may  remain,  anil  iu  some  instances 
as  late  as  twelve  months  after  apparently  perfect  recovery  a  fatiil  relapse 
has  UikfU  place  and  autopsy  has  revealed  several  other  hydatids.  Special 
complications  and  dangers  surround  operations  for  removal  of  hydatids 
from  the  brain,  and  render  interference  less  satisfactory  than  in  the 
case  of  the  other  viscera ;  for  instance,  after  an  easy  and  complete 
evacurttion  of  the  parasite  the  patient  may  die  iu  a  few  hoin-s,  from 
hyperpyrexia  and  cpileptiforni  convulsions. 

Hydatid  of  the  spinal  eord  is  rare.  The  parasite  may  be  wholly 
within  the  spinal  canal,  or  partly  inside  and  partly  outside.  It 
invades  the  cjinal  from  ihi:  tissues  and  cavities  adjacent  and  from  the 
vertebrie.  Or  it  originates  within  the  caiuil,  and  thence  extends  by  absorp- 
tion of  bone  through  the  intervertebral  foramina  and  between  the  spinal 
laminte  into  the  muscular  tissues  of  the  back  or  into  the  thorax  and 
abdomen  in  front.     There  seems  to  be  a  special  tendency  to  burrow,- 
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a  feature  of  hydatids  which  is  discussed  elsewhere, — thus  one  or  more 
cysts  may  be  found  within  the  canal,  othere  in  the  muscular  planes  uf 
the  back,  and  others  within  the  thorax,  but  all  contained  in  one  sinuous 
lobulated  cavity.  Prom  the  spinal  canal  outside  the  dura  mat^r  ihev 
may  penetrate  this  membrane,  and  lead  to  the  disorganisation  of  the  cord. 
The  bones  of  the  vertelmil  column  in  some  cases  are  infiltnited  with  an 
immense  number  of  minute  cysts  which  fill  the  small  spaces  of  ih»- 
cancellous  tissue,  not  only  in  the  bodies  but  also  in  the  ti-ansvci-se  ainl 
articular  processes  and  the  arches.  They  may  hollow  out  ca\'ities  in  ihc 
boife  which  will  be  pricked  with  tiny  cysts.  They  are,  however,  iht 
ordinary  Echinococcus  hijdaiidosus ;  for  when  they  get  into  the  spinal  canal 
the  chest,  or  the  a1)donien  they  become  of  the  usual  size,  their  small 
dimensions,  when  confined  within  the  bone,  being  apparently  only  due  lo 
their  environment. 

SymjttonuH. — The  symptoms  are  such  as  would  be  caused  by  an  inno- 
cent tumour  within  the  spinal  canal ;  namely,  radiating  pains  from 
pressure  on  the  spinal  nerve-roots,  and  the  motor  and  sensory  pbeno^ 
mena  of  compression  of  the  spinal  cord,  with  or  without  those  of  a 
supervening  compression-myelitis.  Sometimes  the  indications  are  tho^e 
of  a  chronic  myelitis  only.  AVhen  such  symptoms  are  present  a  suspi- 
cion of  their  hydatid  origin  may  be  entertained  if  a  cyst  is  detected  in 
some  other  part  of  the  body,  but  certainty  can  only  he  obtained  if  i>ari 
of  the  parasite  projects  externally  in  the  back,  and  on  aspiration  yiekU 
hydatid  structures  or  fluid. 

Treaiinent. — If  detected  or  strongly  suspected,  removal  by  incisiim 
should  be  attempted.  Hitherto  the  results  have  been  very  unfavourable 
Two  special  circumstiinces  leiid  to  failure.  The  canal  is  opened,  arni 
cysts  are  found  and  removed,  but  no  improvement  follows,  and  the 
j)atient  eventually  dies,  when  autopsy  reveals  one  or  more  cysts  further 
down  the  cord.  Again,  at  the  operation,  the  spinal  bones  are  discovered 
to  be  stuffed  \vith  tiny  hydatids,  for  which  no  rational  plan  of  cure  ha& 
yet  suggested  itself. 

Hydatid  of  the  heart  is  so  rarely  found  that  it  is  a  pcithologii-aj 
curiosity.  It  has  never  been  dLagnosed  during  life,  and  is  not  known  lo 
give  rise  to  any  symptoms.  The  follo>ving  are  the  notes  of  a  case.  A 
girl  had  been  passed  as  eligible  for  life  assurance.  Three  weeks  after- 
ward she  left  the  kitchen  to  bring  in  some  firewood,  and  was  fourid 
a  few  minutes  afterwards  on  the  woodheap,  luiconseious,  with  «m»e 
twitching  of  her  arms  and  legs,  and  died  in  about  ten  minutes.  Thi- 
posterior  wall  of  the  left  auricle  was  occupied  by  a  hydatid  cyst  as  larj:e 
as  an  orange,  which  had  ruptured  into  the  auricle.  The  heart  with  thi* 
empty  cyst  weighed  thirteen  ounces.  The  left  carotid  was  blocked  by 
a  daughter  cyst  at  its  point  of  entrance  into  the  cranium. 

Extraviseeral  Hydatids. — Though  these  have  frequently  Wn 
alluded  to  fis  illustrating  modes  of  growth  and  pathological  fealurt»ju 
their  treatment  usually  falls  within  the  province  of  the  surgeon  rather 
than    of  the    physician.      The    same    general    principles    of    treatment. 
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however,  as  have  been  indicated,  arc  applicable  here  also.  But  when  a 
long  bone  becomes  the  nidus  of  the  parasite,  amputation  of  the  affected 
member  will  almost  certainly  become,  even  if  it  be  not  so  in  the  first 
place,  the  necessary  treatment.  In  hydatids  of  bone  where  amputation 
is  impracticable,  it  is  to  be  noticed  that  local  injections  of  potassium 
permanganate  have  proved  beneficial,  and  in  such  cases  this  principle  of 
treatment  requires  further  trial. 

ECHINOCO<JCUS    ALVEOLARTS   SIVE   MULTILOCULiVRIS 

For  reasons  previously  stated  we  prefer  to  distinguish  this  form  of 
hydatid  under  the  first  of  these  names.  Occurring  l)oth  in  man  and  some 
animals,  with  by  far  the  greiitest  frequency  in  the  liver,  where  it  may 
attain  any  size  u[)  to  that  of  an  adult's  hejul,  it  nearly  always  leads 
to  a  fatal  result.  In  its  broad  structural  features  the  main  mass  of  such 
a  tumour  consists  of  a  vacuolated  or  six)nge-like  stroma  of  sclerosed 
connective-tissue,  more  or  less  infiltnited  with  lime  salts.  This  disposition 
of  its  framework  defines  numerous  alveolar  cavities,  varying  in  diameter 
from  1-5  mm.,  which  are  filled  with  plugs  of  colloid  material,  consisting 
of  plicated  and  crumpled  chitinous  vesicles  having  the  same  laminated 
stnicture  and  chemiad  composition  as  those  of  ordinary  hydatidose 
cysts.  Both  surfaces  of  the  individual  folds  of  the  vesicles  are  coated 
with  a  finely  gramilar  layer  of  protoplasm  associated  with  other  piirasitic 
elements,  such  as  fully  formed  scolices  or  detached  booklets.  Such  a 
primary  tumour  may  give  rise  to  neighbounng  and  siitellite  growths  in 
the  same  viscus,  or  to  metastases  in  distant  organs.  Before  it  attains 
any  considera))le  size,  which  only  happens  in  the  liver,  retrogressive  and 
necrotic  changes,  aided  by  septic  infection  and  bile  iiruption,  produce, 
towards  the  centre  of  the  growth,  a  ragged  and  anfnictuous  cavity,  filled 
with  bile-stained,  sero-punUent  fluid,  holding  in  suspension  calcareous 
particles,  cholesteiin,  bilinibin,  and  other  detritus. 

History. — Noticed  first  by  Ruysch  in  1721,  a  tumour  of  this 
character  was  described  in  1852  by  Buhl  as  "alveolar  colloid"  and  hiter 
in  the  same  year  by  Luschka  as  ^  colloid  cancer ''  on  the  strength  of  its 
malignant  course  and  histological  characters.  In  1854  Zeller  found 
booklets  in  a  similar  growth,  ])ut  considered  them  to  be  of  accidental 
origin.  Two  years  later,  in  1856,  its  helminthic  origin  was  recognise<l 
by  Virchow,  who  gave  it  the  name  of  "  ulcemtive  multilocular  echino- 
coccus  tumour";  and  thirty-seven  years  later,  in  1883,  the  same  authority 
reiterated  his  belief  in  the  identity  of  the  parent  worm  of  this  parasite 
with  that  known  to  be  responsible  for  the  hydatidose  or  cystic  variety, 
attributing  the  structural  differences  of  the  alveolar  echinococcus  to 
differences  in  the  histological  build  of  the  part  infected.  Thus  he 
considered  that  the  wandering  embryo  producing  this  form  came  to  rest 
in  a  lymphatic  vessel  of  the  liver,  and  later  he  stated  that  bone  also 
must  be  considered  as  a  nidus  determining  the  assumption  of  the 
alveolar  type.     Virchow   inclined   to   the  view  that  it  multiplied  and 


exteiideil  l>y  a  local  ptoduction   of  exogenous  buds  mtber  ihan  to  Uie 
vidw  held  by  some  other  writers  that  each  constituent  veaicle  (rf  the 
whole  growth  was  the  product  of  a  Bei)arat«  and  independent  einhrjo ; 
in  other  words,  that  the  tumour  resulted  from  the  coming  to  rest  in  ■ 
circumscribed  area  of  an  emliolic  shower  of  such  embryos.     The  Uu«t 
view  is  of  some  interest,  for  it  indicated  the  unsuspected  fact  that  embrro^ 
rather  than  scoliceB,  were  the  objects  to  \ie  sought  for,  and  thus  in 
sense  it,  in  part,  anticipates  Melnikow-Raswodenkow'a  view-a,  which  mn 
l)e  discussed  at  some  length.      Virchow,  as  we  have  seen,  held   that  llii 
settlement  of    the   embryo   in   a  lymphatic  wm  one  of    the    Factors 
deterroining  the  alveobti-  chantctei'  of  this  kind  of  hydatid.      Leuclout 
nnd  Flrismanu  ascribed  a  similar  rOle  to  the  blood-vessels,  Friederich  U 
the  bile-ducts,  and  LiebenneiBter  to  all  three  kinds  of  vessels. 

Virchow's  great  authority  held  sway  for  half  a  centnry  ;  yet, 
I'scent  years,  doubts  have  arisen  us  to  the  specific  unity  of  tho  pansi 
causing  the  hydatidose  and  the  alveolar  forms  of  the  disease.  Tbo«^ 
however,  who  have  asserted  a  duality  of  species  have  not  done  M 
on  the  same  grounds.  V.  Mangold  and  Miiller,  as  the  results  of  feedinf 
experiments,  maintained  that  they  had  produced  a  different  ttenin,  prio- 
cipally  because  In  the  ri|>e  tei'minal  segment  the  ova  were  aggregaud 
iu  a  s|)herical  mass  instead  of  being  distributed  in  branched  clnst«rs 
is  usual  in  the  taenia  of  von  Siebold.  The  single  "clumped"  amiige- 
ment  may,  however,  undoubtedly  occur  in  the  tnie  T.  nrJiinn 
(see  Figs.  215  and  316).  Posselt  and  others,  as  the  result  of  micromeine 
measurements,  believed  that  the  shape  and  size  of  the  hooks  (if  lb* 
scolices  in  E.  alvenkinK  differed  from  those  of  the  common  fomi,  in  bein| 
longer,  thinner,  and  loss  curved;  but  there  is  equally  no  donbt  that  i 
and  similar  variations  may  occur  in  the  hooklets  of  T.  frhhwnxfai. 
The  KuBsian  authority  Melnikow-Raswedcnkow,  after  a  very  oxhailsti** 
study  of  the  subject,  bases  his  advociicy  of  a  duality  of  species  oa 
various  grounds,  such  as  its  peculiar  mode  of  growth  and  reprixluclion, 
its  reaction  to  the  containing  tissues,  and  its  somewhat  restrlct^ri 
geographical  distribution.  In  confuting  Virchow's  dictum,  that  the  Ivo 
forms  are  determined  by  dilTerences  of  the  tissue  conditions  of  tin 
affected  part,  Mel iiikow- lias wcdonkow  insists  that  both  the  cystic 
alveolar  forms  may  be  found  not  only  in  the  same  animal  but  ii 
same  viscus.  This  writer  considers  that  the  parasite  of  the  alvMUr 
echinococcus  occupies  an  intermediate  ^wsition  between  the  CeXodti 
(tapeworms)  and  the  Trematodes  (flukes),  from  its  power  of  prodndn^ 
amreboid  embryos  hi  hm ;  this  point,  however,  will  be  dealt  with  in 
ne\t  section. 

On  the  whole,  it  seems  impossible   to   resist   the   conclusion   I 
we  have,    in   this  alveolar  form,    to   deal    with    a    parasite    specifiotl^ 
distinct  from  that  of  the  common  hydatid. 

Pathology. — In  this  respect,  as  in  \\s  biological  aspecU,  verj-  littl* 
has  been  added  to  our  knowledge  since  the  observations  of  Vii^how 
tho  other  early  iiivestigatora ;   and,  indeed,  it    is   not  a   littl*   rnn 
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able  from  any  point  of  view  that  a  disease  so  formidable,  so  fatal,  and 
so  peculiar  in  many  respects  should  have  received  such  scant  notice  in 
text-l)ooks.  There  is,  in  fact,  no  doubt  that  from  the  restricted  area 
of  its  distribution  the  majority  of  writers  have  never  come  in  contact 
with  it ;  while  those  only  who  have  had  opportunity  of  noting  its  fatal 
effects  realise  its  importance.  Of  recent  years,  however,  alveolar  echino- 
coccus  has  received  increased  attention  from  various  Russian  and  German 
writers,  and  notably  from  Melnikow-Raswedenkow,  who  has  embodied 
the  results  of  an  extensive  study  of  this  disease  in  his  monograph 
published  in  1901.  To  his  views,  which  appear  to  throw  new  light  on 
this  remarkable  parasite,  we  must  now  devote  some  attention.  He 
points  out  a  fundamental  structural  difference  between  the  bladders  of 
the  hydatidose  echinococcus  and  the  chitinous  vesicles  of  the  alveolar 
form,  inasmuch  as  in  the  former  the  embryonic  parenchymatous  layer 
from  which  scolices  are  developed  is  limited  to  the  inside  of  the  chitinous 
cyst,  while  in  the  latter  this  reproductive  nuiterial  is  disposed  not  only 
within  but  on  the  outside  as  well.  AVith  this  internal  disposition,  in 
the  one  case,  he  correlates  the  tolerant  reaction  of  the  host's  tissues  to 
the  parasite,  which  are  limited  to  the  changes  induced  by  the  mechanical 
pressure  of  the  growing  parasite.  We  have,  indeed,  already  spoken  of 
these  relations  as  being  essentially  sjrmbiotic  in  their  character.  With 
this  tolerance  he  contrasts  the  violent  reaction  of  the  tissues  induced  by 
the  presence  of  the  parasite  of  the  alveolar  hydatid,  in  consequence  of 
the  presence  of  the  active  reproductive  substance,  which  is  in  direct 
contact  with  the  tissue-elements,  instead  of  being  separated  from  these, 
as  in  the  hydatidose  echinococci,  by  the  thick  chitinous  membrane.  And, 
moreover,  this  living  embryonic  substance  is  capable  of  producing, 
not  only  scolices,  but  also  living  amoeboid  embryos  after  the  manner 
of  an  animal,  and  toxins  like  certain  pathogenetic  vegetable  organisms. 
It  is  by  means  of  these  embryos,  which  are  endowed  with  the  power 
of  amoeboid  movement,  that  extension  of  the  growth  by  con- 
tinuity takes  place,  or,  if  the  embryos  should  gain  entnince  into  a 
blood-vessel,  metastases  in  distant  viscera  may  be  produced.  In  any 
case  the  secondary  tumours  may,  by  the  resumption  of  the  parental 
activities,  start  new  centres  of  violent  toxic  reaction  in  the  containing 
tissues.  This  process  is  the  fundamental  feature  of  the  view  advanced 
})y  Melnikow-Raswedenkow,  but  it  will  now  be  advisable  to  follow  his 
account  of  the  mode  of  formation  and  structure  of  the  alveolar 
echinococcus  tumours. 

An  embryo  of  this  parasite,  which,  as  we  have  said,  he  considers 
specifically  distinct,  having  wandered  into  a  portal  radicle,  comes  eventu- 
ally to  rest,  but  instead  of  becoming  a  voluminous  spherical  fluid- 
containing  bladder,  as  in  the  hydatidose  fonn  of  echinococcus,  it  de- 
velops into  a  distorted  and  much-folded  chitinous  vesicle  (Chitinknauel), 
which  contains,  both  between  its  folds  and  between  these  and  the  wall 
of  the  containing  cavity,  the  finely  granular  protoplasm  which  serves 
the  purposes  of  reproduction,  and  is  the  source  of  its  poisonous  activities. 
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The  toxins  of  the  parasite  in  its  intravascular  nidus  set  up  endophlebiiia, 
and  subsequent  necrosis  of  the  intima,  and,  by  means  of  outgrowing  <>tf 
sets,  or  outrunning  processes,  from  the  chitinous  structure,  which  pei 
f  orate  the  vessel- wail  and  penetrate  the  tissue -elements,  the  parasii« 
forms  for  itself  an  alveolus  in  Glisson's  capsule.  Or  similar  ca^nties  nttv 
be  formed  in  the  tissue-spaces  independently  of  the  blood-vessels.  The 
contorted  chitinous  vesicle  is  the  homologue,  not  of  an  ordinary  echinu 
coccus  ])ladder  but  of  a  ripe  segment  of  a  taenia,  because,  like  the 
latter,  it  can  produce  living  embryos ;  these,  again,  arc  capsiMe  of 
repeating  the  activities  of  its  parent  either  in  adjacent  tissues  or  distant 
organs.  Hence  its  malignant  characters  and  at  the  s^tnie  time  the 
explanation  of  its  multilocular  character.  The  active  factor  in  thf 
reproductive  process  is  the  finely  gnanular  protoplasm  which  lies  init- 
side  as  well  as  inside  the  folds  of  the  chitinous  formation,  and  mav 
manifest  its  activities  under  three  forms — (1)  scolices,  jis  in  ordinary 
hydatids ;  (2)  immature  embryos,  more  or  less  spherical  and  without  a 
capsule  (Jugendform) ;  and  (3)  mature  ovoid  embryos  with  a  chitinous 
capsule. 

The  scolices,  being  developed  in  embryonic  tissue  which,  coiiH"an' 
to  wiiat  happens  in  the  E,  hydatidosus,  is  directly  in  contiict  with 
the  tissues  of  the  host,  are  consequently  exposed  to  the  phagocytic 
action  of  the  tissue-cells,  and  so  become  destroyed.  It  is  for  this  reiismi 
that  scolices  are  difficult  to  find  in  the  tumour  formation  of  EdiiuonM^H^ 
alveolarw.  The  Siime  reason,  according  to  this  writer,  accounts  for  the 
almost  constant  failure  of  feeding  experiments,  except  those  of  v. 
Mangold  and  Miiller;  for,  apart  from  their  paucity  in  number,  the 
scolices  reach  the  intestines  of  the  dog  in  an  exhausted  condition.  <  >n 
the  other  hand,  feeding  experiments  with  the  endogenously  producwl 
scolices  of  Echiiwcoccus  hydatidosus  are  generally  successful,  because 
these  are  in  full  vigour  consequent  on  their  development  >\'ithin  a  caAity 
which  protects  them  from  the  phagocytic  action  of  the  host's  tissue^!. 

The  immature  embryos  (Jugendform)  wander  into  the  lymphatics 
and  blood-capillaries,  and  there  develop  into  sterile  and  abortive  vesicles, 
which  eventually  disappear  in  the  necrotic  changes  wrought  by  their  own 
toxins  amongst  the  tissue-elements  of  the  part. 

A  like  fate  may  befall  some  of  the  ovoid  embryos ;  others  of  these, 
if  their  vigour  be  reduced  or  if  the  tissue -reaction  be  strong  enough, 
may  become  encapsulated  by  firm  connective-tissue,  and  in  these  cir- 
cumsUmces  the  parasite  dies  and  undergoes  calcareous  infiltration  :  more 
often,  however,  they  also  fall  victims  to  the  necrotic  processes  which 
they  initiate.  Other  ovoid  embryos,  again,  may  make  their  way  into 
blood  or  lymphatic  vessels  by  amoeboid  movements,  and  be  carrie<:i  like 
emboli  to  distant  organs  where  they  form  metastases. 

The  presence  of  a  surviving  parasite  leads,  on  the  one  hand,  to 
sclerosis  of  the  connective -tissue  of  the  part,  and  thus  to  an  alvtnjlar 
fonnation,  and,  on  the  other  hand,  to  caseous  degeneration  which  ma? 
affect  both  the  neoplasm  and  the  adjacent  parenchyma  of  the  visius. 
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According  to  the  predominance  of  the  one  or  the  other  of  these  changes, 
Melnikow-liaswedenkow  classifies  these  tumours  as  belonging  to  (a)  an 
alveolar,  (y8)  a  caseous,  or  (y)  to  a  mixed  form  in  which  l)oth  kinds  of 
changes  may  co-exist  to  an  equal  degree.  The  alveolar  form  prevails 
in  primary  tumours,  and  the  caseous  in  secondary  or  metastatic  growths. 

Morbid  Anatomy. — In  the  light  of  its  mode  of  origin  we  may  now 
consider  a  little  more  in  detail  the  general  structure  of  the  tumour  of  an 
alveolar  echinococcus.  The  stroma  defining  the  characteristic  alveolar 
spaces  consists  principally  of  a  firm  sclerosed  connective -tissue  derived 
from  the  organ  in  which  the  growth  has  developed ;  between  the 
constituent  fibrillaj  of  this  is  a  finely  granular  detritus,  consisting  of 
remnants  of  degenerated  cells  of  the  organ,  the  protoplasmic  substance  of 
the  parasite  and  abortive  vesicles  resulting  from  arrested  development  of 
some  of  the  embryos  formed  therefrom.  A\'ith  the  continued  growth  of 
the  pai-asite  disturbances  of  nutrition  supervene,  due  partly  to  mechanical 
pressure,  and  partly  to  the  toxic  influences  exerted  by  the  embryos, 
especially  by  the  immature  forms.  As  an  additional  factor  there  is 
obliterating  endarteritis  in  the  immediate  vicinity  of  the  tumour  which 
accounts  for  the  absence  of  bleeding  on  section  that  has  frequently  ))een 
observed.  The  alveoli  contain  more  or  less  numerous  plugs  of  colloid 
material  which  are  eiisily  removed  with  forceps,  and  are,  in  etfect,  greatly 
contorted  and  folded  chitinous  vesicles  with  the  embryonic  protoplasmic 
substance  disposed  as  previously  described.  These  vesicles,  being  en- 
dowed with  the  faculty  of  producing  living  embryos,  are  the  homologues 
of  the  terminal  segments  of  the  tienia  in  the  intestinal  canal  of  the 
intermediate  host.  The  alveoli  are,  for  the  most  part,  aggregated 
towards  the  centre,  but  they  may  be  scattered  throughout  the  whole 
growth ;  they  are,  independently  of  the  contained  vesicles,  lined  by  a 
thin  chitinous  layer.  Eventually  caseation,  preceded  by  coagulation- 
necrosis  of  toxic  origin,  ensues  and  produces  a  condition  resembling  that 
of  a  gumma  or  solitary  tubercle.  The  caseous  foci  are  permeated  by  a 
felt-like  disposition  of  fine  fibres.  Thus  the  tumour,  at  this  sUige, 
represents  an  extinguished  inflammatory  centre  in  which  degeneration 
and  necrosis  have  predominated. 

The  peripheral  or  boundary  layer  of  the  tumour,  the  outline  of  which 
is  uneven,  is  composed  of  granulation-tissue,  and  presents  a  cavernous 
structure,  the  spaces,  however,  being  microscopic  and  not  macroscopic  as 
in  the  case  of  the  alveoli.  This  zone  contains  numerous  immature  forms 
which  may  emigrate  farther  into  the  neighbouring  tissues,  which  shew 
endarteritis  and  endophlebitis,  and  characteristic  granulomas  enclosing 
embryos  and  containing  epithelioid,  lymphoid,  and  giant-cells.  Sooner 
or  later  in  almost  all  primary  tumours  the  centre  of  the  growth  breaks 
down,  thus  leading  to  the  formation  of  an  anfractuous,  and  often  large, 
cavity  which  is  the  outcome  of  destructive  changes  wrought  by  irruption 
of  bile  and  by  pyogenetic  infection.  The  ca\ity  has  ragged  walls,  and  is 
filled  with  purulent,  bile-stained  fluid  containing  shreds  of  chitin,  frag- 
ments of  the  organ  involved,  scolices,  booklets,  bilirubin,  cholesterin,  fat- 
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crystals,  and  chalky  concretions.  Thus  the  fluid  of  these  tumours  is  a 
pathological  product,  and  not  physiological  as  in  the  case  of  hydatido«e 
echinococci.  Such  cavities  are  very  similar  in  character  to  those 
resulting  from  tuberculous  excavation  of  the  lungs.  In  metastatic 
tumours,  which  do  not  assume  large  dimensions  though  they  imdergo 
caseous  degeneration,  excavation  is  generally  absent. 

As  with  ordinary  echinococcus  tumours,  so  also  with  the  alveokr 
form ;  when  a  part  of  a  viscus  is  occupied  by  a  parasite  the  remainder 
undergoes  a  compensatory  hypertrophy,  a  condition  which,  when  it  occurs, 
should  be  significant  to  the  exploring  surgeon. 

Primary  alveolar  echinococcus  tumour  occurs  in  man  with  by  far  the 
greatest  frequency  in  the  liver ;  in  other  organs  it  is  rare,  but  primiry 
growths,  although  not  broken  down  in  the  centre  as  in  the  liver 
tumours,  have  been  found  in  the  brain,  spleen,  lung,  kidney,  and  adren&U 
(Melnikow-Kaswedenkow).  On  the  other  hand,  metastases  from  a  liver 
tumour  occiu*  most  frequently  in  the  lungs,  lymphatic  glands,  and  brain. 

Geographical  Distribution. — Utilising  Posselt's  statistics,  and  adding 
20  additional  cases  of  his  own,  Melnikow-Raswedenkow  records  a  tot^l 
of  235  collected  from  all  sources.  The  analysis  of  these  235  cases  shews 
a  remarkable  geographical  distribution,  for  no  less  than  2 1 4  of  them  can 
be  assigned  to  the  following  regions  : — 

Bavaria  .....      57 

Tyrol  and  other  Austrian  Alpine  districts  .  30 

Switzerland    .  .  .32 

Wurteml)erg  .  .2.5 

Russia,  includins;  East  Siberia  .  .70 
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The  remainder  for  the  most  part  occurred  as  single  cases  or  in  niunbers 
not  exceeding  two  or  three  in  various  other  South  German  or  Central 
European  districts,  while  three  are  recorded  from  Italy,  one  (or  two) 
from  Franx»,  and  one  (a  German)  from  the  United  States.^  None  have 
occurred  in  Great  Britain  or  in  Iceland  and  Australia,  where  EcJiinocorms 
hydatidoims  is  so  common.  South  Germany,  Switzerland,  and  the 
Austrian  Alpine  region,  on  the  one  hand,  and  Russia  (including  East 
Siberia),  of  which  the  Moscow  and  Kasan  districts  seem  to  be  the  chief 
centres,  on  the  other,  stand  out  as  the  two  principal  regions  where  the 
alveolar  echinococcus  is  endemic  and  relatively  prevalent.  In  seeking 
to  correlate  the  prevalence  of  this  disease  within  such  comparativelv 
restricted  areas  ^vith  its  causes  Posselt  emphasises  the  fact  that  of  the 
domestic  animals  great  cattle  are  almost  exclusively  affected  with  it, 
while  it  is  exceedingly  rare  amongst  sheep  and  swine ;  and  he  further 
spates  that  the  areas  of  distribution  of  the  disease  for  man  and  cattle 
coincide.  With  this  he  contrasts  the  prevalence  of  hydiitidose  echin<>- 
cocci,  to  the  complete  exchision  of  the  alveolar  form,  in  such  coimtrics  lis 

^  Professor  Osier  refers  to  .six  oases  in  the  United  States,  chiefly  iu  (Termauk*. 
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Iceland  and  Australia,  and  in  such  European  districts  as  Mecklenburg, 
Pomerania,  and  Dalmatia,  where  the  sheep  industry  is  dominant  over 
that  of  cattle.  From  such  considerations  human  infection  is,  according 
to  this  writer,  attributable  to  the  association  of  man  with  the  beasts  in 
question,  often  in  close  confinement  in  stables  and  under  conditions  which 
are  filthy  in  the  extreme.  Though  he  is  unable  to  state  the  exact  means 
by  which  man  is  infected,  he  implies  that  the  dog  is  an  unnecessary 
factor  in  the  process,  and,  as  already  stated,  he  adopts  the  view  that  the 
alveolar  echinococcus  is  the  product  of  a  taenia  specifically  different  from 
that  giving  rise  to  the  hydatidose  variety.  Against  this  view  of  the 
agency  of  cattle  Melnikow-Raswedenkow  raises  the  pertinent  objection 
that  in  the  majority  of  the  Eussian  cases  (of  which  he  himself  brings 
foi'ward  so  large  a  number  in  addition  to  those  of  Posselt  as  to  constitute 
Kussia  the  principal  centre)  infection  cannot  be  thus  explained,  inasmuch 
as  the  greater  number  of  the  sufferers  followed  occupations  which  did  not 
bring  them  into  special  association  with  cattle.  Moreover,  he  points  out 
that  in  Russia  there  is  no  line  of  demarcation  between  the  areas  of  dis- 
tril)ution  of  the  alveolar  and  hydatidose  forms.  Nevertheless,  it  remains 
tnie  that,  generally  speaking,  there  exists  a  remarkable  difference  in 
the  areas  of  distribution  of  the  two  forms  of  parasite ;  this  in  itself  is 
very  significant. 

Occurrence  in  Animals.  —  In  contradistinction  to  the  Echinococcus 
hyd<itidos!tis^  which  has  been  found  in  a  considerable  number  of  different 
animals,  the  alveolar  form  is,  as  yet,  only  known  to  occur  in  large  cattle, 
sheep,  and  pigs — in  the  first-named  with  considerable  frequency,  in  the 
hist  two  but  rarely.  Its  biological  features,  general  characters,  patho- 
logical conditions  and  effects  upon  the  tissues  of  the  host  are  in  the  main 
the  same  as  in  man,  but  it  is  stated  that  excavation  is  less  frequent  and 
scolices  more  rarely  present  than  in  man. 

Clinical  Aspects. — As  a  primary  tumour  it  has  been  found  in  the  liver, 
the  brain,  the  spleen,  lung,  the  kidney,  and  adrenals,  and  as  secondary 
or  metastatic  deposits  in  the  lymphatic  glands,  lungs,  diaphragm,  gall- 
bladder, peritoneum,  mesentery,  and  kidneys.  It  has  generally  been 
unexpectedly  discovered  post-mortem,  having  been  quite  overlooked  during 
life.  But  of  later  years  it  has  been  diagnosed  in  several  instances  when 
affecting  the  liver. 

The  Liver. — Alveolar  echinococcus  si^inpimns, — The  earliest  manifesta- 
tions are  usually  gastric  and  intestinal  disturbances,  such  as  anorexia, 
nausea,  vomiting,  constipation  or  diarrhcea,  with  perhaps  weight  and 
fulness  in  the  hepatic  region,  but  in  many  cases  appetite  and  digestion 
have  been  perfect.  Jaundice  is  specially  frequent,  occurring  in  80  per 
cent  of  the  cases  according  to  recent  statistica  It  comes  on  early,  on  an 
average  about  two  years  before  death,  and  is  sometimes  the  first  symptom; 
it  is  well  marked  and  often  intense,  is  persistent  and  fairly  constant  in 
degree,  though  it  occasionally  remits,  especially  if  the  growth  should 
soften  and  diminish.  It  gradually  induces  its  usual  concomitants,  pale 
stools,  choluria,  slow  pulse,  pruritus,  hsemorrhages,  emaciation,  and  weak- 


[lesg,  Hnd  is  most  cummoiily  ibc  caust;  of  death.  F&tiente 
icterus  is  iibeent  or  alight  generally  live  lunger.  From  pressura  nn  Uw 
[lortiil  vein  or  invasion  of  its  walls  asuites  and  enlBrgemeut  of  the  aplMn 
mity  result,  but  both  these  conditions  are  imcommnn.  Interference  villi 
the  i-etiiru  of  blood  through  the  inferior  vena  cava  occasionally  prodiicw 
utdetna  of  the  logs,  and  dilatation  of  the  veiaa  in  the  abdonilnul  «nll 
Pyrexia,  when  present,  is  due  either  to  complications  or  w  inflamnutini 
in  or  around  the  liver.  If  the  parasite  be  central  the  liver  is  uiiiformlf 
enlarged  upwards  or  dotrnwards,  with  perhaps  a  rounded  edge,  and  i 
firm  consistence,  so  as  to  simulate  a  large  ciiThotic  liver.  But  if  sitiiat*d 
on  or  near  its  surface  a  nodulated,  veiy  hard  outgrowth  r(<stdto.  Soot- 
times  even  then  its  inequalities  are  counterbalanced  by  great  thickening 
of  the  capsule  between  them  ao  as  to  yield  a  dense  uniform,  almost  stonj 
prominence.  Should  its  centre  undergo  degenerative  sofUtning  liui 
tumour  will  be  soft  or  even  fluctuating  tu  palpation.  Teiidenie-is  ii 
absent  unless  localised  peritonitis  or  periheiiaiitis  supervenes 

The  duration  of  life  varies,  and  generally  cxtenils  to  scvemi  y«M«; 
in  one  case  it  was  fifteen  after  invasion  by  the  parasite- 

IHtiffrunns. — From  cirrhosis  of  the  HveL-. — In)  In  the  early  stu^  J 
enlargement  the  liver  is  uniformly  increased  in  size,  slightly  luidisr, 
smooth,  and  not  very  hard.  There  is  a  hbloiy  or  the  evidem-a  of 
alcoholism,  and  dyspeptic  symptoms  are  marked,  and  there  may  H 
evidence  that  the  i»tient  has  never  lived  in  a  locality  whore  tin 
EckiitoojccttS  alveoliifis  is  endemic.  ((>)  In  the  coiitmctwl  etnge  Iba 
organ  is  small,  with  a  granulated  surface,  and  uniformly  finn.  JaimW 
is  late  and  only  moderate,  ascites  is  marked,  splenic  onlkrgeraent  cmv 
siderable,  and  the  general  health  much  impaired. 

In  carcinoma,  which  resembles  alveolar  hydatid  more  closely  Uiu 
does  any  other  disease,  the  liver  may  1>e  very  greatly  enl&rgcd  and 
*-ery  tender  on  pressure,  w-ith  miii-ked  altemtion  in  form,  a  very  irregnbtr 
margin,  and  with  bosses  pei'haps  nmiiilicated  ;  not  of  stony  hardnca% 
nor  with  any  extensive  area  of  softness  or  fluctuation.  It  nearly  iUvsn 
occurs  in  later  life,  is  of  short  duration,  i-aiely  lasting  moi-e  than  a  ye«r, 
and  is  associated  with  much  witsting  and  cachexia,  and  with  aacitM. 
The  spleen  is  not  enlarged,  and  it  may  l>e  clear  that  the  patient  doe^  not 
come  from  an  infected  district. 

From  Echijioeocfui  lu/tlatiilysii^. — This  may  occur  in  childhood  (ili« 
E.  alvfolaiis  has  not  been  obsei-ved  before  puberty).  The  prominotica 
may  be  a  large,  round,  smooth  elastic  cyst,  not  stony  and  not  tliictualiiig. 
Icterus  is  scarcely  ever  present  apart  from  suppuration.  It  is  ioaai 
commonly  in  certain  districts,  as  Iceland,  Anstntlia,  etc.  where  A 
tUwotaris  is  unknown ;  whereas  this  is  endemic  in  athvr  {mrtA, 
Kussia,  Bavaria,  Switzerland,  and  the  Tyrol. 

As  aids  to  diagnosis  the  sputum,  urine,  and  fieces  should  lie  exunti 
for  ovoid  embryos  or  other  constituents  discharged  from  metastases  in  t)>4 
lungs,  the  kidneys,  and  the  bowels. 

In  a  case  of  primary  alveolar  hydatid  of  the  Itinff  recorded  by 
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Si  pneumothorax,  which  had  existed  for  two  years,  became  transformed 
into  a  pyo-pneumothordx  shortly  before  death.  The  existence  of  the 
panisito  was  not  sus|>ected  during  life. 

Treatment. — This  has  so  far  been  very  unsatisfactory.  It  has,  in  two  or 
thi-ee  instances,  l>ecn  shewn  that  a  primary  tumour  of  the  liver  can  l>e 
i*emoved  with  a  successful  result,  provided  it  be  discovered  sufficiently 
early,  but  this,  from  the  difficulty  of  diagnosis  in  an  early  stage,  has  very 
rarely  happened.  On  the  other  hand,  all  8iu*gical  interference  with  large 
tumoura,  especially  when  excavation  has  taken  place,  has  been  totally 
unsuccessful,  or  even  impracticable,  from  the  difficulty  of  removing  the 
whole  focus  of  infection  ;  some  attempts,  indeed,  have  been  attended  with 
disastrous  results  from  profuse  and  fatal  hiemon*hage.  The  first  con- 
sideration, therefore,  from  a  therapeutic  point  of  view,  is  to  improve  the 
method  of  diagnosis  so  that  tumours  may  be  discovered  at  a  stage 
sufficiently  early  to  i)ermit  of  their  removal.  Partial  removal  or  evacua- 
tion of  the  fluid  contents  are,  of  coui-se,  futile,  as  the  active  pirt  of  the 
gro\vth,  with  potentialities  for  fiuther  spread  and  dissemination,  is  left. 

Attempts  have  been  made  to  destroy  the  acti\'ities  of  the  growth  by 
the  local  use  of  i>anisiticidal  fluids,  and  in  one  such  cjise  the  repeated 
injection  of  formalin,  tluough  a  surgically  established  fistula,  was  dis- 
tinctly beneficial  as  regards  the  general  conditions,  though  the  patient 
died  eventually  from  intercuiTent  tuberculosis.  Such  a  case,  however, 
encoui-ages  the  continued  trial  of  all  substances  likely  to  have  a  local 
parasiticidal  eflect.  In  the  meanwhile,  efforts  should  be  made  to  obtain 
some  substance,  possibly  a  prophylactic  or  curative  scrum,  which  might 
act  through  the  blood ;  in  this  relation  the  beneficial  efl*ect  of  iodide  of 
potassium  on  the  analogous  infective  granulomas  of  syphilis  and  actino- 
mycosis suggests  that  this  drug  should  be  thoroughly  tried  in  the  wise  of 
this  parasite.  Seeing  that  the  active  agents  in  alveolar  echinococcus 
disease  are  the  ama'boid  embryos,  the  problem  to  be  solved  here  is  of 
the  same  nature  as  in  amoebic  abscess  of  the  livei*  and  in  trypano- 
somiasis, in  which  the  parasites  to  l)e  destroyed  are  of  a  protozoan  nature. 
In  amcebic  abscess  the  analogy  ^nth  echinococcus  disease  is  close,  for  in 
lK)th  there  is  a  suppiu-ating  cavity  with  the  actively  destructive  embryos 
congregated  at  the  periphery  of  the  tumour.  But  though,  both  for  the 
parasites  of  hei>atic  abscess  and  of  trypanosomiasis,  several  substances 
have  been  shewn  to  be  lethal  outside  the  l)ody,  none,  with  the  possible  excep 
tion  of  injection  of  quinipe  in  amoebic  abscess  (Rogers  and  Wilson),  have 
3'et  been  effectual  infra  mtam.  Nevertheless  the  investigations  in  these 
diseases  indicate  the  lines  on  which  we  must  proceed  in  alveolar  echino- 
coccus for  the  discovery  of  a  cure  by  medical  treatment.  As  Melnikow-Ras- 
wedenkow  remarks,  the  treatment  of  infectious  diseases  has  been  successful 
just  in  proj>ortion  as  we  have  attained  to  a  knowledge  of  the  life-history 
and  conditions  of  the  causative  agent ;  thus  here,  also,  more  complete 
information  on  this  head  is  the  first  requisite  for  progress  in  thera- 
I>eusis. 

In  the  absence  of  an  adequate  knowledge  of  the  biological  as|>ect  of 
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the  subject  we  are  unable  to  speak  of  means  of  prophylaxis,  fur  wc  dn 
not  know  the  source  from  which  infection  is  in  the  first  place  derived. 
There  is  no  direct  evidence  to  implicate  the  dog  as  an  intetmediate  bo^t, 
as  in  ordinary  hydatids,  and  though,  as  stated  above,  I'osselt  believes  the 
human    disease  to  be  in  some    way  associated  with   its  occurrence  in 
horned  cattle,  yet,  from  what  has  appeared  under  the  head  of  geognipbiGil 
distribution,  this  view  cannot  be  said  to  be  established.      It  is,  howevt-r, 
satisfactory  that,  after  a  long  period  during  which  our  knowledge  of  this 
malignant  and  dangerous  malady  has  remained  stationary,  it  has  of  recent 
years  received  increased  and  intelligent  study  at  the  hands  of  some  ven* 
competent   investigators   from   whose  work   much    new    and    im])ortaiit 
information  has  already  accrued. 

E.  C  STiiajNt.. 

.1.  C.  Vkkco. 
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AUsceSsS,  tropical,  of  liver,  579-605  ;  suprji-    I 

hepatir,  588  I 

Acanlliocephala,  955-957  ' 

Acanthophis  antoi'dicns^  784,  795  | 

Acari  (se4:  IMcks),  187-203 
ArartcunyUi^  16ti 

AcephiUucystis  of  L:ieniiec,  977,  989 
Achorion  schoeideinii,  745 
Achromaticu^  {Plasinodium)^  74 
Acin  spinoxa,  843 
Artiiioinyxidia,  98 
Adelen  ovata  (Figs.  39,  40),  70 
A(k>ii  ulcer  (tropical  phaged%iia),  739 
At'(h'na\  166 
Agglutination  test,  the,  iu  cholera,  452  :  in 

dysentery,    492 ;    in    Malta    fever,    432 : 

in  ]>lague,  383 
Ainhuni,     728  -  731  ;     leprosy    and,     729  : 

patliology,  728  ;   sclero<lennia  and,  729  ; 

symptoms,  730  ;  tn>atmeut,  731 
Albuminuria,  in  chyluria,  941  ;  in  malaria, 

255,  257,  264  ;  in  snake-bite,  797,  808 
Aftfn'chutj  156 
Ahrtorohuui,  189,  196 
Aleppo  boil,  para^ite-s  in,  50 
Alternation  of  generations  in  Protozoa,  13 
Ainbbjomma,  192,   197  ;  carrier  of  "heart- 
water"  disease,  198 
Aviceha  hlatto\   17  ;    hiiccaUSf  18,  21  ;   rofi 

(Fig.  1,  p.  19).   18,  ,532  ;  c^tli  mUis,  532  ; 

(f  y  Si' liter  to  s   532  ;    histolytica  (Fig.    2,  p. 

20),  18-20,  ,535 
Aiiioebiea,  16-21 
Auiabula,  12 

Aiitphistnmvia  homini\  862;  icatsoni,  862 
Amyloid  disease,  in  leprosy,  665  ;  in  malaria, 

250,  251  ;  in  tropical  liver,  571 
An.enda,   in  malaria,    264  ;    in  ponos,   606, 

610  ;  in  tiij>eworm  infections,  850 
"  Anakhre,"  see  Goundou,  731-734 
Anasarca  in  malaria,  265 
AntuMi-oihn     cvHtodrix^     783;     piscicnnts, 

783 
Angiostomidae,  952-955 
A  mj  Hill  tiki  intestiiidlis  et  sfercoraiis^  952 
Angudlulida-,  919 
Ani>ogamy,  12  j 
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Anisolabis  aitnulipeSt  843 

Ankylostoma  duoiUncUe  (Figs.  178-184), 
895-898  ;  and  Strmigyloides,  953  ;  in  kahi 
azar,  287  ;  in  water-itch,  760,  898  ;  ova, 
898 

Ankylostomiasis,  899  -  905  ;  and  beriberi, 
641,  900  ;  and  water-itch,  760 ;  blood- 
changes  in,  902  ;  diagnosis,  902  ;  hseiuo- 
lysis  in,  897,  900  ;  pathological  anatomy, 
903  ;  prophylaxis,  905  ;  symptoms,  901  ; 
treatment,  904 

Annannte  son*,  739 

AnopheUs  {see  Mosquitoes),  122-168,  151  ; 
host  of  malarial  parasites.  82,  243  :  in 
tilarlasis,  936,  938 

Anophelinse,  148-157,  243 

Anti-venomous  serums,  811-819  ;  specificity 
of,  812-815 

Ants  and  plague,  374 

Aphthae,  chronic  (sprue),  .545-566 

Aphtha  tropica  (sprue),  545-566 

Apiosoma  {Piroplasmn),  86 

Aponomma^  192 

Apoplexy,  Heat-,  771 

Archisix>res,  11 

Areticus  on  hydatid  disease,  976 

Argas^  189  ;  A.  moubata  and  tilariasis, 
933  ;  mi  Hiatus,  194  ;  and  tick  fever,  302  ; 
and  yaws,  697  '^persictfs^  193 

Ai^sidse,  189 

.\rum  and  Dicroaxl iinn^  857 

Arribcdzaffia,  153 

Arsenic  and  leprosy,  687 

Arvicanthns  pumilio  and  plague,  377 

Ascaridte,  884-893 

Ascaris  alata,  889  ;  (fjni,  894  ;  ntuis  (Fig.  ^ 
174),     889,    893;    canicido,    889;    cati, 

889  ;  /cUs,  889  ;  lumbricuides  (Figs.  169- 
173),  885-889,  symptoms,  888.  treat- 
ment,  889  ;  margitiatat   889  ;    hmritima, 

890  ;  martiSj  893  ;  inystan\  889  ;  renalis, 
893  ;  feres,  889  ;  trans fuga,  890  ; 
frichiura,  906  ;  tricuspidata^  889  ;  ver- 
minilaris^  890  ;  viscera/ ij*,  893  ;  irerneri, 
889 

Awpis  farinalis^  843 

Asylum  dysentery  (see  Dysentery),  477-545 ; 
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alto  478,  488,  492,  500,  511,  514  ;  treat- 
ment, 517 

Athene  noetua  and  trypanosomiaais,  35 ; 
and  Spiroekeeta  nemanitt,  48 

Atozyl,  208,  225 

Auekmenm^fia  hiUcta  (Fig.  108),  184 

Australian  snakea,  bitea  o^  809 

Aatogamy,  18 

Babena  (Piropkuma),  86  ;  in  spotted  fever, 
307,  811  ;  similar  organism  in  dengue, 
353 

BaeiUua  dyaaUerio!  (Flexner),  490-502; 
(Shiga),  490-503;  ag^^atination,  492; 
chanicteriiitioa,  490  -  494  ;  immnnisatioii 
by,  493  ;  in  healthy  persons,  502  ;  isola- 
tion, 494,  500 ;  priority  in  discovery  of, 
496-498 ;  types,  498 

Baeiaua  Iqtrm,  654,  665-678 

BaeiUuB  pesHe,  865-883;  toxin,  379; 
virulence,  378 

BaeUlut  peeudo-tvberctiioeis  rodentium^  378 

Bacillus  pyoeyaneuM  in  dysentery,  489 

Bacteria  and  disease,  8 

Bacterium  brietolenee  and  plague,  378 

Bael  fruit  in  dysentery,  5& ;  in  sprue,  561 

Bakmtidiutn  eoli  (Fig.  80),  118,  544 

Balbiania,  106 

Bandicoots  and  plague,  877 

Barbien  (beriberi),  615 

"  Barcoo  rot,"  744 

*'  Barkers,"  769 

Bats,  malarial  parasites  in,  74,  82 

Bdella  nilotiea,  959 

Beauperthuy  treatment  of  leprosy,  the,  686 

Bed-bugs  and  beriberi,  626  ;  in  European 
relapsing  fever,  46 ;  in  kala  azar,  53  ;  in 
plague,  374  ;  in  spotted  fever,  303,  306, 
311 

Beriberi,  615-643  ;  and  trichiuellosls,  918  ; 
bacteria  and,  619  ;  blood  changes  in,  637 ; 
death  in,  638  ;  diagnosis,  640  ;  diagnosis 
from  sleeping  sickness,  224  ;  distribution, 
616;  "dry,"  631;  etiology,  619-627; 
fever  and,  632 ;  food  apd,  623  ;  gastro- 
duodenitis  and,  629  ;  history,  615  ;  insects 
and,  626  ;  mortality,  638  ;  niiisoles  in, 
634-636  ;  nitrogen-starvation  and,  622  ; 
cedema  in,  633 :  pathological  anatomy, 
627-629  ;  peripheral  neuritis  in,  627,  630, 
632,  634-637  ;  prognosis,  639  ;  soil  and, 
624 ;  rebipse  in,  639 ;  rice  and,  623 ; 
synonyms,  615 ;  s^'mptoms,  629-638 ; 
treatment,  641;  urine  in,  633;  ''wet," 
632 

/3-nnphthol  in  helminthiasis,  904 

**  Bibo,"  196 

Bicho,  El  (dysentery),  514 

Bilhorzui  hivmatobia^  863  ;  ntaf/na^  870 

Bilharziasls,  864-883  ;  and  chyluria,  942  : 
blood  -  changes  in,  877  ;  complications. 
878  ;  diagnosis,  878  ;  distribution.  864  : 
etiology,    870 ;    infection    in.    868-870 : 


morbid  anatomy,  871  -874 ;  nmtnral  histoiT 
of  parasite  o^  865-868  ;  preventioii,  881 : 
prognotds,  879 ;  symptoma,  874-877 ; 
treatment,  880  :  loology,  870 

BUirubin  in  hydaUd  disease,  1008 

Biopsy  in  trichinellosis,  917 

"Blrket,"869 

BinmeUa,  156 

Bischeo  (dysentery),  514,  522 

Bitie  arietane,  783 

Blsck  vomit,  the  (yellow  fever),  818,  318; 
in  plague,  400 

Blsck-pitted  tick,  199 

Blackwater  fever,  289-801  ;  cansatiou,  2M- 
295 ;  diagnosis,  299  ;  malarial  paraste 
in,  291-294  ;  morbid  anatomy,  296  ;  jn- 
phylaxis,  300;  quinine  and,  294-296; 
symptoms,  296  ;  treatment,  299 

Bladder,  the,  in  biUuuriasis,  871,  876 

Blapt  mucronata,  957 

BltUta  orientaUst  amosbie  and,  17 ;  sa4 
plague,  874 

Blepharoceridse,  170 

Blepbaroplasts  in  the  mastigophoim,  2ft 

Blood-changes  in  ankylostomiaala,  902;  ii 
beriberi,  637  ;  in  bilharxiasia,  877 :  ii 
blackwater  fever,  297 ;  in  cholera,  460 ; 
in  dysentery,  510 ;  in  ftlariasia,  911^ 
989;  in  helminthiasia,  849,  888,  9M^ 
958;  in  malaria,  254,  266,  258 :  in  Mslla 
fever,  431  ;  in  plague,  400 ;  in  powN, 
610,  613;  in  snake-bite,  801  ;  in  ttt 
fever,  304  ;  in  trichinelloaia.  916 ;  ii 
yellow  fever,  331 

Blood-sucking  flies  (Figs.  98-108),  169-185; 
ticks,  187-203 

Bodo  lacertw,  25,  28  ;  Irns  (Fig.  4),  29: 
urinarius  (Fig.  5),  29 

Bone-marrow,  in  blackwater  fever,  296  ;  ia 
malaria,  251 

"Bont"  tick,  the,  198 

BoophilvSf  193 

•  *  Borrachudo  "  midges,  1 76 

Bothrincephalvs,  849 ;  baltictts,  845 ;  cor- 
datus,  847 ;  cristatna,  845 ;  lalitttimni^ 
845;  /o/u-s  845-847  ;  ligttloitUs,  847: 
tropicus^  834 

"Boudda"  (latah),  769 

Brain,  the,  cysticerci  and,  840,  989.  998: 
in  Idack water  fever,  296  ;  in  malaria, 
248  ;  in  yellow  fever,  331 

"Brand  Zeer"  (Veld  sore),  744 

Breeze-flies  177-181 

Bnxxi-capsules,  834  ;  set  alut  Echinccoceu* 
hydatidosa,^ 

"Brfllot"  flies,  173 

BuIk),  climatic,  728-728 

Buboes  in  plague,  398 

Bubonic  plague  [sfe  Plague),  396-402 

Buffalo-gnats.  173 

Bugs  (see  Betl-bugs),  46,  .^S.  .30.3,  306,  311. 
374,  rt26 

"  Bunches"  in  ankylostomiasis,  898 
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Bi'ifjart'H  nrruhifs,  783,  796-803 ;  bite  of, 
SO.'),  812-815;  /(Ltciatus,  783,  797-803; 
bit*-  of,  .sOtf,  812-815 

•'  Butlon-sturvy  "'  and  yaws,  696 

Caclifxia  in  malaria,  264,  265  271 

Calabar  swellings,  930-932 

Calentiiiv,  771 

Cancer,  parasites  of,  114 

<'opi/nlnui,  188 

<  'apyliai-a  ami  trypanosomiasis,  32 

••Carat."  (pinta*),  750-753 

"Caribi  sickness"  (dveentery ),  514 

raris,  189 

f  \irifonjftffi^  113 

(.'ashew-nut  oil  in  leprosy,  686 

Cattle  and  Tun  in  xiyiimtn^  835;  East  Coast 
fever  of.  87  ;  piroplasmosis  of,  87  ;  Rhotl- 
esian  hmI water  fever  of,  87  ;  sarcasjwr- 
iiliosis  of  (Fijr.  73),  103  ;  bpirillosis  of, 
302  ;  ticks  and  "  roast  fever,"  199 

Cousus  rhombeotus^  783 

reUia,  155 

Cephalont,  63 

I'f-rastcs  otrnutiis,  783 

Crntfiu'tHit'Sj  191  :  putug,  191 

Cent(i>pfif//ifs/a-'iriattiH  iiin\  plague,  375 

(.'eratojfttyim  j)iUicarid  (Fig.  98),  172 

ffrrarioj  852 

Cercomitnas  intentinalis^  55 

CerropithrcK.s  albogularis  and  PvrocepfuUiis, 
959  ;  /uliffinostis,  870 

CestiMla,  831-851  ;  general  description,  831- 
834 

(Vtoiiio  anratifit  and  h' iffuntorhyncJiuSf  957 

"CliJigies  fever"  (malaria),  244 

Cliarcot's  crystals  in  hydatids,  1002 

Cliaulnioogra  oil  in  leprosy,  685 

(yheiracanthus  siamen^is^  955 

r/(elircnf,  188 

Clicloids.  tropical.  766 

ChiL'oe,  761 

<:hil,KloH  cu'uUuIhs  (Fig.  79),  117 

'•Chiuchc."  196 

CliironomidiR,  the,  172 

Chitin,  the,  of  hydatids,  1000 

f'/i/iimi/tloj/hry.s  titt^rmrm  (Fig.  3,  p.  22),  21 

fVil<n\niiyxuni  leifdiyi^  98 

Clilorosis.  F^cyptian,  900 

Chnlcra,  435-477  ;  agglntinatiou  test,  452, 
457;  Iwicteriology,  448-458 ;  rfuff era  sicca, 
466:  colla])sein,464  ;  cramps  in,  464;  dia- 
gnosis, 468  ;  diet  in,  476  ;  endemic.  443; 
epidemic,  443-445 :  eruptions  in,  467  ; 
ctiolojjy  and  epidemiology,  440-448 ;  forms 
of,  465-468  ;  history  and  geography,  436- 
440  ;  immune  sera,  455  ;  incubation,  463  ; 
••  Indian  cholera-pills,"  473  ;  individual 
susceptibility  to,  442  ;  intravenous  in- 
jet-tions  in,  473  ;  morbid  anatomy,  458- 
462 ;  prognosis,  469  ;  quarantine  a 
failure  in,  439;  jirophylaxis,  470;  sanita- 
tion   and,  440,   447  ;   sequels,  '468  ;  soil 


and,  447;  spread  by  drinking-water, 
441-448  ;  by  man.  445  ;  st«K)ls  in,  459  ; 
symptoms,  463-468  ;  toxin  of.  455,  462  ; 
treatment,  470-476  ;  three  stages  of.  46'!- 
465 

Cholerine,  466 

Cholo-unemia  in  cholera,  468 

C^hrush/a,  154 

Chromatophores  in  AmoeUi  hislofytica,  20; 
in  tlie  niastigophora,  25 

(Hiromidia  in  protozoa,  11,  15 

Chrysarobin  in  Dhobie  itch,  749 

(^hrymmyiu  macfUnriu  (Fig.  109).  185 

Uhry8t>p»  (Fig.  101),  177-181  ;  tfimidiatu8 
and  tilariasis,  932 

"  Chunam  '*  and  Ji.  pefi/i,s,  369 

Chylocele,  943,  951 

Chyluria,  940  ;  diagnosis,  941  ;  treatments, 
950 

Ciliata,  114-119 

Cinchonism,  273 

Cinnamon  in  dysentery,  522,  524 

<*isludo  eiirojMf-a^  83 

Cit§tlns  cUumhianus  and  sp«)tted  fever,  307 

C1(uhtco:liiim  hrjMtit^tm^  853 

Clndorrhis  iratsoni  (Figs.  160,  161),  862 

Climate  and  disease,  1-5 

Climatic  bulx),  723-728  ;  association  with 
plague,  723 ;  bacteriology,  724  ;  dia- 
gnosis, 726  ;    8ym])toms,  725  ;  treatment. 

Cobra  venom,  789,  797-803  ;  antiserum  for. 
812-815  ;  symptoms  due  to,  805 

Coccidia  (Figs.  88-40),  67-73,  78  ;  classifi- 
cation of,  73  ;  not  proved  to  infest  man,  67 

Coccidivides  immitis^  114,  827 

CoccidiosLs  in  lUiUi,  825-828 

Cocculiitm  higc/ninum^  826  ;  runicidi^  826  ; 
himinis,  826  ;  schnhcrtji  (Fig.  38),  69,  70 

Cockroach,  the,  and  pla};ue,  374  ;  hast  of 
AinoUu  17:  of  Da itiittra^  844  ;  of  Lojdio- 
monuSj  56  ;  of  PleisUtphora  {teriplanetce^ 
99 

Cc»?lozoic  sjiorozoa,  57 

Cotunjonimug  heferop/iyc.%  859 

Co' n  urns  cerehrtUix,  981 

Coko  (yaws),  695-703 

"Congo  tloor-maggot^  the,"  185 

Conjugation  in  protozoa,  12 

Coolie-itch,  760,  898 

Cortiyhtbio  (tnthrojtojfhut/o^  186 

Ctfrcun  torquotus^  93  1 

(htt.Hs  satrpio^  102 

Coff/lotjonimus  Ju'teropht/fs  (Fi^js.  154.  155), 
859 

*'  CoHpdr  Ikinr"'  in  yellow  fever,  333 

Cowti  oil  in  lepnwy,  686 

Cramps,  muscular,  in  cholera,  464 

Craw-craw,  759-760,  920 

*' Crescent*,"  in  malaria,  77 

Crithidin  (Fig.  24),  49 

Crotalina^.  783,  797  ;  antiserum  for  bites 
of,  813-815 
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Oiiia,  1U3'1S5  ;  ilhiI  tmritHri,  6it,  \  hoct  oT 

malarwt  panuit<H  of  birds,  Z'i,  82 
CaUx/atigawi,  164  ;  raicraBluiffi  and,  naS 
CWm  piiiam,    ISEi  ;    haKt    of  Spiroflueta 

titmanni,  48  ;  host  of  Trypanomtaa  nor- 

Iheo,  3G-41 
UalicidK  (ME  Miwqultoes),  122-163 
CuUdnie,  157-106 
CiTWiO,  ill  helmiutbiuii,  S50 
Oyali-ieiijiUroTi,  162 
l^dujii,  Filatia  mediiniiiit  and.  923  \  intel- 

iu(HliHt«  host  to  Hj/vitmilrpu,  844 
Ci/doHjinm  caryolntiea,  72 
CiraiKephiUia   vtaniuM    nnd    PofKe/iluilwt, 

95S 
Cyd-rortiiation  In  Protoiiw,  II,  IG 
£VK>««rHA   S33:   Wii   (FigK.   122.   123). 

SSS;  offMiM,  837.  83a-81I  (Pig».  126, 

ISO).    9S1  ;    maliaKuiarid,    841  :    raa- 

Oyilommtas  ui-inaru:,  26 
CyatoatDmc,  11& 


uellal, 


11,837 


Cylocyrt,  88 

Cylopygn,  116 

OgtoriiJKUii  luU  in  BypLilla,  48.  114  ;  i>ac- 

f|-a«r,  109  :  variola!  (Figs.  77,  78}.  lOB- 

113;     " lutranacleu "    cycle    of.    111; 

■■VM0iaB"c)ralBof,  no 
Oytoryotei,   109 ;    ratcirtio!,    lOS ;    innWw 

{FigH.  77.  78),  109-113 
CyWryctiite,  113 

Uaboia  nuitUi.  78B,  768-803  ;  bite  of,  807. 

8I2<B1S 
DactyUmma  IBcttaogregaritM),  C3 
"Dun  Dinis"  (midgea),  17S  * 

Duilalssea')  diwue  {■■■■M'ti  lepnuyl.  077 
DaiiilciBitga  (airmogrtgariiui),  83 
Dsrier's  lUseBse  uid  psoroBpamiii,  827 
"  D»rtn»,"  699 
Davainta  luial'm,  831 ;  tmuiaf/iuainentiii. 


841 

IJeatb,  Eiidden,  in  hydatid  opuratiaUH,  1009, 

1012 
Delhi  tore,  paruitM  in,  SO,  233  :  due   lo 

fltleonnna  Ifopitmiiy  55 
lleiuiroMyina,  107 
Dengue,  345-354  ;  kud  CuiKc  fatigann,  165, 

353:    uanrse,   348-352;    dugnosu.   352; 

distribntiou,  349  ;  history,  348  ;  inciibk- 

tioD,  362  ;  nature  of  infeating  igtmt.  352  ; 

nubtn,  initial,  349  ;  Umiinal.  350  ;  aynip- 

toma,  348-S52  ;  tniUinent,  354 
OfHUontd  j»(Mr6a,  784.  813-815 
Otniiaetntor  (Vi«.  113).  193,  196:  ntiea- 

latut,  citnier  of  Piniplamm  eanu,  197  ; 

afipotteil  rever,  307.  312 
Demiittltl^  aaUr,  7fl6 
ItermiUobia  niicvi/ii,  186.  763  ;  •.•ganUinlriii, 


763 
Dhob 


DiorrhiEB,   dywnteric,  al3  ; 

B'tciliut  dyteiitmvr,  4B9 
Dlbotlmovuphalidc,  815-849 
DiiutltrUicephaiwi  emiatwit,  M  7 ;  lot**  I F^ 

133-1S7),  846-8471  ejinptanu,  849 ;  ttut 

luent.  860 
bihnthriitm  maKtoni,  647 
Ijiimariium   ianoeal-am     (Kigt.    I4G,    II 

853,  866  :  larweolatum.  850 
Diemenia  Uxtilit,  784  ;  antueruu   Car  I 

If,  813-8IG 
DieetuphyHit  teiuUi,  898 
Di^aeanlhut  oaniu,  84S 
IHpUvonoi-onuipvndi*  (Pig.  138),  64> 
Dlptera  (Fjga.  9a-10»).  169-1S4 
bipf/tutiitm  raitinuM,  844  ;  ewnmimii 

844 
DiseBH  and  climatE,  1-6 
Diieasea.   tropicnl,   205-821  ;   of  Uh  <t 

tropical,  734-767 
DMoma   cdjwmw,    868  ;   nnv'iinefaaH,    UK , 

amai,  850  ;  /umaUHuat.  863  i  \ 

Htfuwuum,  858 ;   hrpalicaiH  fnnni'eji— ^ 

868  ;  Itepaliii  nubnuEiiui  *i>w  pmtitimmt 

868  ;  Ag«(u  iHai)  —     '   " 

869:  /ajDOMWm.  8SS;  /iiuxatiKMa.'BSS; 

tundi  humtni  (Fk.  140),  863 

860  :  piUnimis,  860  ;  riiijKn,  JHH) 

cum,   869:   nnniw,   868 

868  :  leUHicallr,  859 
DUlumum  hutH,  8fiS  :  oipiv.  853  ; 

855  ;  hepaiic<'ii.  863  ;  /aia<wAK«H.  tM, 

858 
HiXhmiua  arnih))lottomvm,  894  ; 


Dog,  the.  codiiaiosla  of.  826  ;  i^mplMaUM 
or  (Figs.  52,  641.  87.  carried  by  tidn^l* 

"  Doiuiaa  "  and  trypanosoiuiaaia,  31 

DracaMadtti,  but,  92S ;  maliittuu,  ttl 
ricii/i,  929  ;  permruai,  921 

llragonueaii,  (>21 

Itfepanidium  {.Utrmogregariita),  8S 

Dropiy,  eiJdiMuiP.  643-647 

Dum  Dum  fevtr  (kala  Marl.  220 

"  Dumb  chilt«  "  in  KRivo-aiituninal  (mIhu 

2B7 
Dysenterii;  diarrlioia,  51S 
Dysentery,  477-646 ;  in  tropical  lira,  U< 

{are  Dysentery — Aiunbic,  BMctolal,  tti 

Protozoan,  bdovi) 
Dyunlery,  anuebie,  4,  627-544:   -I 

and.  58U-.°i36   (■«  Amata),    &SSj 

mahirio,    268;  compUeaUaiiK,    SW: 

^oais,  639 ;   diitribotion,   $37  :  « 

in,    541  ;    nuirbid    nnatoiuy,     SSS-Wi 

prognosis.  640 ;  pnipbylaiui, 

■nd.    529:    "onroMt    of   inhctiou,  SK; 

iiymplotni,    537-639 

542  ;  wUer  and,  SS8 
Dysentory,  l«oiII«r.  477-62",  .        

485  ;  ruthritii  in,  615  ;  hBct«rii>k«y.  OT- 

603  :   art  iitio  Barillia  ilj/t/Ttleriar      " 


INDEX 


1045 


guosis,   51.> ;  iliet  in.  f>18  ;    dlstributiou, 

479  ;  enemas  in,  521.  524  ;  epidemics  of, 
478  ;  exi)erimental,  508  :  food  and,  483  ; 
gangrenous.  511  ;  ipecacuanha  in,  517- 
520  ;  inaKtrious,  514,  521  ;  morbid  an- 
atomy, ,503-509;  mortiility,  488;  mud 
and,  481  ;  personal  factors  and,  487  ; 
prognosis,  515  ;  prophylaxis,  516  ;  salines 
in,  520  ;  scorbutic,  ,514,  520  ;  season  and, 

480  ;  sequels,  515  ;  serum -thera]>y,  523  : 
soil  and,  481  ;  spread  of,  485  ;  symptoms 
of  acute,  509-512 ;  of  chronic,  512-513  ; 
water  an<l,  482  ;  weather  and,  480  ;  treat- 
ment, 517-525  :  vaccinati<m  against,  523 

Dysentery,  protozoan,  544-545  :  eiliar,  544 ; 
Hagellar,  545  ;  spirillar,  544 

Kclnnococcus  disease,  use  of  term,  978  ;  set 
Hy.latid  Disease,  976-1039 

KchinociKCHu  (dfriciparienSj  986 ;  cystiats 
fertUiSf  986  :  endogeniis^  986  ;  exogenux, 
986  ;  ffranulosKHy  986  ;  hominis,  986 

tkh  inococrus  nlre*)Utris^  sire  multilocvltmA, 
986,  989,  1029-1038  ;  distinction  from  E. 
hydatifhutus^  1038  ;  geographical  distribu- 
tion, 1034  ;  history,  1029  ;  immature 
forms  of,  1032  ;  in  the  liver,  1035-1038  ; 
iUagnosis,  1036  ;  symptoms,  1035 ;  treat- 
ment, 1037  ;  morbid  anatomy,  1033  ; 
pathology.  1030  :  toxins,  1032 

Kt'h  i nttC4)cc\(S  hydatUiosus,  981-1029  ;  general 
development,  982-989  ;  see  aho  Hydatid 
Disease,  976-1039, and  Taniia echinocttccusx 
adventitious  capsule,  998  ;  bilirubin  in, 
1003  ;  brood  -  capsules,  983  -  985  (Figs. 
223,  224)  ;  burrowing  type  of,  987,  1027; 
calcitication  in,  999,  1002  ;  Charcot's 
crystals  in,  1002  ;  chitin  of,  1000  ;  con- 
ditions determining  prevalence  of,  989- 
993 ;  daughter-blatiders,  986  ;  numlier 
in  a  single  hydatid,  1004  ;  defined,  986  ; 
degenerative  changes  in,  999,  1002  ; 
development,  982  ;  diagnosis,  general, 
1007-1009;  distribution,  993-997,  1004; 
ectocyst  and  endocyst  of,  982 ;  endo- 
genous and  exogenous,  986-989  ;  tiui<i  of, 
1000,  1008  ;  hexacanth  em})ryo  of, 
981-982;  booklets  in,  985,  1003  ;  hydatid 
or  Echinococcus  bladder,  the,  982-985  : 
hydronephrosis  ami,  1008-1009;  "malig- 
nant," 988  :  multilocular,  987,  989  ; 
multiple,  988,  997,  1004-1005  :  papillo- 
matous growths  in,  1003 ;  pathological 
anatomy,  997-1006  ;  pedunculate<i,  989  ; 
})eritoneum  and,  100.5,  1016,  1026  ; 
physical  signs,  1006  ;  prophylaxis,  1009  ; 
proscolex  in,  981,  984  ;  rupture,  1001. 
1015,  1020;  scolices  in,  983-985,  are 
derived  from  brooil-capsules,  983  ;  spon- 
taneous death  of,  1001  ;  spreatl  of,  in 
the  iKxiy,  1004  - 1005  ;  sterile,  989  ; 
symptoms,  general,  1006  ;  s>Tionyms, 
986  :  toxin,  1000  :  traumatism  and,  1006  ; 


treatment,    general,     978,     1010-1014; 

urticaria  in,    1000,  1007,  1009  ;    various 

animals  and,  990-993,  996  ;  wat«r-supply 

and,  992.  1010 
Echifwcitccus    midtilondaris,    see  K.    aiceo- 

laris ;  polymorphism  986  ;   scoliripariens, 

986  ;    simplex,    986 ;    veterinonnn    (Fig. 

218),  980,  985,  986 
Echinorhynchus  ants  (Figs.  210,  212),  956  : 

hmninis,  957  :  lesiniformis^  956  ;  mmiili- 
/onnis,  957 
Echis  carinatu,  783  ;  bite  of,  808,  812-815 
Ectoplasm,  10 
Ectosarc,  10 

'* Egg-foot"  (mailura  foot),  754-759 
Egyptian  chlorosis,  900 
Kimeria  hominis,  827  ;  stiedo,  825 
**Ekiri,"  514 
Elephantiasis  arahvm^  945-951  :  pathology, 

947  ;  treatment,  949 
Elephantoid  diseases,  940-951  :    pathology, 

941  ;  treatment.  949 
Empusa  cnlicis,  135 
Emys  lutariOy  83 
Endoplasm,  10 
Endosarc,  10 
Eiihydrina  vnlakftdinif  7S7,  795-800  :  bite 

of.  806,  813-815 
Eiitama-btt  roli,  17,  535 :  histohtticn,  20.  635 ; 

undidanSf  21 
Elnteric  fever  and  malaria,  267 
Eosinophilia  in  ankylostomiasis,  902,  908  ; 

in   bilharziasis,    877 ;    in    filaria««is,    926, 

932,    939  ;    in   helminthiasis,  888,    892, 

908,  963  ;   in  hydatid  disease,   1008  ;  in 

sleeping    sickness,     222 ;     in     tapeworm 

infections,  849  ;  in  trichinellosis,  916 
Epicyte  (sporozoan),  58 
Epidemic    dropsy,  643-647  ;    beriberi    and, 

644  ;  diagnosis,  647  :  epidemiology.  645 ; 

symptoms,  644 
Epimerite  (in  gregarines),  63 
Erythema  nodosum  in  malaria.  253 
Erj'thrasnui,  tropical,  749 
E^chatocephahfs,  192 
Ethe<^enesis,  13 

Eucalyi»tu8  oil  in  helminthiasis,  904-905 
',    Euixodes,  191 
Eurhipicpphalus^  193 
Evstronfjylus  gifjas,  893  ;  riscrmlis,  893 

Fasciola  liepatica  (Figs.  141-143),  853:  in 
sheep,  855  ;  life-histoiy,  854  ;  hiniionn, 
853  ;  lancet*lata,  856 

Fasciolidw,  853-862 

Fasciolopsis  bi'ski  (Figs.  144-146),  865,  904  ; 
raJhtniisi  (Fig.  147),  856 

Favus,  tropical,  745 

Fever,  bilious  remittent  (blackwater),  289, 
(Malta),  422  ;  blackwater,  289-301  ;  coast 
fever  of  cattle,  199  ;  Danubian  (Malta). 
422  ;  East  C'oa.st  cattle,  87  ;  tlooil,  366- 
357  :  hiemoglobinuric,  289  ;  Gambia,  82 ; 
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intermittent,    241 ;   intermittent   typhoi<l 
(Malta),    422;    Italian,    422;    Japanese 
river,  355-357  ;  malarial,  241-285 ;  Malta, 
422  -  435  ;      Mediterranean,     422  -  433  ; 
Neapolitan     (Malta),     422  ;     relapsing, 
Africa  (tick),  301-306  ;    Rhodesian    reel- 
water,    87  ;    river,    355 :    rock    (Malta), 
422  ;    spotted,  of  Elocky  Mountains,  307- 
31  r»  ;  Texas,  200  ;  tick,  301-306,  see  aim 
Spotted  Fever  of  the  Rocky  Mountains, 
307  ,  yellow,  313-345 
Ficits  ddenria  in  ankylostomiasis,  904 
Filaria,  conveyed  by  mosijuitoes,  122,  939 
Filar ia    athiopiat,    921  :    apapUUKephaln^ 

920  ;  hamyntfti,  927.  933-951  (Figs.  199, 
200) ;  conjunctiva',  920  ;  cystica,  938  ; 
ilemnrqitayif  927,  951  ;  diuma^  927 ; 
drarmicnlus,    921  ;    equi,    921  ;    cquimi^ 

921  ;  gi'jajt,  831  ;  hmniniSy  921  ;  hominis 
broiwhialis,  921  ;  hominis  oris,  921  ; 
immitis,  831,  938  ;  inermis,  920  ;  kili- 
mar(€y  921  ;  lahinlis,  921  ;  Icntis,  921  ; 
/<>(?,  927,  929-932  (Figs.  197-198), 
Calabar  swellings  and,  932  ;  magal/unsi, 
927,  9.'il  (Fig.  204) 

Filaria   m4^dinensis   ^Figs.    192-195),    921- 

926  ;  Cyclops  an«l,  923  ;  treatment,  926  ; 

F.  yiocturna,  927,  933  ;  wm/i,  929  ;  ocuU 

hvmani,  921  ;    o'^zardi,   831,   932,    952 ; 

papulosa,  921  ;  jyeritanei  hominis,  920  ; 

jterstans,   920,    927,    932-933  :     pmcelli, 

927,  952  ;  rtuttifonni-s,  921  ;   roinani)mm 

orieiUaJis,  921 
Filaria  saivjiiinis  h/nninis,  comprehensively, 

926-9521   933;    F.s.h.  o:gyptiaca.  933; 

F.s.h.   major,   929  ;    F.s.h.  minor,  932  ; 

F.s.li.     noctiirua,     933  ;     F,  .sanguinis 

honiiniim,  938  ;  F.  subcanjunctit'alis,  929  ; 

F.  vdridus,  927,  952  ;  F.  louchereri,  933 
Filariasis,  939-951  ;  blood-changes  in,  989  ; 

tliseases   due  to,    939  ;    pathology,    944, 

947  ;  treatment,  949-951 
Filari.ljH,  920-952 
Filopodiuiii,  14 
Fish  and  leprosy,  659 
Fishes  ;  the  natural  enemies  of  mosquitoes, 

135;    Lymphoq/stis   in,    114;     **j)Roro- 

speriiis  "  in,  95,  98  ;  trypanoplasmosis  in, 

32 
Flagella  in  the  nuistigophora,  23  ;    nuclear 

origin  of,  25 
Flagellata,  '27  '2d 
Flagellation,  so-called,  in  malarial  parasites, 

79-81  ;  In  piroplasmaCa,  89 
Flagellula,  12 
Flea,    carrier   of  plague,   375  ;    of   spotted 

fever,  31 1 
Flies,    blo<.d- sucking   (Figs.    98-108),    169- 

185;     green  -  Iwttle,     liSo  ;     potu,     173, 

175;     robl)er,    181;     sand.    176,    761; 

srrut.  177-181  ;  tsetse,  182-185 
Flies,  |)higue  and,  374 
Flood  fever,  355-357 


Foot-and-mouth  diBe4Ui«,  Cj/('**yi(^s  in.  H;; 

Foot,  madnra,  754-759 

Foraminifera,  21 

Fowls,  spirillosiH  of,  302 

tVamlxesia  (yaws),  695-70-J 

Frog,  Algerian,  host  of  ffirno'ff.t'fjan,'".  J*:; 

Frogs,  European,  host  of  Mj/.n>sj><n„i,i'.  \-^ 

Frontier  sore,  para.sit4:s  iu,  50 

I>^iiigi  and  disease,  3 

F\isaria  viystojTj  889  ;   rennictduri.*    M»0 

Gatl-flies,  177-181 

Gambia  fever  and  tr^'pauosoiniu^iN,  :j-_' 

Gamete,  12 

Gametocyte,  13 

Gangrene,   multiple   cutaneous,   in   m.kliin.i, 

265 
Oasterostnis  acuUutns,  99 
Gastrodiscus hmniniit,  855,  8t>2  (Fig.  159).?X»4 
Gemmation  in  protozoa,  12 
"Gemmules"  of  Cytoi-yft^s  (Fig.  77).  11' 
Oerbillus  itulicus,  83 
"Gid,"  the,  in  sheep,  982 
"  Gift  Zeer,"  744 

tHgant4>rhynchu-ii  gigns  {V\^,  211).  1*57 
Giraffe,  the,  ami  Pontcephtth'.'*^  i»,'i9 
Glossina  morsitan-s,  172,  IS:^ 
Glassina  jxtJpidis  ( Fig.   107),    1 7 1 ,  1  "^  I  ;  in 

human  trypano.somiasi.s  20^ 
(/lugea  anortuUa  (Figs.    64.    «57),    lOn  101  ; 

bomhycis,  61 
Gnat,  host  of  malarial  parasites.  78-82  :  \\fy>i 

of  spiroctuita  ziananni,  43  ;  host  «»f  t-n- 

panosdina  lutctna,  35-41 
Gnatholxlellida;,  the,  959 
Gnaihostoma  sianuinse,  955 
Gnathostomidte,  955 
Gortlins  equinus,    921  ;     itutfi,tfnj,iji.    9-1  : 

pvJnwnalis  apri,  894 
Goundou,   731-734;  etiology,    732;  s\nij»- 

toms,  733 
Grabhamia,  159 
Granuloma,  ulcerating,  of  the  pudenda.  70S- 

712;  course,  710;  histology,  709  ;  jwtfjv 

geny,  709  ;  treatment.  712 
"  Green-bottle  "  flies,  185 
Gregarines  (Figs.  82-37).  61-67  ;  cla-s*-.  of, 

66  ;  reproduction  in,  64 
"(troz-nez,"  ser.  Goundou.  731-734 
Guiana  ulcer,  789 
Guillemot  tick.  191 

Guinea-worm  {Filaria  mt^fiiwrn^is),  921  •9J^ 
Gurjun  oil  in  leprosy,  686 
GnrlfyiU  101 

Gutlu  madhe  (madura  foot).  754-7r.f» 
Gynocanlic  acid  in  leprosy,  6Sr» 

Ilamadipsa  crylonica,  959 

Hainaiastor,  192 

Hainatnocba   {Plasmoilium),    74;    (--.s/<>->. 

cJufta)  ziemanni,  43,  84 
Ha  maphysalist  193,    197.    200;    c'lrriei  of 

Piroplatma  cants,  197 


INDEX 
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Hicinatochyhiriii,  941,  945 

//</  matt)CtH'.cuti  ( Piroitla.finit .,  ^Q 

llii  matoinoiias^  3 1 

////  imihtinn  km  tttepfw/iffi,  8f» 

///'//m/fvW/t  (Fig.  104).  177-181 

fl:i>matiina  in  liilliur/.iasis.  874 

I/tnmn'f/sfiih'um  {l*lai<miHlinm),  74 

liaMiio^lobiiiuria  in  Itliu-kwHtcr  fever,   289- 

:jol 
H;iMM()>;](>liiniirio  lever,  sty  Blackwater  Frver, 

2s0-:i01 
lln  iinHjreiiariiui  ftoi/otn'i^   83  ;   gerbilli,    83. 

8a  ;  jomli,  83  ;  iacertnnun  (Fig.  47),  82  : 

nn'rnfu'/is,   84  :    ranarfni    (Fig.    46).    82 ; 

sUjHtnoiri  (Fig.  48),  82-85 
IliiMiiogregnrines,  tlie  (Fiits.  46-48',  82-85 
Ilieiuolysis  in  ankylostomiasis,  8!t7,  900  ;  in 

snake-bite,  801 
H<t imnn^iwn  {l^hisiiv>tUiiin\  74 
] I  (f  mop  rote  IIS  {J*/ttsimHihini\  74,  91  :  ////«/- 

leirfcki/it  74 
lift  iinipsis  Sinitjuisiujo^  959  ;  roiii.r,  959 
HaMnoptysis.    endemic,    861  ;     in    hydatid 

ilisea.se.  lol9 
H:emo>}M)ridia    (Fig?».    41-56),    73-93;    four 

generic  tvJH•^  of.  74  ;  general  remniks  on, 

92 
//t,//rn,/ii'm  daiuUwskyi  (Fig.   56),  91-92  ; 

distinct  from  J*ffi.Hnntifhnn,  92 
llaltiridinm-stage  in  trypanosonies,  36,  42 
l/iili/sis  soh'tttii.  837 
Hainulorio  li/iiiphntit'Of  921 
Hai.losjK>ridia(Figs.  75,  76),  106-108  :  three 

families  of.  107 
Hatty-ka-pnng  (madura  foot),  754-759 
**  Heart- water  "  disease,  198 
Heat,  diseasf.N  due  to,  2,  771-782 
H«-at-aiMi|>lfxy.  771 
He.it-exhaustion.  771-782 
lielntitoiita  ti'upictiiii,  55  ;  oriental  sore  and. 

718 
Hflminths,  829-957  :  an«l  disease.  4  ;  hosts 

to  Acfimn/if/ritfi'fj  98 
Heiiiiitlcgia  in  malaria,  266  :  in  sunstroke, 

4  ib 
*'Ht'npuye,"  str  Ctoundon.  731-734 
ll*\i,tiipli  fffHimf/im* ,  1 66 
lit  ifietiniiomi,s  (Fig.  23),  49 
Heicroniastigote  mastigophora  (Fig.  4",  23 
H»\acanth     (I  Vstode     embryo),     833,     982 

I  Figs.  221,  222 » 
lli'j'ntfufridimii  lynanmu  853 
Hill  diarrhii-a,    567-570;  symptoms,   569: 

tri-atinrnt.  570 
Hill  >i«-kness.  569 
Hippoljoscida*,  170 
IlistttsiHtridiuui  airrininHatasum,  114 
Horse,  the   piro]>lasmosis  of  (Fig.  53),  86- 

91 
llorse-tlies,  177-lM 
Jlf/ii/ummn  (Fig.  lUh,  192 
Hvd.-itid  cvsts.  M*'  ErhiiiiM'-H-ni.t  hifffah'tiwtuSt 

'981-11)29 


Uydati<l  »li.sease,  976-1039  :  fee  a/tm  Krhhiu- 
roccus  hydntidoxvsy  981-1029,  and  Tania 
t'chhwciiccus  ;  age  and,  997  :  biology  ol, 
978-989  ;  burrowing  tyjw,  987,  1*027 ; 
calcilication  in,  999,  1002  ;  rlinical  as- 
I>ects  1006-1014  ;  conditions  determining 
J )re valence  of,  989-993;  diagnosis  general. 
1007  -  1009,  special,  ivr  the  varimin 
organs  an<l  tisNUes  Inloir  ;  distribution  in 
the  Ixxly.  1014  ;  KrhhutetH'CHfihf/dtth'tfoJtVM 
and,  981-1029:  witftihtcubtrus  it.  ahvttfari* 
and.  989,  1029  - 1038  ;  endogen(»U8  and 
ex(»genous  tyi>eM  of,  986  -  989  ;  eo>ino- 
philia  in,  1008  ;  e.xtraviM.eral,  1028 ; 
fluid  of,  1000,  1008  :  geograjihical  di«- 
tribution,  993  •  997  :  history,  976  -  978  : 
liindemaun's  o)>eration  for,  1012  :  organs 
and  tissues  Jitfeited,  l)ones.  987-988.  lOO,**, 
1029  ;  cranium,  989.  998,  heart,  1028  ; 
kiduev,  1024-1025;  liver.  1014-1019 
(FiKs.  227,  228);  lung,  1012-1013  (Fig. 
229)  :  mesentery  an«l  omentum,  1026 : 
l>eritoneuni,  1005,  1016,  1026  ;  sj»inal 
cord,  1027  ;  spleen,  1023  ;  pathological 
anatomy,  997-1006  ;  physical  signs,  1007; 
l>rophylaxi8,  1009;  sex  and.  1»97  ; 
skeletal,  988  ;  sudden  death  in,  1009, 
1012  ;  suppurati<m  in,  988,  999,  1007, 
1013,  1015  ;  sympt<mis.  general,  1006  : 
si>ecial,  set'  th*-  rttriotm  organs  an<l  tissues 
nhtrvf ;  tea  and,  1001  ;  toxin,  1000 ; 
treatment,  genend,  978.  1010-1014, 
special,  see  the  mrioHs  organs  and  tivsues 
altovr ;  urticaria  in,  1000,  1007»  1000  ; 
M'ater-supply  and,  992,  1010 

Hf/ffatiiifs  siiiffuhrrs^  977 

Hninenolepis  flitiiitnifa,  843 ;  hinceofatdf 
843;  mvriua,  843;  tuntu  (Figs.  131, 
132),  842 

Hyi>eri>yrexia,  in  cholera,  467,  475 :  in 
cranial  hy«lati«l,  1027  ;  in  Malta  fever, 
433  ;  in  sunstroke,  777 

Hyphoniycetes  in  pinUv,  751 

Hypostome,  188 

"  Ikota.'  709 

Indian  liver.  571 

Infantile  splenic  anieniia  and  ihuio.s,  609 

Infantilism  in  malaria.  264 

Infusoria,  the  (Fig>.  79-s2i,  114-119 

Inguinal  glands,  varicose,  942,  950 

Insolation,  771-782;  j)athology,  776;  pro- 
phylaxis, 779  ;  sequels,  782  ;  statistiis  of, 
773-776;  symptoms,  776  ;  treatment,  780 

Insular  sclerosis  simulateil  by  malari.<i,  260, 
266 

Intestine,  in  Wril>eri,  629  ;  in  dvsentery, 
503-.'i09 

I)>ecacnanha  in  dysentery,  517-520  ;  Bra- 
zilian metho<l  of  giving,  519 

Iritis  in  tick  fever,  305 

I**ogamy,  12 

Itthts  iivttvlatfs^  887 
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Ixodes  ricinns,  host  of  Karyolysvs  lacei'tannu^ 

85  ;  vitality  of,  201 
Ixodiasis,  764 
Ixoaidw,  190-193 

Japauese  river  fever,  355-857 

"Jejen,"  173 

Jigger  (saud-tteas),  761 

Kakke  (beriberi),  615 

Kalaazar,  226-241  ;  carrie«l  by  bed -bugs,  53  ; 
diagnosis,  238 ;  di.stri))utiou,  227  ;  etiologj-, 
227  ;  incubatiou,  233  ;  *'  Leishman- 
Donovan  bodies  "  in,  50  ;  leiicopeuia  in. 
236  ;  malaria  and,  271  ;  morbid  anatomy, 
230-233 ;  mortality,  238 ;  parasites  of, 
50-55,  227-230;  prophylaxis,  240; 
symptoms,  233  -  238  ;  treatment,  239  ; 
ulceration  in,  232,  233 

Karyogamy,  12 

Karyolysus  { Hwinoyref/orCia),  82,  85 

Karyophagvs  hominiSy  826 

KetMnt,  355 

Kedanisfforozoan,  355 

Keloids,  tropical,  766 

Kidneys,  the,  and  Eii^frougylu^tjigaSj  894  ;  in 
bilharziasis,  872  ;  in  l>Iackwater  fever, 
296  ;  in  cholera,  460  ;  in  hydatid  disease, 
1024  ;  in  malaria,  250  ;  in  Malta  fever. 
428  ;  in  plague,  395  ;  in  yellow  fever, 
332 

Kirina-grah  (madura  foot),  751-759 

Kousso  in  helminthiasis,  850 

"Kra-kra,"  759 

KrabbecL  ijraiuiUy  849 

Krait,  the,  788,  796-803  ;  bite  of,  805 

Lachf'sis,   American,    783,   707  ;   antiserum 

for  bite  of,  812-815 
Lachnostenia  arciuita^  957 
[jainblm  intent  i  not  is  (Fig.  31),  55-56,  545 
Tjankesteretla  {I/ff^mof/ ret/a riiia)^  82 
Lankt'steria  ancifliir  (Figs.  32-33),  62 
I-iardat!eous  disease,  see  Amyloid  Disease 
Latah,  767-771  ;  pathology,  769 
Lathyrism  and  berilH*ri,  640 
Lathyrus  sativus^  640 
Laverunia  vudan'o^  74,  251,  258 
Lazarettos,  650 
Fjcech,  the,  host  of  If(>  motfretjamm  stepanovi^ 

»5 
Leeches,  959-961 
**  Leishman-Donovan  bodies"  (Figs.  26-28). 

50-55,    227  -  230  ;     Hagella    of,    52 ;    in 

oriental    sore,     718  ;    and    ponos,     611  ; 

resembling  flerpefo/iionasy  53 
fMsh mania  dfmorani,  54  ;  tropiat^  55 
l^pidose/atja  Upidota  (Fig.  103),  179 
••Lepra-cells,"  661 
Leprolin  in  leprosy,  i^^^ 
lx5prosy.    6 18-694  ;    anaesthetic,    677-681  : 

ba<t«'riology,  654,  665-673;  bone-changes 

in,  680;  contagion  and,  655-657  ;  diagnosis. 


683  ;  diet  and,    659  :   distribuiion.    o.'.v 
653  ;   eniptions  in,    673,    677  :    t-tiolcn.'>. 
654-660  ;  fever  in,    675  :   fish   and.   65'^ . 
giant-cells  in,   662  :    hercwUty   ann.    t'..'-,'  . 
history,  648-650  ;  iucul>atiOn.  673  ;  \\i"-:\ 
lation    of,    671-673;    Iar«lace«»us    ^  hat.i.- 
in,    665 ;    lepra-celK     in,     661  ;    ni:\-.: 
681    (Fig.    115)  ;     nerv*--    in,    G6:i,    677 
681  ;  neural,  677-681  ;    niHlulnr,   •'.73-o77 
(Fig.    113)  ;  ocular  changes  in.  674.  »;77. 
681,689;  pathology,  660-664  :  jiroguo.:. 

684  ;  prophylaxis,  689-691  :  lenal  di^.i^- 
in,  665;  serotherapy  of,  688;  -injo^:*. 
677-681  (Fig.  114)  ;  symptoni>.  *^7'^■^j^:'. . 
treatment,  685,  surgit-al,  68s  ;  tui*'- 
culosis  in,  665,  683;  ulceration  in,  *'''*'k 
680;  vaccination  and,  6r»7  ;   varivTi*^. ':,'.; 

I^eptidaj,  181 

IjtptiSy  181 

I^pttKiera   intestinal  i^i    rt    >/**ro,v'/<,    !<.'tj ; 
nieJhji,  919 

Leptothtca  reuicola  in  frog>,  9> 

Ijej^itua  autumuatis  and  Ao^mI  ft* ver.  :i.'..'i 

Jjeucocytosis  in  blackwater  f»*vrr,  21*'^ :  m 
cholera,  461  ;  in  dy.<entery,  "»10  :  nt 
tilariasls,  939  ;  in  plague.  401  ;  in  >K'»-j^^ 
iug  sickness,  222  ;  in  Apotte<i  fever,  -VA'  : 
in  tick  fever,  305,  306 

IjeiicocytoztH'in  {J/(nnot/rc{/a ri im)^  84 

Leucopenia  in  blaokwatcr  f»*ver,  *JV8  ;  :■: 
kalaazar,  236  ;  in  mahiriii,  264  :  in  |>oii">. 
610 

Ijcydenia  gcmmipurfi  in  aM.itic  lliiid,  21 

Ligula  man«>ni,  847 

LiftuUuSy  168 

Lit/MX  and  Dicroco'liinn^  857 

Lim-mva  trurwatula  and  Fasri<J(i.  ^54 

Limnatis  nilotica^  959 

Liit4fuatida  rhiiiaria  (Fig.  21  o),  W*** : 
tanioideSy  968 

Littuihivs  forjicntnSy  c<.>cci«liosi^  of.  70 

Liver,  in  ankylostomiasU,  903  ;  in  ?iil 
harziaais,  873  ;  in  black  u-ater  fever.  2!*»;  : 
in  cholera,  460  ;  in  dysentery,  515 .  in 
hydatid  disease,  1014-1019:  lu'iiar . 
571  ;  in  kala  azar,  232.  235  :  in  lepnv»v, 
664  ;  in  malaria,  249,  265 ;  in  Mali.* 
fever,  428 ;  in  plague,  395  ;  in  poii.>-. 
610  ;  in  tick  fever,  303  ;  in  yellow  f»-\ir. 
332;  tropical,  571-579 

Liver,  tropical  absce.8S  of,  579-605  :  an- 
nexion with  hepatic  insutliciency,  7»1*> : 
diagnosis,  602,  from  hydatid,  1016 ; 
duration,  602  ;  distribution,  f»SO  -  .^^^-J ; 
etiology,  580-586  ;  morhitl  auat<Mny,  5y*J 
696  ;  pathogenesi.s,  696  -  599  ;  |>er^>u.nt 
factors  in,  590-592;  prognoMs  60:5: 
prophylaxis,  603  ;  relation  to  tij-sentrr), 
■585  -  589,  to  malaria,  589  ;  single  or 
multiple,  592  ;  symptoms  599  -  602  ; 
treatment,  604 

Liver-fluke,  the,  853-855 

Lobopodium,  14 
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•*  l»o  Mama,"  772 
I^nphttHVf'litmiiw^  1 54 
Lnta  #';//«/rtm,  846 

l^uii.Nt',    n«    oarrier    of    l)eril)eri.     t526  :     of 
spottetl     fevrr,    Jill  ;     host     o!"     llomo- 

Lmilla^  185  ;  in  MyiaNis,  762 

Liiuitiricvs  cofiis,  889 

Lungs,  the,  in  )>ilharzia5is,  873  ;  in  cholera, 

161,  468  ;   in  hydatid  disease,  1012  :  in 

plagne,  394,  402  ;   in  tropical  abscess  «)r 

thi-  liver,  601 
Lyiiiph-scrotnni,  943,  951 
Lyni]>1iatic   jirlands,    in    tilariasis,    942    944, 

1»50  ;  in    leprosy,    664,    669 ;   in    plague, 

:J95,  398  ;  in  jwdos,  609 
Li/uij/hori/fi/ is  Joh n/tttmeif  in  tish,  114 
Li/mphoAfH>ruh'i/iH  in  trout,  113 

M.urojpiinete,  12 
Mjun^amy,  12 

Madura    foot,    754  -  759  ;    diaj^iosis,     758  ; 
etiology,    755 ;    morbid    anatomy,    756 ; 
symptoms,  757  ;  three  varieties  of,  757  ; 
treatment,  758 
*•  Mai  de  «aderas "  and  trypanosomiasis,  32 
Malalvir  nicer,  7:i9 

Malaria,  211-285  ;  carried  by  anophelines, 
122,  243  ;  «ause  of  paroxysms  in,  264  ; 
clinical  description,  261-267  ;  complica- 
tions, 267  :  congenital,  247  ;  diagnosis, 
268  :  distribution,  243  ;  etiology,  242  ; 
history,  241  :  immunity  to,  248 ;  in 
tropical  liver,  573;  inculmtion  -  perio<I, 
251  ;  niaske<1,  267  ;  pathological  anatomy, 
248  -  251  ;  jK-rnicious  forms,  259  •  262  ; 
l)n)gnosi.s,  271  ;  prophylaxis,  personal, 
278,  ptUdic,  285-288  ;  'relapse  in,  262  ; 
se^isoiial  variations,  244  ;  se<iuels,  264  ; 
soil  and,  245  ;  symptoms,  252-262  ;  three 
staj^es  in  paroxvsm  of,  252  ;  treatment, 
272-279  ;  urine  in,  263 

Malaria,  a'stivo-autumnal,  267-262 ;  <lia- 
>nio>is,  269  :  parasites  in  blood  in,  258, 
261  ;  prognosis,  272 ;  treatment,  272- 
279  :  types  of,  259-261 

Malaria,  quartan,  255-257  ;  diagnosis,  268  ; 
parasites  in  blood  in,  256  ;  prognosis,  271  ; 
treatment,  272-279 

Malaria,  quotidian,  255-257 

Malaria,  tertian,  2,52-2.'i5;  double,  255; 
multiple,  256  ;  parasites  in  blooil  in,  2,^>4  ; 
proilromes,  i>52  ;  rashes  in,  253  ;  three 
stages  in  i)aroxysm,  252  ;  treatment,  272- 
279 

Malarial  parasites  (Figs.  41  -  45),  74-82  : 
•  onfused  nomenclature  of,  74  ;  so-called 
rla'^ttll.ition  of,  80  :  three  varieties  in  man, 
74 

Male  fern  in  helminthiasis,  860 

Malta  fever,  422-435  ;  anemia  in,  430,  432  ; 
bacteriology,  427  ;  diagnosis,  432  ;  distri- 


bution, 423  ;  etiology,  424  ;  incul>ation, 
428 ;  joint  pains  and,  432  ;  morbid 
anatomy,  428 ;  moscpiitoes  and.  426 : 
mortality,  432  ;  symptoms,  429  -  43i' : 
treatment,  433 

Mangrove  tlieR,  177-181,  932 

Manioc  i>oi8oning,  2 

Man-aonin^  168  ;  varieties,  158 

Manjarttpu*    annulatuit     (Fig.     110),    192, 
199  ;  varieties  of,  199 

Marmots  and  plague,  387 

Marsupials  and  plague,  377 

Mastigophora,  22-25 

"Mbwa"  midges,  173 

Measly  meat.  836,  839 

Me4literninean  fever,  w«  Malta  fever,   422- 
436 

MetjastoiHU  eutcricnut^  55 

Melanin  formed  by  malarial  jiarasites,  74 

Meiamtomionj  169 

Mditiontha  rtfli/nn's   and    fUffantoihyui'hun^ 
957 

Membrane,  undulating,  24 

Meront,  99 

Merozoite,  68 

MattM/onimifft  heUrajihttes^  859  :  in'^teniitiHu 
860 

Methylene  blue  in  malaria,  277  ;  in  protozoan 
dysentery,  646 

"Miana"  and  ticks,  764 

Microc*it'CU8  comiMincus  and  veld  sore,  744 

Micntcoccvs   vieliteiisis.  424  -  428  :    in    kala 
azar,  227 

Microatccvs  r^sicans  in  veld  sore,  744 

MicntnUtria  (i^tnfin/iioi/i\  952 ;  i/ivnia, 
928,  930,  933 ;  Hocttntia,  928,  930. 
933-940  (Figs.  201-204),  944,  951: 
elephantiasis  an<l,  936,  947  :  mos({uit«>es 
and,  936,  938  ;  perio<licity  of,  928,  937 
perstaiiA,  933,  952  ;  fH,ire/li\  952 

Microtilariie  (Fig.    196),   927  ;    diagnosis  of 
spe«ies,  928-929 

Microgamete,  12 

Microgamy,  12 

Microsporidia  (Figs.  64-69),  99-103  ;  classi- 
fication of,  102 

Aficmit/Mnnnt  audouiniy  746  ;  fvrt'ui\  750 

Midges,  172 

"Miescher's  tuljes,"  103,  828 

Micsc/ien'ti,  106 

Afiraridiititi^  852  ;  of  S<'}u'MtoAttnuim^  N»»7 

**Miniim,"  173 

Monenv,  16 

Monkeys  amcebiasis  and,  634  ;  plague  nnd, 
373  ;  tick  fever  in,  306 

Motwutoma  Untis^  863 

Monsiniia  imita  in  dysenter}*,  W12 

Monila  and  yaws,  696 

Mos^piitoes  (Figs.  83-97),  122-168:  and 
l>eril)eri,  626  ;  and  dengue,  363  :  and 
tilariasis,  932,  933  ;  and  malarial  para- 
sites, 78-82,  243  :  and  MalU  fever,  426  ; 
and  ]>lague,  374  ;  and  yellow  fever,  322  ; 
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mipicephuht ,  191,  198 

RhipicephuUut  apperuliculatuSf  198,  200 ; 
fmrsa,  198,  200  ;  simiis,  199,  200 

Rhixogli/phus  parasitictis  and  water-itch,  760 

Kho<le.sian  redwater  fever,  87 

Rhyncholxlellidie,  the,  959 

Rijjjors,  in  blackwater  fever,  298  ;  in  dengue, 
'M9  ;  in  Japanese  river  fever,  356 ;  in 
malaria,  252  :  in  yellow  fever,  332 

Ringworm,  tropical,  740-749 

River  fever,  355-357 

Robber  flies  and  Tabanids,  181 

Rock  fever  {see  Malta  fever),  422 

Rostellnni,  831 

Rostrum  of  gregarines.  66 

Salol  in  leprosy,  687 

Sand-rties.  176,  761  ;  lieriberi  and,  626 

Sand  wasps  an<l  Tabanids,  1 81 

Sanguistiga  tf^gyptutca^  959 

Santonin  in  spnie,  563 

Sarcocvstin,  105 

Sarcocystia  litidemauni,  828  ;    miescheriana 

(Fig.   72),  103  ;  viuris,  103-106  ;  tendla 

(Figs.  71,  74),  103.  105,  828 
Sarcodines,  13-22  ;  five  sub-classes  of,   16  : 

reproduction  of,  14,  16  ;  stnicture  of,  13- 

15 
SarcopsifUa  ^teiietraus,  761 
Sarcosporidia  (Figs.  70-74),  103-106,  828  ; 

method  of  infection  by,  106 
Scarlet  fever,  Cytoryctes  in,  113 
Scanrus  stHutiis,  843 
tkJiavdiniieUa  henl€o.\  66 
Schem4ikm:ella  (Fig.  76),  107 
Schistosomidai,  863-883, 
SdiisUmmutm  hovU^  870  ;  JuarMtnbium,  863, 

865-868  (Figs.  162-164),  899  ;  Japanicum 

se.ti  ealtoi,  828,  881-883  (Fig.  167) ;  in- 

(NcHvi^  870 
Schizogony,  60 
Schizont,  16 
"Schleppgeissel,"  24 
SderoMoina  duodennley  895 
Scolex,  831 

SchiiflTner's  granules  in  malaria,  254 
Sclerosis,   insular,  diagnosis   from   malaria, 

260 
Screw- worm,  the,  185,  762 
Sea-snakes,  the,  784 
Serum,  anti-dysenteric,  523  ;    anti-leprotic. 

688  ;  anti-plague,  409,  412  ;  anti- venom- 
ous, 811-819 
Senit-flies,  177-181 
Sheep,     "  heart  -  water  "    disease    of,    198; 

sarcospori<liosis  of,  105 
"Sheep-rot,"  855 
Simaruba  in  dysentery,  541  ;  in  spnie,  561, 

564 
Simulidap,  the,  173-176 
Sinmfium    aitmrj))} icum^     176  ;    liamiwsum^ 

171:  indiann  (Fig.  09).  175 
Skin,    troj»ioal    diseases    of    the,     734-767  ; 


classiticatiou,   735  ;   due   to  cli:aai»-.   7^4- 
766 ;    dystrophic,     766  ;     inyc<*tic.    74S- 
759:     parasitic,    759-764:     idtaj^t-iLTatc. 
739-745:     syphilitic     736-73'*;     til^r 
culous,  738 

Sleeping  sicknes.s,  208-226  ;  and  '»V.'x<».  i. 
172,  184 ;  complications,  222  :  cw^iv, 
223  ;  diagnosis,  223  ;  <li8triV>ntiiiit.  '^f.^ : 
etiology,  212  ;  F'iltiria  aii«l,  212  :  nen •-»•:« 
system  in.  220  ;  iiatholof^cal  an;iton;y, 
213  ;  protozoa  and,  213  :  symptoms.  iV.*- 
223  ;  treatment,  224  ;  ttvniors  in.  iTi'l  . 
trypanosome  of,  213 

"Slipada"  (madura  foot),  754-75i» 

Small-pox,  sporozoan  infectiou  in,  10f« 

Snake-poison  and  snake -hite.  7^3  •  "^'jl  : 
action  on  the  nervous  system.  7i'i-7l*9; 
action  on  various  .systems  799  -  '^(M : 
description  of  venoms  of,  788-794  :  lii^ 
tion  of,  793  ;  effects  of  reagent^  on  toiiii* 
of,  786;  fibrin-ferment  in,  810:  bsnio 
lysis  by,  801  ;  immnnity  to,  lei:»endan, 
811  ;  mechanism  of  bite^  784  :  morbid 
anatomy  in  man,  804  ;  prognosis,  s^'i' : 
selective  absorption  of,  by  t\\f.  \nm\j,  7?^" : 
serotherapy  of,  811-819  ;  i^epirxtif-o  of 
toxins  of,  786;  speciticity  of.  M2-81.'» : 
symptoms  in  man,  805-809  :  toxj.  itr  <-i 
venoms,  787  ;  treatment,  809-Sl<« 

Snakes,  poisonous,  783  ;  mechanism  r»f  lurr. 
784  ;  poison  apparatus,  784 

Solar  dermatitis,  765 

Sore,  Oriental  {see  Oriental  Sore>,  7V2-72J: 
Natal,  744  ;  Veld,  743-745 

Sparganum  ituinsoni,  847,  849 

^emwphiius  Columbian  i^,  86 

Spfiaeroniyxa  balfnanii  (Fig.  60),  l*t^ 

SphoBTOspora  dirergens  ( Fig.  ,'»S ).  9.'. 

Spirilla  confusetl  with  SpinKh*'t",  42 

Spirillosis  of  fowls,  302 

SpirocJiccta     ansen'na,    45  :     ht*,f(tJ-\    16 . 
derUinm,  46  ;  galliM€trinn,  45,  302  ;    "'«'/ 
rmieri^  45,  in  tick  fever,  303 

Spirochceta   pallida^    46  ;     see     Trtp^mi/^i 
paillidum;  pertenuis  in  vaws,  46;  jJi/v 
ti/is  (Fig.  14).  42;    rr/ringens  (Fig.  14), 
42,  47;  si^wwnn*  (Figs.  15-17),  43-4o 

Spirochetes  (Figs.  14-22),  42-4?^  :  i^fliu 
confused  with  bacteria,  42,  45 

Spleen,  in  bilharziasis,  873  :  in  Nark- 
water  fever,  295  ;  in  cholem,  4»'»0 ;  iu 
kala  azar,  232,  235  ;  in  malari.t.  -J49  :  i:> 
Malta  fever,  428 ;  in  plague.  'IP.S ;  v.\ 
ponos,  609  ;  in  tick  fever,  303  :  piiii«  tnr* 
of,  in  diagnosis  of  malaria,  270 

Splenic  anemia  and  i>ona'^  606 

"Splenastomachon,"  606 

Spore,  60 

Sporoblast,  59,  111 

Sporocyst,  852 

Sporogony.  60 

Sporont,  16  :  in  gregarineis  63-6.' 

Sporozoa,    56-119    (Figs.    32-^2);     j.-^urral 
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chunu  lerbtics  56-61  ;  glidiug  nioveiueDtK 
ot,  58  :  reproiluction  of,  by  sporulation, 
r>9  ;  two  suh-classus  of,  59  ;  imclassifted 
(Figs.  77-82),  108-119 

SiM)rozoitf,  tJO  ;  in  coccidia,  73 

**SjK)tte(i  fever,"  of  the  Rocky  Moun- 
tjiius  87,  .•i07-3l5 ;  etiology,  307  ;  history, 
o07  ;  relation  to  t>'phiis  fever,  310  ;  symp- 
toms, 30S  ;  treatment.  312 

'•SjK>tte<l  sickness"  (])inta),  760 

Sprue,  5-15-566 ;  a  specific  disease,  553  ; 
distribution,  548;  etiolog}',  548;  **fruit- 
•  ure  "'  in,  564  ;  niilk-treatnieut  of,  558  : 
nomenclature,  546 ;  (Mithological  anatomy, 
549  -  553  ;  quack  treatment  of,  564  ; 
strawlierry- treatment  of,  559  ;  symptoms, 
553-557  ;  treatment,  557-565 

S<iuiiTel>  and  plague,  877 

** Staggers"  in  sheep,  981 

.S/.</f//;iy/V/,  160-163; /««6'ta^«,  137,  161,  and 
lilariasis,  933,  952  ;  ncutdUnU,  162 

t^cthnnn'ui,  152 

Stigmata  in  tlie  mastigophora,  25 

Stomach  in  yellow  fever,  331 

,*<f(nuo.ri/s  and  "surra,"  171 

Sfo,nvxj/8  ralcUnins  (Fig.  106),  182  ;  and 
lK)vine  tilariasis,  172 

Sireptothrir  i/ntduiv,  755 

Strobihi,  831 

Stroiiiinxhs  jen  neri^  114 

Strongylidje,  893-905 

Siiontft/loidt:,s  intcittinalui^  952  ;  xtera/rtdis 
(Figs.  205-209),  952-964  ;  embr>'os,  953  ; 
treatment,  955 

Stiiiiujjthis  ajtrif  894  ;  bivnchUUis^  921  ; 
ihonfriuili.s,  895  ;  elouijatusy  894  ;  (figas^ 
.S93  ;  /oinft'i^tgiiiatnity  894  ;  p<inulo.rus^ 
894  ;  tji'tt'ln'tfrtttatus^  895  ;  ittuiUs^  893  ; 
.^^ihiilix  (Fig.  177),  894  ;  suis,  894 

SfjilnrrhitHcltus  bnujicollijt  (Fig.  36),  65 

Sunstroke,  771-782  ;  pathology,  776  ;  pro- 
phylaxis, 779  ;  sequels,  782  ;  statistics  of, 
in  Army,  773  -  776  ;  symptoms,  776  ; 
treat  nicnl,  780 

Su|>ra]u'patic  abscess,  588 

Su]>nircnHl  i-apsules,  the,  in  malaria,  251 

"Surra*  and  trypanosomiasis,  32  :    carried 

by   S/n,noXf/S^   171 

S\v;irm->pores  of  protozoa,  12 

Sifcunij:,  176 

.S' V  in  pit  (O'niHf/  iity  181 

Synk;iryou,  12 

Syphilis,  and  yaws,  701  ;  due  to  CytiMrh  iicUs 
/t'i.s,  48,  118  :  ilueto  Tr^pitneiiM pallid inu^ 
!♦»  :  tlue  to  Tryparutsonut  luia^  47  ;  in  the 
tr.»pic>,  736-738 

Tabanidi.-  (Figs.  101-105),  177-181  ;  lar\a' 
of.  180  :  natural  enemies  of,  181 

7'/'<!Ar//,M.s(Fig.  105),  177-181 

Tit  11(41  nrindhntrias^  841  ;  ayyptiaca^  842  ; 
t'fri*:o,m^  841  ;  wnina^  844  ;  ctfuuniiL, 
fisl  ;  fo/////«/,  842:  c:/<n*r6*Yi«a,834,837; 
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deincrariensi.Sy  844  ;  dentata.  834,  837, 
845  ;  diminntUy  843  ;  dutp(u\  981. 
Titnia  echiiw&KCUs,  842,  976-1029,  s]iecial 
description,  978-982  ;  dogs  and,  990-993, 
1009;  geographical  distribution,  998-997; 
hexacanth  embr>'o  (Fig.  221),  981  ;  hook- 
letii  ((Hg.  218),  979  ;  no  connexion  with 
Ediinocoecus  alreoluriif^  1030  ;  occurrence 
in  animals,  990  ;  oncospheres,  980  ;   ova, 

980  ;  proglottides,  980-981  ;  prophylaxis, 
1009-1010  ;  scolices,  see  KchinoctHXiu 
hydatidosiis,  981-1029  (Figs.  224-226); 
spines  of  embryo,  981  (Fig.  222) 

Tirnia  elli})ticay  844  ;  JttnytpHHc^ata^  843  ; 
ijfiitm,  845  ;  hirudimiceii^  957  ;  humaria 
annatti,  837  ;  hydaliyeiut^  976  ;  inermi^ 
884  ;  laiuxolaui  848  ;  hda,  834,  845  ; 
leptoi'ephalily  843  :  madaffavrari^nsia,  8ii; 
tiu'dioranellatay  834  ;  numlmimicea^  845  : 
minima^  843  ;  immdi/onnis^  844  ;  muriiia, 
842 ;  nan<iy  842  ;  jfenna'dti^  837  ;  rhimtria,, 
958 

7V//IM*  Mghiata  (Figs.  116-123),  834-837, 
843  ;  symptoms,  849  ;  treatment,  850  ; 
.serrtita,  831 

Ttrnia  solium,  834,  837-841  (Figs.  124-180), 

981  ;  symptoms,  849  ;  treatment,  850  : 
fenella^  845  ;  tropiaty  834  ;  vonsina^  843  : 
ndfjaris^  837,  845  ;  zifforciisisy  834 

Taeniafuges,  850 

T(t  a  {(irh  itnr/i  w,v,  1  ♦15 

**  Tampan,"  195 

TaiHjworm.s  831-851  ;  general  ilehcription, 
831-851  ;  svmi)toms  849  ;  treatment, 
850 

Tarbagan,  the,  and  plague,  373,  387 

Telosporidia,  59 

Teniae uUiria  sidtcotiiprcssa^  921 

Tetany  in  malaria,  260 

Texas  fever  and  ManjurnpuSy  200 

Thelo/umia  mo nadis,  101  ;  mvelleri  (Figs. 
65,  66).  99-103 

TheoUddia,  157 

Thealmldia  spathipidpisy  165 

Thoracic  duct,  the,  in  lilariasis,  944 

Thymol  in  helminthiasis,  850,  904.  908 

Thyroitl  extract  in  leprosy,  687 

Tick  fever,  301-306  ;  bloo<l  in,  304  :  dia- 
gnosis, 805  ;  incul>ation,  303  ;  symptoms, 
303  ;  treatment,  805  ;  immunity  to,  306  ; 
in  monkeys,  306 

"Tick  fever"  of  the  Rocky  Mountains,  >7 
{see  Spotted  fever,  307-315) 

Ticks  (Figs,  110-112),  187-203:  iHjriberi 
and,  626  ;  carriers  of  African  rela)»i>ing 
fever,  46,  187,  of  Karyitlysus  lacetUirumf 
8.*),  of  piroplasmosis  (Fig.  55),  86-91  ; 
dassitication  of,  188-193  ;  life-hiKtory  of, 
200-202  ;  skin  diseases  due  to,  764 

Tiger  mosquito,  the  {iSteyom^ia),  161 

»*Tigretier"(latah).  769 

Tineit  circinafa,  746  ;  entris,  746,  748  ;  im- 
bricatUt  747,  748  :  tonsurans,  746 
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Tokelau  ringworm,  747 

"  Tokens  "  in  plague,  399 

Tongue,  sore,  in  sprue,  554,  5t)l 

Tormina  in  dysentery,  510 

Tractellum,  23 

Trematoda,  the,  852-«83  (Figs.  140-167); 
general  description,  862 

Treponema  paUidnm  (Figs.  19-22),  46-48  ; 
in  syphilis,  47,  113  ;  in  yaws,  701 ;  sexual 
reproduction  of,  47 

Trichina  cysticay  933  ;  spiralis,  908 

TrichindUi  spiralis  (Figs.  190,  191),  908- 
914;  cysts  of,  909;  development,  909- 
911  ;  meat  an<l  912-913  ;  pigs  and,  911 ; 
rats  and,  912 

Trichinolliaais,  914-919 ;  death  in,  916  ; 
diagnosis,  917  ;  prophylaxis,  918  ;  symp- 
toms, 915  ;  treatment,  918 

Trichinosis,  see  Tricliiuelliasis  (tboce 

Tnchocepkalv^  (lispar,  906  ;  hmninis,  906  ; 
trichiurus,  899,  906-908  (Figs.  187-189); 
anaemia  due  to,  908 

Trichodectes  canis^  844 

Tridvomastix  lacerUtf,  55 

Triehonwnas  iiUestinalis  in  dysentery,  497  ; 
hominis  (Fig.  29),  55,  545  ;  v/nfiitalis 
( Fig.  30),  55 

Trichomycosis  ntHlofta^  753 

Trichopalpus  obsctirus^  181 

Trichostrongyhis  j/roboluriiSj  894  ;  subtHis^ 
894  ;  vUrinns,  894 

Trichotrachelidte,  the,  905-919 

Triotlontophorns  deminutus,  905 

**Tristeza"  and  Margaropns^  200 

Trophozoite,  sporozoan,  58 

Tropical  absce.ss  of  the  liver,  see  Liver, 
Tropical  Abscess  of,  579-605 

Tropical  diseases  of  the  skin,  734-767  ; 
classification,  735 

Tropical  liver,  571-579;  etiology,  572; 
evolution,  575  ;  symptoms,  576  ;  treat- 
ment, 577 

Tropidonotiut  piscatory  84 

Trout,  lymphosporidiosis  of,  113 

TrypanomtnphUj  31 

Try/Hinophis,  32 

Tryjxiiwp/asina  (Fig.  7,  p.  31),  29 ;  parasites 
in  fishes,  32  ;  has  two  hosts,  33 

Trypanosoma  hrncei,  32,  172  ;  equinum^  32  ; 
equipcrdnni,  32,  transmitted  by  coitus, 
33,  48  ;  rransi,  32,  171  ;  ijambiensej  32, 
171,  184;  imtpinaiuin  in  frogs,  93  ;  iein'si, 
33,  42  ;  Inis  in  syphilis,  47 

Trypanrtsoitui  nocUuf,  (Figs.  8-13),  35-42  ; 
halteridiuni  stuge  of,  35-36,  42  ;  life-cycle 
of,  35-42;  locomotor  apparatus  of,  36,  38, 
41  ;  parthenogenesis  in,  36  ;  sexual  cvcle 
of,  38-41  ;  thihri,  33,  170 

Trypanosomatida\  29-42  (Figs.  6,  7-13), 
allied  to  the  .spirocha;tes,  42  ;  as  bloo<l- 
j)arasites,  32 :  development  of,  33-35 ; 
flagellum- formation  in,  31  ;  have  two 
hosts,  33  ;  intracellular  phases  of,  35-42  ; 


morphology  of,  30-32  ;  thre«  forms  i^i.  in 

each  specie.^  33  ;  varieties  of,  ,32 
Trypanosomia.siH,    207-208  ;     glamiular  m- 

largements  in,  207  ;  is  the  first   stii^e  of 

sleeping  sickness,  213 
Tryixinozootu,  31 
•*Trypanred,"  208,  225 
Tsetse  flies  (Fig.  107),  182- IS.' 
Tsutsuganmshi,  355 
'•Tubl»»,"699 
Tuberculin  in  leprosy,  687 
Tuberculosis,  cutaneous,  iu  the  trcpi<>.  73> 
Turkey -gnats,  173 
Turi^ntine,  iu  dysentery,  522  ;   in  helmintii- 

iasis,  850 
TyphlopsyUa  nnisculi  and  plague,  37r* 
*'  Tj'pho-malaria,"  267 
Typhus  fever  and  s{K>tte«l  fever  (»f  th**  K'nky 

Mountains,  310 

Ulcer,  Guiana,  739  ;  Malaiiar.  7 Si*  :   M«i2:im- 

biquc,  739  ;  Yemen,  739 
Ulcerating  granuloma  of   the    pmlfiida,  ;y- 

Grauuloma,  Ulcerating,  of   the    Pudtiub, 

708-712 
Ultra -microsc-opic  infecting  agent vS.  in  den^ru- . 

354  ;  in  kala  azar,  53  :  in  nioliu^ciin.  (?oi*- 

tugiosum,  827  ;  and  spir«x-h;»ftes.    A"  :   in 

yellow  fever,  43,  319 
Vndnaria  fimencfinifs^  899 
I    Uncinaria  dnodenalis,  see  Anly/ft.ififiu'i  'h">- 

denaJe,  895 
Uncinariasis,  see  AnkylostomiasL^.  N99-905 
Undulating  membrane.  24  ;  in  Tr'fjktHO'miu.i 
'        mtctuwy  38 
I    Undtdina  ratutrnvL,  32 
Unemia,  in  cholera,  467 
UranoUfnia,  166 

Ureteritis  cystica,  and  i>Korosi>€rni.-s  >27 
Urine,  in  beriberi,  633  ;  in  black wat^r  lever, 

298  ;   in  cholera,  460  :  in    dengue,  3,=>1  . 

in  dysenter)',  510  ;  in  hill  diarrhivA,  .^6*^ ; 

in   leprosy,    668 ;    in    malaria,    2t>3 :    ij 

plague,    401  ;    in    renal    hydatid,    J02J  ; 

in  spotte<l  fever,    309  ;    in    yellow  kw:. 

338  ;  suppression  of,  in  cholenu  467,  47'> 

Vaccine  lymph,  virus  of,  114 

Vaccinia,  s)>orozoan  infection  in.  101* 

Vagina,  in  bilharziasis,  876 

Variegated  tick,  the,  198 

Veld -rats  and  plague,  377 

Veld  sore,  743-745  ;  bjict^jriologx .  74;' 

Vena  medinensis,  921 

"Ver  du  Cayor,"  in  myiasi«i    JtMi 

**  Ver  macaque,"  in  mviasis,  763 

*♦  Ver  solitaire,"  839 

Verruga,  704-708  ;  eruptions,  706  ;  etiol«y\ . 
I        705 ;     history,     704  ;     j*ymj)tom'».     70*1  ; 
I       treatment,  707 
i    Vibrio  cholenr^  448-457 
,    Vipers,  European,  783  ;  bit*  of,  the,  S07 
I    Vitiligo,  tropical,  766 
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\V:»ll;il»ie>  ami  ]iIuKiie,  378 
WattT- it'll,  7«0 
Wrttfi-sore,  760 
Wcirins,  ])arasiti(',  8'J9-970 

X-iays,  in  hyautid  (Fik-  229),  102O ;  in 
Ifprosy.  ()S8  ;  in  tropical  absct'Ms  of  tlie 
li\rr,  \'^Y^ 

Vaws.  ()9ri-703  ;  Anjas  minitifitu  aiul^  697  ; 
l»:u"teri<>logy.  698  :  conta^dous  nature  of, 
G1H>,  702  :  ••  tnib-yaws,"  699  ;  death  in, 
700  ;  •lingnosis,  701  ;  distribution,  69r» ; 
*ln«?  to  Spii'iH'hit  til  jHTUiiitin,  46  ;  enip- 
ti<»ns,  699  ;  etiology,  696  ;  history,  695  : 
incubation,  698  ;  |Mithol<>j:y,  697  ;  synip- 
toni-,  698  -  700  ;  sypliilis  an<l,  700  ; 
treatment.  702  ;  vaccination  and.  697 

Yell()W  ffvur,  31-*<-34r»  ;  carried  by  nio^- 
.luitoes.  1-J.i,:;i7,  322,  327;  diagnosis,  339, 


324  ; 

urban 

338; 

pro- 


fr»>ni  bljifkwatcr  fever,  299  ;  di>itrilmtion, 
313-317  ;  etiology,  319-327  ;  ft  unites  and, 
327-:i31  ;  hiiMnorrhage  in,  336,  344  ; 
history,  313-316 ;  immunity  to, 
incubation,  327  :  is  a  house  and 
disease,  320-321  ;  jaundice  in, 
morUlity,  338 ;  pathology,  331 
gnosis,  340  ;  prophylaxis,  340-342  ;  soil 
and,  32 1  :  symptoms,  332,  336  ;  tn-ut- 
ment,  342-346  :  ultra- mien istropic  para- 
site of,  319  :  urine  in,  338  :  varieties, 
334  ;  virus  of,  317-319  ;  vomit  in,  388, 
343 

Yemen  ulcer,  739 

Yoi'hribio,  355 

"Zarr"  (lutah).  769 
Zebu  and  Ttmin  n/riraHti,  842 
Zygosis  in  protozoa,  12 
Zygote,  12 
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